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FPREFACE

This is Volume Two of a two-volume interim report prépared by the
Mational Petroleum Council, representing an initial appraisal of the energy
outlook of the United States. Volume One of the interim report, dated July 15,
1971, projects supply/demand relationships for the period 1971-1585, assuming
minimal changes im the economic climate of the energy industries and im goverm-
ment policies and regulations concerning those industries. An extract from
Volume One appears herein.

Yolume Twoe of the interim report contains summaries of the reports
made by the various fuel task groups. These summaries were developed after
extensive work on the initial appraisal. Complete task group reports will be
made available throughout the fall of 1871.

The contents of both Volumes One and Two represent a frame of
reference from which the need for changes in economic conditions and govern-
ment policies could be inferred and from which the probable effect of such
changes could be analyzed. This analysis will be done in the next phase of
the overall study, and the r:sulting report will be submitted to the Secretary
of the Interior in the summer of 1972

-
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FOREWORD

On January 20, 1970, the National Petroleum Council, an official-
ly established industry advlsﬂry board to the Secretary of the Interlor,
was asked to undertake a comprehensive study of the Mation's energy out-
look. This request came from the Assistant Secretary--Mineral Resources,
Department of the Interior, who wrote to the Council as follows:

"A number of events affecting basic policies of govermment and
the social and physical environment of this Nation have occurred
or appear imminent which will set the stage for a mew era in

the petroleum industry in the United States. These events will
have a decided impact on the Nation's resource capability and
the structure of the industry.

"Eecause of the important and pervasive nature of the changes
which may be engendered by these events, there is need for an
appraisal of their impact on the future availability of petroleum
supplies to the United States.

The Assistant Secretary 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 (see p. xzx).
The Council was also specifically asked to indicate ranges of possible
goutcomes, where appropriate, and to emphasize where federal policies and
programs could effectively and appropriately contribute to the attainment
of an optimum long-term national energy posture.

Responsive to this request, the National Petroleum Council in the
summer of 1970 established a Committee on U.S. Energy Outlook to carry out
the study (see p. zxxi). Thanks to the generous supEurt of many cooperative
organizations and people, this Committee is comprised of over 200 representa-
tives of the oil, gas, coal, nuclear and other energy-related fields, as well
as a number of financial experts. This broad makeup permitted an assessment
to be made of the total energy outlook. In addition, the Committee felt it
desirable to compare the fuel demand estimates made by its several task groups
with the results of some comprehensive energy studies made by individual com-
panies or other organizations. Battelle MHorthwest was retained to make a
composite of such relevant studies.

The contents of the Interim ReEurt {both Volumes One and Two)
do not represent a probable forecast of the energy outlook, but rather
only a frame of reference from which the need for changes in policies and
conditions could be inferred and the probable effect of such changes
analyzed.

The final repert on this topic by the National Petroleum Council,
which is scheduled for completion in July 1972, will (1) assess the
potential impact on the U.5. energy outlook of various changes in economic
conditions, technology and governmental policies for the balance of the
century and (2} idemtify probable trends in energy demand/supply relation-
ships between 1985 and the end of the cemtury.

L
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Extract from Volume One

SUMMARY

This report summarizes the National Petroleum Council's "Imitial Ap-
praisal"™ of the U.5. energy outlook through 1985. Supply-demand relationships
are projected assuming that current government policies and regulations' and the
present economic climate for the energy industries would continue without major
changes throughout the 1971-1985 period.?

ASSUMPTIONS OF INITIAL APPRAISAL

In line with maintenance of a basic"status quo, it was assumed that:

1. PRecent physical levels of oil exploration and development drill-
ing activity and exploration success trends would continue into
the future.

2. The level of capital investment in gas exploration and develop-
ment drilling activity would remain relatively constant and the
East trends in the results of such activity would provide the

asis for future expectatiims.

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

4. All presentlv feasible sources of gas supply, domestic and
foreign, would be utilized. It was also assumed that pelitical,
economic and logistical comsiderations would met restrict the
availability of foreign gas.

5. MNuclear power would be utilized to the maximum extent consistent
with a feasible development program.

fi. Coal production would rise to the degree necessitated by demand
and technological advances would permit coal producers and con-
sumers to meet environmental requirements.

These assumptions are generally optimistic. In view of past trends,
the assumed levels of oil and gas exploratery activity, in particular, are not
likely to be realized without substantial improvements in economic conditioms
and government policies. 5Similarly, the availability of foreign oil to meet
shortfalls in domestic supplies cannot be assured. Significant limitations
could arise for political or logistical reasons.

This initial appraieal, therefore, is not a forecast of what will
probably happen in the future, and it should nmot be so interpreted. It is
solely a set of projections, refleoting an optimistie view of what might happen
without major changes in present government policies and economic parameters.
These projections will be used as reference pointe by the Committee in ita sub-
nngyan# taek of identifying and evaluating #iﬂ changes in government pelicies
and gconomie eonditione which might contribute to an improved national energy
Foatura.

! Particularly in respect to oil impert controls, natural gas price regulation,

leasing of federal lands, environmental controls, tax rates amnd resecarch
funding.
* This analysis relates to government policies prior to the President's June 4,
1971, Energy Message to Congress.

roii



FINDINGS OF THE INITIAL APFP

In the initial appraisal, an assessment was made of total U.5.
energy consumption by market sectors.' The Subcommittees for 0il, Gas and
Other Energy Resources made independent assessmemts of the individusl fuels in-
volved., They applied their respective judgments in deciding what factors would
affect demand for the particular fuel examined and took into account the prob-
able supply of other fuels. From these projectiomns, the Coordinating Subcom-
mittee developed an ﬂh:;gr supply-demand balance. The principal findings of
the initial appraisal, e under the assumed conditions summarized above, were
as follows:

1. Energy Consumption--U.5. energy consumption would grow at an
average rate of 4.2 percent per year during the 1971-1985
period. The respective growth rates by market sectors would
be as fellows: electric utilities, 6.7 percent; noncnergy uses,
5.4 percent; transportation, 3.7 percent; residential and com-
mercial, 2.5 percent; and industrial, 2.2 percent.

L. Domgetic Energy Suppiies in Relation to Consumption=--In 1970
domestic energy supplies satisfied 28 percent of U.5. energy
consumption. Under the assumptions of the initial appraisal,
domestic ﬂupglias would grow at an average rate of 2.6 percent
per year during the 1971-1985 period. Since domestic supplies
would increase at a slower rate than domestic demand, the na-
tion would bécome increasingly dependent on imported supplies.
By 1985, domestic supplies would take care of about 70 percent
of U.5. consumption.

3. Petroleum Ligquide--Domestic supplies, consisting of crude oil,
condensate and natural gas liquids, totaled 11.3 million bar-
rels a day (B/D) in 1970, which was 31 percent of total energy
consumption.  Despite the addition of an estimated 2.0 million
B/D from the Alaskan North Slope and another 2.7 million B/D
from new discoveries to be made after 1970, total U.5. produc-
tion in 1985 was estimated at only 11.1 millisn B/D. ara-
fore, in order to meet growing demands for petroleum liquids,
imports would have to increase more than fourfold by 1985,
reaching a rate of 14.8 million B/D in that year. Assuming the
uvnilah%litf of foreign supply, oil imports would them account
for 57 percent of total petroleum suppliez and would reproasent
25 percent of total en@rfr consumption. Most of the imports
would have to originate in the Eastern Hemisphere because of
the limited potential for increased imports from Western Hemi-
sphere SOUTCES.

4, @ge--In the absence of supply limitations, potential gas demand
would approximately double between 1970 and 1985, reaching a
level of about 38.9 trillion cubic feet (TCF) per annum. Under
current regulatory policies and federal leasing policies, how-
ever, the supglias of domestic natural gas (excluding North
Slope) could be expacted to fall from 21.82 TCF in 1970 to
15.00 TCF im 1985. By this time, another 1.50 TCF would be
contributed by the Alaskan MNorth Slepe and 0.91 TCF from syn-
thetic gas manufactured from coal and naphtha; meanwhile, im-
Eurts from Canada could provide 1.15 TCF and imports of LNG and

PG could furnish an additional 4,93 TCF.? Taking all of these

1 For an assessment of requirements by geographic area as well, see Chapter

One, Volume II.

! Supplies from all the sources mentioned could be made available only at
prices substantially above those postulated for production of domestic
natural gas under tﬁa assumptions of this initial appraisal.

xviit Extract from Volume One



sources into account, 1985 supplies would total only 21.4% TCF,
or 1.25 TCF less than 1970 supplies of 22.74 TCF. Dependency
on imports would rise from 4 ger:ent of gas supplies in 1970

to more than 28 percent in 1985, assuming the availability of
foreign supply. The shortfall in energy supply between poten-
tial pas demand and available gas su ies would have to be
made up from increased supplies of other fuels.

5. Ceal--Supply of domestic coal, including exports, would in-
crease from 590 million toms in 1970 to 1,071 million toms in
1985. Coal reserves were judged ample and could support a
faster growth rate in production. Potential constraints, how-
ever, were seen as being the availability of manpower and
transportation facilities, health and safety regulations, and
the need to develop a commercially proven techmolegy for com-
trol of sulfur dioxide emissions.

6. WNuolear--Nuclear power supply would increase from 23 billiom
kilowatt hours (KWH) in 1970 to 2,067 billion KWH in 1985.
This is consistent with eitimates of the Atomic Energy Commis-
sion. Achievement of this level would depend primarily on re-
solving delays from siting, environmental and comstruction
problems. No shortage of domestic fuels was foreseen, assuming
prices for Uz0g up to §10 per pound. By 1985, nuclear energy
would be supplving 48 percent of total electric power require-
ments.

7. Other Fuele--The remaining fuels--hydropower, geothermal power
and synthetic crude from shale--would together comtribute only
3 percent of energy requirements in 1985. Ceilings on the out-
Eut of the first two would be imposed by physical limitatioms.
eilings on the sutput of synthetic crude would be limited by
government policy on leasing land, economics and technology;
c?gseEuEntlf only about 100,000 BfD would be obtainable from
0il shala. :

8. Capital Requiremente=--In order to achieve the initial appraisal
‘energy balance, capital outlays for resource development, manu-
facturing facilities and primary distribution in the United
Etates would have to total approximately 5375 billion over the
1971-1985 period.! Not included in this estimate were other
major sums for petroleum marketing, gas and electricity distri-
bution, and the development of overseas natural resources
needed to satisfy U.5. import requirements.

IMPLICATIONS OF THE INITIAL APPRAISAL

In the long tun, all indigenous energy supplies that can be de-
veloped will be needed. Potential U.5. energy rescurces could ﬁhysicaIIv sup-
port higher growth rates from domestic supplies than shown in this initial
appraisal , particularly for coal, nuclear guelﬁ. petroleum liguids and natural
gas. U.5. coal reserves are ample to meat foreseeable needs. The guantity of
original cil and gas in place, as estimated in the NPC report? on future U.S.

Excludes :a¥itul outlays for Alaskan North S5lope exploration, development
and production. Includes capital outlays of §200 billion for electric power
plants and transmission lines.

As indicated in the NPC report Futurs Patroleum Provingses of the United
States ([July 1970), if discovered and produced, future production of crude
oil would be 346 billion barrels (4.0 times past productiom) and future pro-
duction of natural gas would be 1,195 trillion cubic feet (3.6 times past
production). The discovery and commercial development of these potential
resources will, however, teke many decades and require major improvements

in economic incentives.

Extraet from Volume One six



petroleum provinces, exceeds the total of cumulative oil and gas production to
date and the domestic demand for oil and gas projected in this nﬂ{rais&l. Also,
the combined total of currently proven and potentially discoverable oil and gas
g% estimated in that report is above projected needs during the study periocd
interval. It is extremely important to neote, however, that these resources are
not likely to be developed to their full potentials under the "status quo™ as-
sumption regarding government policies and economic conditions. For example,
using the discovery rate projected in the initial appraisal, it would take al-
most 3 century to find the estimated discoverable oil projected in the refer-
enced study.

Since the mid-1950's, the growth rate for domestic petroleum produc-
tion has slackened, while that for importis of petroleum has increased. As a
result, incentives and prospective profitability for exploration and development
of hydrocarbon resources in the United States have decreased.' In the last few
Eears, there has been a higher rate of growth in the market for domestic oil,
ut the "real” price of crude oil still remains below the level of the decade
earlier.

Based on historical precedent, the assumption of U.5. oil and gas
prices continuing at recent Icve?s indicates that supplies of domestic oil amd
natural gas will decline in the future. However, an improved economic climate
would encourage (1) increased exploration for new reserves of oil and gas and
(2] increased recovery of pil from known reserves.

The extent to which indigenous supplies could be increased by these
and other changes was not considered in this initial appraisal, but will be
gssessed in the final report scheduled for completion ?n July 1972,

At this time, it is appropriate only to note certain areas of con-
cern that are implicit in the continuation of existing conditions. These items
can be conveniently placed in four groups:

1. Government Poliefés--Continuation of present government poli-
cies, particularly in respect to leasing of federal lands, en-
vironmental contrels, health and safety, tax rates, research
funding, natural %BE price regulation, and import policies,
clearly will result in a sharp rise in national dependence on
imantzd energy sources, particularly petroleum liguids. This
will require careful assessment, in respect to both national
security aspects and the impact on the U.5. balance of payments.
Furthermore, the United States cannot expect indefinitelvy to be
able to increase imports of foreipgn o0il. Towards the end of
the century, foreign oll supplies mav prove insufficient te
meet all potential demands.

Continuation of present government policies will also result in
available gas supplies being egual to only about one-half of
market requirements in 1985. [In view of the indicated awvail-
gbility of substantial undiscovered domestic reserves, & criti-
cal review of natural gas rtegulations and other parameters im-
pinging on the incentives for expanded exploratorv efforts is
clearly in order and urgently needed.

2. Phyaical Faciliti{es--The satisfaction of the nearly doubled
energy requirements of 1985 will require enormous additions of
new facilities, which will not easily be forthcoming under
existing political, social and economic conditions. In petro-
laum, the importation of an incremental 10-11 million BfD of
overseas crude oil 4ninirndu:ts above the 1870 level would re-
quire more than 350 tankers, each of 250,000 deadweight ton-
nage [(DWNT). No U.5. ports are presently equipped to receive

! For further discussion of effect of economic factors in 20 years after

World War II, see the report of the National Petroleum Council, Pastors
Affecting U.8., Ezploration, Development and Production, dated January 31,
1967.

EF Eztract from Volume One



such tankers, so new terminals would have to be developed in
coastal areas. Similarly, the increase in refined products re=
quirements would necessitate net additions of about 10 milliom
B/D to domestic refining capacity over the 15-year period.

This would involve construction at about 2.5 times the rate of
the past decade. In gas, the importation of 4 TCF of LNG an-
nually by 1985 would reguire: the building of 120 tankers each
having a maximum capacity egquivalent of approximately 790,000
barrels. In addition, such operations would require the build-
ing of liquefaction plants at the loading terminals and the
building of unloading terminals, r:gnsifftatiﬂn plants and
storage and transportation facilities at points of delivery.

Im ocal, the doubling of mine output would invaelve the deavelop-
ment of Western coal reserves with associated transportation to
markets as well as expanded development of underground mines in
the East and Midwest. Im nuclear power, the pace of construc-
tion of new plants would have to rise very sharply from recent
levels, reaching a capability of bringing thirty 1,000-megawatt
plants on line esach year from 1980 through 1985

3. Pingnoial Requirements--Annunl new Investment required to fi-
nance development of matural resources and construction of new
facilities would greatly exceed the levels of recent years.
Funds provided from operations of energy industries at present
price levels would fall far short of meeting these capital re-
quirements. Environmental regulations Effﬁ:tini the supply,
transportation and consumption of all fuels would further in-
crease investment costs. All these things indicate increasing
ENETEY CoOsSts.

-4, Technology--The doubling of energy consumption over the next 15
vears implies a sharp step-up im all kinds of measures neaded
to protect the environment, both at the points of energy pro-
duction and use. The urgent need for energy also provides
varied research challenges, including problems su as new coal
mining methods, new exploratory techniques, new methods of in-
creasing the recovery of oil and gas, new energy transportation
mothods, advanced nuclear technology, and the development of
commercial processes for flue-gas desulfurization and for manu-
facture of synthetic liquid and gaseous fuels from oil shale
and coal.

Finally, it should be noted that long lead times are invelved in
the orderly development of energy resources. Therefore; it is essential that
the many considerations bearing on the selection of an optimum national energy
posture be brought into sharp focus at the earliest possible date. In its
final report on the U.5. enerpy putlecok ., the National Petroleum Council will
seek to gruvidc as much Eertincnt material as possible, including analyses of
alternatives open to both government and industry.

ADDITIONAL STUDIES
The WNPC Committee onm U.5. Emergy Outlook has already started to de-
velop additional analyses of changes in industry and/or government programs and

policies and changes in economic conditions which would lead to the following
effects:

1. Increase indigenous energy supplies
2. Enhance the snvironment
3. Maintain the security of the nation's enargy supplies

4. Increase efficiency in the production and use of fuels, par-
ticularly through technalog§¢al research and dewvelopment
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In the gru:ass of this additional work, special attention will be
given to costs, including the range of cost increases invelved in various steps
to improve the energy supply situation, and the resultant impact of such in-

creases on demand. The Committee recognizes that price levels will hawve a sig-

nificant ilfatt an both the supply of and demand for various energy Tesources:
an effort will be made to evaluate the elasticity of demand and supply for each
major type of energy.
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Extraect from Volume One

ENERGY OUTLOOK UNDER INITIAL APPRAISAL ASSUMPTIONS

{Originally Chapter One of Volume One)

Projecting the energy outlook in this initial appraisal required
estimates of total energy consumption and total energy supply, and thesa esti-
mates had to be balanced. In order that comsumption by many different market
gectors and supply by many different energy sources could be aggregated, =
common denominator was required. For this purpose, estimates were expressed
in terms of British Thermal Units (BTU's). {Por & fuller definition, see box
insert on p. Zatv.)

Besides these estimates in BTU's and other physical units of
measure, a projection of the energy outlook inveolved certain gross assessment
of at least the most predictable capital reguirements for reaching the needed
EMETEY 5uﬁp1y. Like enﬂr%y consumption and supply, investment will be covered
in this chapter only briefly. More details will appear in the separate chap-
ters on individual fuels.

U.5. ENERGY CONSUMPTION

Total U.5. energy consumption will probably grow at an average
annual rate of 4.2 percent during the 15 years 1971-1985, thus almost doubling
its starting 1970 volume by the end of the period. Measured in trillions of
ETI's, energy consumption should increase a3z follows:

Percent Increase

Year Volume Over 1970
1970 67,827 ==
1975 B3, 4581 23.1
1980 102,581 £1.2
15985 124,942 84,2

Source: Energy DPemand Task Group

This ocutlook is predicated on important assumptions regarding en-
vironmental restraints, basic economic trends, prices,; fuel availability,
capital requirements and technological developments which will be reexamined
in subsequent variant analyses.’

As developed more fully in the demand projections in Chapter Two,
the overall average yearly growth rate conceals a wide range of wvariation in
the growth rates of the five major market sectors that account for fotal energy
consumption. These are (1) residential and commercial, (2) industrial,

{3) transportation, (4) electrical utilities,® and (5) monenergy uses for fuel.

For further discussion see Chapter One.

Though commonly thought of as energy suppiiers, electric utilities are
actually also energy users, consuming coal, gas, oil, nuclear fission
products, etc., Thus utilities convert one form of energy to another. Im
technical parlance, electrical utilities are users of primary ENeTrgy SOUTCES,
and suppliers of sscondary energy. In every stage of their operation--pro-
duction, transmission and distribution--some BTU's are lost.

Throughout the body of this text, utilities are treated as energy consumers.

Thus, to avoid duplication, the consumption of electricity by other consuming
sectars (such as industrial and residential) has been omitted from statistics
in their total enecrgy consumption.

For a picture of energy consumption patterns by consuming sector with electri-
city consumption included in the figures for the other sectors, the reader is
referred to Chapter One.
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WHAT IS A BTU?

A BTU is the amount of heat required to raise
the temperature of ona pound of water one degres
Fahrenheit. The BTU is a very small unit of
measurement, and when one adds up large quanti-
ties of energy, one must count in large multiples
of the BTU. us, the energy balance tables in
this report are expressed in trillions of BTU's.

The BTU equivalents of common fuels are as

follows:

Fuel Common Measure ETU"=s
Crude 0il Barrel (Bbl.) 5,800,000
Matural Gas  Cubic Foot (CF) 1,032
Coal Ton 24,000,000

to 28,000,000
Electricity Kilowatt Hour (EWH) 3,412

Two trillion BTU's per year are approximately
equal to 1,000 barrels per day of crude oil,

ENERGY SUFFLIES

To satisfy demand of the magnitude expected will not be easy under
the initial ugprnisnl assumptions 85 to economic climate and govermment policies.
The pattern of fuel sources used will shift nlrkedlg in response to such factors
as supply limitatioms, interfuel competition and U.5. import policlies. 0il and
coal will continue to supply roughly 43 percent and 19 percent, rasgoctivulr.
of energy consumption; however, imports are projected to grow from 22 to 57
percent of oil supply.

Potential gas demand, without consideration of supply limitations
or changes in the energy pricing structurs, would almost doubla, reaching 35.9
TCF .by 1985. During the same period, however, the available supply of gas
(including imports of LNG and LPG, plus synthetic pipeline gas) would decline
from 22.7 TCF im 1970 to 21.5 TCF in 1985. It is thus obvious that consump-
tion of gas is imhibited by a lack of foreseeable supply, assuming the con-
tinuation of current regulatory policies and economic conditioms. It is
equally apparent that any shortfall im total energy supplies resulting from a
lack of gas must be made up from increased supplies of other fuels. The total
gas supply projectad for the years thruuih 1985 holds almost even over the
peried, but dependence on imports rises from 4 percent in 1970 to over 28 per-
cent of total gas supply in 1985. Moreover, gas is projected to decline from
33 to 18 percent of total energy consumption.

Muclear energy is projected to grow from less tham 1 ﬁer:ant to
more than 17 percent of total energy. Remaining energy needs will be met from
geothermal lns hydropower SoUTCes.

To develop these projections, the 0il, Gas and Other Energy
Resources Subcommittees made independent assessments of the individual fuels
(see Chapters Three through Nine). Each group made its own judgment of the
factors that would affect demand for the particular fuel examined, includin
the supply of other fuels. The independent assessments of supply and deman
of the several fuels made by the respective Task Groups did not total exactly
to the overall energy forecast developed by the Energy Demand Task Group (see
Exhibit 3 for the Energy Trial Balance). ¢ Coordinating Subcommittee
accordingly adjusted the separate Task Force projections of supplies to com-
form with the total energy regquirements as forecast by the Energy Demand Task
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Group. The necessary adjustments were small, ranging from 1.4 percent of total
demand in 1975 to 2.4 percent in 1980 and 2.1 percent imn 1985.

To achieve the needed gains in supplies, slight increases were
assumed to be available from the two sources tgnt could most probably be in-
creazed, namely, oil im?nrts and domestic coal. In the absence of any clear-
cut indication as to which of these two sources should be counted on for what,
the Committee made a purely arbitrary allocation, getting cne-third of the
requirements from oil imports and two-thirds from domestic coal, as follows:

TAEBLE 1

RECONCILIATION OF TASK FORCE FREDICTIONS, FUEL DEMAND AND SUPPLY

Fuel Demand and Supply Requirements 1975 1380 1985
Frojected by the Energy Demand Task

%roup (Trillion BTi's) * B3,481 102,581 124,542
Projected by the Separate Fuel Task |

Groups (Trillion BTU's) 82,347 100,116 122,299

fofnrancn (Trillion BTU's) 1,133 2,465 7,643

Residual Fuel 0il :

Equivalent of Difference (Thousand B/D) 490 1,070 1,150
Coal

Equivalent of Difference (Million Tons) 45 100 105
Fuel 0il Share (at One-Third of the

Difference, Thousand B/D) 165 160 400
Coal Share (at Two-Thirds of the .

Difference, Million Tons) b 65 70
Residual Fuel Share as a Percent of

Total Residual Fuel Demand (3 o4 94
Coal Share as a Percent of

Total Domestic Coal Demand 4% 8% 1}

Source: Coordinating Subcommittee.

In subsequent tabulations, it will be routinely noted whether supply
figures are adjusted (to conform with Emergy Demand Task Group Estimates] or
unadjusted (Individual Fuel Task Group figures).

From the above projections, the Coordinating Subcommittee developed
the supply-demand balance wﬂic is shown in Table II. The supply data are re-
peated in Table III in the physical units appropriate for the respective fuels
and depicted graphically in Figure 1.

CAPITAL REQUIREMENTS

The capital reguirements to meet U.5. energy needs through 1935 are
sxtremely larpge. aken to the wholesale operations level (i.e., exclusive of
petroleum marketing, gas distribution, electricity distribution, etc.), these
capital requirements %in constant 1970 dollars) for the l3-year periocd 1971-
1985 are estimated as follows:
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Billiom

Dollars
0il and Gas Production® § 92
0il Refining®* 20

0il Transportation (Marine and Domestic Pipelines) 18

Gas Transportation 21
Coal Production ]
Coal Transporation G
Nuclear Production and Processing 5
0il from Shale 0.5
Synpgas Plants 2:5
Subtotal TI7T
Electric Power Plants and
Transmission Lines 200
TOTAL g !

* Excludes foreign facilities.

This sum represents about 14 percent of the projected monresidential
fixed investment of the United States for the pariod 1871-1085.
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TABLE II

ENERGY BALANCE--INITIAL APPRAISAL
(In Trillions of BTU's)

1970 1975 1980 1985
U.S. Domestic Energy Consumption® 67,827 83,481 102,581 124,042
Projected Domestic Supply:t

0il - Conventional#® 21,048% iZ,TB9 24,323 23,405

Synthetic = = == 157

Subtotal 21,048 22,789 24,323 23,602

Gas - Conventional# £I,3085 20,430 18,030 14,960

Synthetic - iB0 570 D40

Subtotal 22,388 20,810 18,600 15,900

Caogls 13,062 16,310 19,928 23,150

Hydropower 2,677 2,540 3,033 3,114

Muclear 240 3,340 8,450 1,500

Geotharmal 7 120 343 514

TOTAL DOMESTIC SUPPLY 59,422 66,209 75,717 87,7R4
[Percent of U.5. Consumption) B7.6 79,3 73.8 70.3

impnrts Required to Balance:

0il 7.455 15,662 22,984 30,878
[(Percent of 0il Supply) 22.0 40.7 48.6 6.6

Gas 950 1,610 3,880 6,280
(Fercent of Gas Supply) 4.1 7.2 17.3 28.3

TOTAL IMPORTS 8,405 17,272 26,864 37,158
(Percent of Energy Supply) . 12.4 20.7 26.2 29.7

% As projected by the Energy Demand Task Group.

+ A3 projected by the various Fuel Task Groups: 9il and ceal adjusted to
meet demands as predicted by the Energy Demand Task Group (see Table I].
Includes Alaska North 5lope starting in 1875 for oil and 1577 for gas.
Excludes additioms to oil ([2,086) and gas (132) stocks.

Excludes BTU's consumed im conversion of coal to syngas.

Source: Coordinating Subcommittee and indicated Task Groups.
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TABLE T1I

ENERCY SUPPLY--INITIAL APPRAISAL
(In Conventional Physical Units)

1970 1875 1980 1985
Prujhc;;d Domestic Energy Supply
0il - In Million B/D
Conventional 11.3 11.1 11.8 11.1
Synthetic - - - 0.1
TOTAL IT.3 11.X IT.% 11.7
Gas - In Trillion CF ]
Conventional ! 21.82 158,80 17.47 14.50
Synthetic - 0.37 0.55 0.591
TOTAL .57 0017 18.0% I5. 41
Coal - In Millions of Short Tons
For Domestic Use® 519 651 799 833
For Export 71 92 111 158
TOTAL 4] T 910 I,EFI
Other = In Billions of EKWH
Hydro 249 271 206 Il6
Nuclear < 3] iia D36 2,067
Geothermal 0.7 12 34 51

TOTAL Y 1 T.756 7,030

Imports Required to Balance:

0il - In Million B/Dt 3.4 7.3 10.7 14.8
Gas - In Trillion CF 0.92 1.5%5 . 6.08
* Includes adjustment of million tons - 30.0 65.0 0.0
t Includes adjustment of million B/D - 0.2 0.4 0.4

Source: See Table I«
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Figure 1. U.S. ENERGY BALANCE — INITIAL APPRAISAL
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OFFICE OF THE SECRETARY C
WASHINGTON, D.C. 20240 0

<&> United States Department of the Interior

P
Y

January 20, 1970

Dear Mr. Abernathy:

A number of events affecting basic policies of government and the social
and physical enviromment of this Nation have cccurred or appear imminent
which will set the stage for a new era in the petroleum industry in the
United States. These events will have a declded impact on the Mation's
resource capability and the structure of the industry.

Because of the important and pervasive nature of the changes which may

be engendered by these events, there 1s need for an appraisal of their
impact on the future avallability of petroleum supplies to the United
States. The long-range planning and investments to sustain the petroleum
industry requires that the appralsal be projected inte the future as near
to the end of the century as feaasible.

Therefore, the Council is requested to undertake a study of the petroleum
{oil and gas) outlook in the Western Hemisphere projected inte the future
a8 near to the end of the century as feasible. This appraisal should
include, but not necessarily be limited to, evaluation of future trends
in o0il and natural gas consumption patterns, reserves, productiom,
logistice, capital requirements and sources, and national policies, and
their implications for the United States. This should draw upon Hationmal
Petroleum Council studies such as those relating to geological provinces,
manpower, technology, occean mineral resocurces and pollution, as well as
other studies that will become available from Government agencies and
industry. The Council's final report should indicate ranges of probable
outcomes where appropriate and should emphasize areas where Federal oil
and gas policies and programs can effectively and appropriately contri-
bute to the attainment of an optimum long=-term national energy posture.

Sincerely yours,
fef HOLLIS M. DOLE
Assistant Secretary of the Interior
Mr. Jack H. Abernathy
Chairman
National Petroleum Council

1625 K Strest, N.W.
Washington, D.C. 20006
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(Originally Ezhibit 3)
DEVELOPMENT OF INITIAL APPRAISAL ENERGY BALANCE

In addition to the assessment of total EnETEE requirements by the
Energy Demand Task Group, the 0il, Gas and Other Energy Resources Subcommittees
made independent assessments of the individual fuels involved (see Chapters
Three through Nine). Each group made its own judgment of the factors which
would affect demand for the particular fuel examined, including the supply of
other fuesls. The projections as to the sériotly domestic supplies available in
the period 1971-1935, given the assumptions for the initial appraisal, are
shown in Table XVII.

TABLE XW1I

PROJECTED U.5. DOMESTIC ENERGY SUPPLY=-TNITIAL APPRATSAL®
Unit: Trillien BTUs (BTU 1077}

' of i of ¥ of i oof
1970 Demandt 197% Demandt 1980 Demandy 1985% Demandt
0il Subcommittes 21,048¢ 31.1 11,789 iT.5 4,323 3.7 23,405 1.7
Gas Subcommittes 27,3884 330 0,450 4.5 18,030 17.6 14,860 1z.0
Other Energy Resources
Subcommities:
Coald 15,062 19.3 15,554 18.6 18,284 17.8 il 388 17.1
H}'ﬂrql:uuer 2677 1.9 2,840 1.4 T, 01% 1.0 I.118 1.5
Wuclear 240 a.3 3,540 §.0 9,490 9.3 21,500 17.2
Geotheraal T e 120 a.1 343 0.3 514 a.d4
Synthoetic 01l - == - — = i 197 0.2
Syntheétic Gas == - 580 a.% 570 0.5 940 Q.7
TOTAL DOMESTIC SUPPLY 59 412 B¥.6 G453 TR, A 74,073 2.2 E6, 022 G688

& Az projected by individual fuel subcommittess.
t As a percentage of totsl enevgy requirements
# Excluding sdditions to oil (2,086) and gas (132] stocks.

¥ Does not include BTU"s consumed in conversion of coal to syngas.

A further comparison of the projected consumption of energy in the
United States through 1985 with the added projections of imported supply of
energy (under continuation of current conditions without-major change) is pre-
sented in Table XVIII.
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TABLE XVIII

ENERGY TRIAL BALANCE--INITIAL APPRAISAL
Unit: Trillion BTU's (BTU 10'%)

1570 1975 1980 1985
A. Total Domestic Energy Consumption 67,827 B3,481 102,581 124,942
B. Total Projected Domestic Supply 59,422 65,453 74,073 86,022

C. Demand in Excess of Domestic Supply 8,405 18,028 28,508 38,920

0. Indicated Import Levels Derived by
Task Groups Under Initial Appraisal

Aszumptions
0il 7,455 15,284 22,163 29,997
Gas 950 1,610 3,880 6,280
Total Imports 8,425 16,894 26,043 36,277

E. Indicated Remaining Difference of
Demand Exceading Supply - 1,134 2,465 2,643

F. Remaining Difference as Percent of
Energy Demand o 1.4% z.d% 2.1%

The "indicated differences" between the total energy consumption
projected by the Energy Demand Task Group and the sum of the several fuel task
Ernups‘ individual supply projections range from 1.4 peércent to 2.4 percent of

omestic energy consumption. These differences represent energy requirements
that must be met by coal or oll, the only two fuels found to have any signifi-
cant flexibility in total supply. Considering the many parameters of fuel de-
mand and wutilization would lead to the conclusion that this demand shifting
will probably take place within the Utilitvy and the Industrial market sectors.
Most of the oil requirement would probably be met in the form of residual fuel.

The indicated differemces and their fuel equivalents are:

1975 1980 1985
DIFFERENCE--Trillion BTU's 1,134 2,465 2,643
COAL EQUIVALENT--Million Tons 45 100 105
RESIDUAL FUEL OIL EQUIVALENT--

Thousand B/D 490 1,070 1,150

In the absence of any clear-cut indications of a more accurate distribution,
the Committee arbitrarily allocated these requirements one-third to oil and
two-thirdsto coal. The resulting volumes and their relationship to base re-
quirements are:
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1975 1980 1985

OIL==-Thousand B/D 165 360 400
---Percent of Residual Fuel Demand 54 9% 94
COAL--Million Tons 50 65 70

--Parcent of Total Domestic Coal
Demand 4% 31 8%

Given the projected U.S5. energy demand shown above, and having ap-
plied the adjustments to energy supply As discussed in the immediate preceding
section, the Committee developed the Initial Appraisal Energy Supply-Demand
Balance shown as Table Il in the body of the report.
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Chapter One

ENERGY DEMAND TASK GROUP REPORT

ABSTRACT
oUTLOOK

The estimated growth rate for total U.S. energy consumption during the
eriod 1970-1985 is 4.2 percent per year. At this rate, demand will about dou-
le over the mext 15 years. Although all major markets for energy will partic-

ipate in this expansion, the electric utility market will outpace all others,
greatly increasing its relative share, as shown in Table I.

TABLE 1
FERCENTAGE SHARES OF U.5. ENERGY CONSUMPTION

Primary Ensrgy® Total Energvt
Seetar 1970 1985 la7a 1985
Residential /Commercinl 15.2 15.0 25.2 21.3%
Industrial 6.2 19.7 in.a 4.7
Transpertaticon 24,0 4.6 4,1 22,7
Electric Urilities 4.6 35.5 " "
Electricity Conversion . . 7.1 24.1
mn;?:::t{lzﬂﬂu! 8- i &8 ’IE
TOTAL lo0.010 100.04 Log.ov 100,04

& Ppimary enargy oonsumpidon reflects the combined inputs of all
fossil fuels for all r_nn:u.ing sectors sxcept elactric utilities
which additionally incorporates inputs of nuclear and waterpower.

t Fotal energy conswmpiicon differs from primary in that the
electricity output is assigned to the residential/commercial,
indostrial amd tramspertation sectors. The remaining portionm
of the electrie wtility demard, L.¢., Converaion, tramsmission
and distributien losses, is shown under the "electricity con-
version™ category.

In addition to a8 detailed analysis of market share by consuming sector,
this chapter examines the growth rate in demand by genfra hic area. An area
analysis of total energy demand indicates that growth 15 likely to be more
rapid in the southern and western parts of the United States.

BACKGROUND ARD ASSUMEBTIONS
The strong energy growth rates experienced during the past decade (4.3
ercent) and projected for the future reflect several significant developments

in the economy such as:

# Sustained economic growth with real Gross National Product (GNF) pro-
jected at an average annual rate of approximately 4.2 percent

¢ Population and number of households expected to increase by 1.1 per-
cent and 1.7 percent per year respectively



e A growing use of energy for environmental improvement.

In addition to economic and demographic assumptions, the energy projections
were based on several other important premises of a more speculative nature:

¢ Although there may be limitations omn supplies of individual energy
resources, the necessary technology to permit fuel substitution would
be develuPed. (For example, it was assumed that an economic process

for removing sulfur from stack gases would be developed by the mid-
1970's.)

® Modewately higher energy prices would probably not significantly
affect the demand for total energy.

¢ The government would not adopt policies which would significantly re-
strict the rate of increase in energy use.

¢ The various energy industries will attain levels of profitability

adequate teo attract the large amounts of capital needed to approxi-
mately double the size of industry operations in the next 15 years.

SUMMARY OF ENERGY DEMAND TASK GROUP REFPORT

SCOPE

This chapter of the National Petroleum Council study deals with "total
energy" rather than with the consumption of individual fuels and waterpower.
The nun~enerfr use of fuels also is projected to 1985 sc that the total de-
mand for fuels plus all other forms of energy can be related to estimates of
total supplies that will be available for U.S. consumption.

As in other parts of this study, the energy analysis is concerned mainly
with long-term trends, as contrasted to short-term changes such as those
caused by business cycles, abnormal weather or temporary supply difficulties.
The years selected as "benchmarks" (for quantitative evaluation) were 1970,
1975, 1980 and 1985. Although the "base year"™ 1970 has been characterized by
many unusual economic and political circumstances, it appears that the impacts
of such abnormalities will not greatly affect the long-term growth rates shown
in Table II, p. 7. The rather steady growth rates for total energy tend to
conceal many of the problems that will beset the various fuel industries.
guch grnblens, however, will be analyzed in the chapters on fuel supply and

emand .

In recognition of the fact that energy problems and policies are not
uniform threughout the country, total energy demand has been projected for

each of the five Petroleum Administration for Defense (PAD) Districts covering
the same benchmark years.

The PAD District I (East Coast) projection is divided into three Census
Divisions--New England, Middle Atlantic and South Atlantic. The East North
Central Census Division (a part of PAD District II) also is shown separately.
hllksuch geagraphical breaksnﬂns have been developed for each of the major
markets.

METHODOLOGY

As an initial step in its study, the Energy Demand Task Group examined
earlier energy forecasts bﬁ others. Based on tﬁis examination, it appeared
that a fundamental change had taken place over the past decade in the outlook
for energy. Analysis of a recent comparison of energy forecasts prepared for
the President's Office of Science and Technology showed that, as a rule, the



later the date of the forecast, the higher the level of projected energy
demand.* The highest forecast of energy consumption for 1970, which was
published in 1968, subsequently proved to be 6.5 percent below the actual
volume for that year; furthermore, all of the published long-term projections
seem to be much too conservative. For this reason, among others, the task
group decided that it was essential to obtain Erajﬂctinns of total energy de-
mand that would be more current. These were obtained from the energy studies
of seven companies (six petroleum companies and the Chase Manhattan Bank), all
of which have had long experience in energy forecasting.

The projections of total energy have been derived by analysis and syn-
thesis of the component markets, rather than by assuming a fixed relationship
batween energy demand and GNP, or some other economic index. While the energy/
GNP relationship frequently is useful, past experience in the United States
indicates that the ratio has changed from time to time (as shown in Figure 1
on the following page) and that it is not likely, by itself, to provide a firm
bazis for forecasting. However, assumptions as to the outlook for GNP and many
other economic and technological factors have been used as a framework for
developing the component market projections.

In this report, electric power is treated in two different ways: In the
"primary energy” analysis there i5 an electric utility sector which shows the
combined power plant {npute of all fossil fuels, plus nuclear power and water-
power, while other consuming sectors include fossil fuels only. In the second
method, the classification is changed so that the amounts of electricity con-
sumed by each sector are incorporated in residential/commercial, industrial
and transportation demands. In this case the electric utility sector drops
out.

The major components of primary eénergy demand are the following five
markets:

o Regidential/commereial markets for fossil fuels accounted for about
19 percent of 1970 total energy consumption in the United States.
About two-thirds of this total were used for residentizl heating, cool-
ing, cooking and water heating. The remainder was consumed for simi-
lar purposes in apartment houses, stores, hospitals, schools, hotels,
restaurants and other commercizal and public establishments.

¢ The industrial market for fossil fuels comprised 26 percent of total
energy demand. Such fuels are used primarily for manufacturing and
mining cperations.

8 Transportation consumption (which represented 24 percent of total
energy demand) includes major markets such as automotive, aviation,
railroad, and ships' bunkers, plus other minor uses.

8 Fleatrios utilities consumed almost 25 percent of the Nation's 1970
"primary energy," meaning fossil fuels and fossil-fuel equivalents of
nuclear, geothermal and waterpower. Such utility fuel consumptien
is termed fmput; the output of electricity is regarded as a "secondary”
form of energy which is sold mainly to the residential/commercial and
industrial markets where it competes with fossil fuels. The differences
between imput and ocutput represent the energy conversion losses due
to electric power generation. In addition, there are losseés in elec-
tricity transmission and distribution which amount to about B.5 per-
cent of the output.

¢ Non-energy and miscellanecus uses accounted for 6 percent of the total
primary energy materials and, therefore, must be added to energy de-
mand in order to balance supply with demand. Non-energy uses include

*Battelle Northwest, A4 Review and A Comparison of Selected United States Energy
Forecasts (December 1969).
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lubricants, asphalts, petrochemicals and other raw materials. Mis-
cellaneous includes both energy and non-energy "unaccounted for"
items.

FINDINGS
1. Total Energy

The findings of this study indicate that energy consumption probably will
grow at an average rate of 4.2 percent per year over the next 15 years, com-
pared to 4.3 percent for the 1960-1970 period. This outlook, however, is pred-
icated on important assumptions regarding environmental restraints, basic eco-
nomic trends, prices, fuel availability, capital requirements and technological
developments which will be reexamined in subseguent analyses. Although the
contributars to this study differed substantially with respect to outlooks for
several of the causal factors, the variatiom in estimates of total energy de-
mand was relatively small: All of the long-term energy growth forecasts by
individual participants showed rates of 4.1 percent or 4.2 percent per year,
except for one at 4.3 percent and one at 3.8 percent.

The projection of real GNP was one of the items on which there was a
considerable difference of opinion within the task group. Although the range
of projections of real GNP was somewhat greater than that for energy growth,
the task group consensus of a 4.3-percent gain annually through 1975 is gener-
ally consistent with the forecast of the Council of Economic Advisers. It is
expected that this rate will gradually decline thereafter to 4 percent during
the 1980-1985 period. Overall total energy consumption is projected to grow
at about the same rate as real GNP.

There are two major reasons for expecting a leveling in the long-term
declining trend of the energy/real GNP ratio: As illustrated by Figure 2
(p. 6 ), electricity will provide a growing proportion of the final consumption,
which will tend to increase the use of primary energy for conversion purposes.
Second, more severe environmental controels will require a considerable increase
in the use of energy. (It has been assumed that the technology necessary for
meeting environmental standards will be developed.)

Population and other demographic trends were used to forecast energy de-
mand in some individual sectors. In the judgment of the task group, U.S.
population growth during the forecast period will increase at a relatively
slow rate, such as that projected by the Bureau of the Census' Series D. The
population growth rate of Series D is only about 1.1 percent annually; however,
the labor force and household formations will be expanding at the higher rate
DfSE;? percent, reflecting the high birth rates of the late 1940's and the
19 5.

. FEnergy Consumption by Wajor Marketas

The following discussion of individual energy markets will be based eon
the projections in both Table II (p. 7), which deals with primary energy, and
Table III (p. 8), which incorporates electricity into the consuming sectors
where it is used. As an item of special interest, the fuel equivalents that
are used up in the process of generation and transmission of electric power
have been summarized in Table I under the category, "electricity conversion,”
although they might just as well be classified under "industrial"™ along with
someé of the other types of energy conversion losses.

Tables II and III bring out a number of salient trends in energy consump-
tion over the 15-year period 1970-1985. These trends include (1) a rising
abgolute volume of demand for all major markets as measured in BTU's;

(2) deciining consumption shares for all but two major users as shown in

the percentage breakdown figures; (3) a rising share of BTU's lost in the
process of converting other fuels into delivered electricity; and (4) strong
growth rates, generally tapering off a bit toward the end of the period.
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a. Residential/Commercial

Many of the factors that have caused this sector to grow at a rate of 4
percent per year over the past decade (as shown in Table III) will be operating
in the future. Large increases are expected in new households, labor force
and family income plus a continuing shift of population to the suburbs or to



TABLE II

U.5. PRIMARY ENERGY CONSUMPTION PROJECTION
BY CONSUMING SECTORS

U.5. Primary Energy* Consumption in Trillions of BTU's

Sector 1960 1970 1878 1980 1985
Residential /Commercial 9,426 12,994 14,733 16,669 18,768
Industrial 13,056 17,798 an, 039 22,341 24,667
Transportation 10,817 16,282 19,905 23,870 26,214
Eleceric Utilities B,IR7 16,695 23525 32,996 44,363
Nen-Energy & 2,918 4,058 5,279 6,705 B,930
Hi;cn%laneuus
TOTAL 44,602 67,827 83,481 102,581 124,542
Average Annual Percent Change in U.5. Primary Energyt Consumption
Igﬁﬁ—ﬁs
Sector 1960-70 1970-75 1375-80 1980-85 Projection
Besidential/Commercial 1.3 2.6 2.5 2.4 2.8
Industrial 51 2.4 2.8 2.0 2l
Transportation 4.2 4.1 3.7 3.4 L )
Electric Utilities 7.2 7.1 7.0 6.1 6.7
Mon-Energy § 3.4 5.4 4.9 5.9 5.4
Mizcellaneous
TOTAL 4.34 4.24% 4.2% 4.0% §.2%
Percentage Breakdown of U.S. Primary Energyt Consumption
Sector 1960 18790 1975 1980 1985
Residential /Commercial 21.1 19.2 17.6 16.2 15.0
Industrial 29.3 26.2 24.0 21.8 19.7
Transportation 24.3 24.0 23.9 23.3 22.6
Blectric Utilities 18.8 24.6 8.2 32.2 35.5
Hﬁu-Enurif & 6.5 6.0 6.3 6.5 T.2
Miscellaneous
TOTAL 100.0% 100,04 100.0% 100.0% 100.0%

* Jncludes fossil-fuel consumptions in esach sector. The nuclear and
water power outputs are converted to fossil-fuel input equivalents
it average central station heat rates and are incluged in the electric
utility sector.

Source: The historical volumes are from the U.5. Bureau of Mines, except
for the 1970 electric utility estimate which is based on Federal Power
Commission data for 1970, The BTU conversion factors also are from the
Bureau of Mines except for modifications in the bituminous coal factors
a5 follows: Electric utility coal is calculated at 24 million BTU's
per short ton and all other bituminous at 26.2 millionm BTU's per ton.




TABLE III
U.5. TOTAL ENERGY CONSUMPTION PROJECTION BY CONSUMING SECTORS®

U.5. Total Energy Consumption im Trillions of BTU's

Sector 1860 1870 1875 1980 1985
Regidential/Commercial 10,688 15,761 18,827 22,389 26,598
Industrial 14,362 20,056 23,193 26,774 ip,921
Transportation 10,835 16,313 19,948 23,937 28,331
Mon-Energy &
Miscellaneous 2,916 4,058 5219 6,705 B,930
Electricity Conversion 5,801 11,639 16,234 22,776 30,162
TOTAL 44,602 67,827 83,481 102,581 124,942
Average Annual Percent Change in U.S. Total Energy Consumption
1970-85
Sector 1960-70 1970-75 1975-80 1380-85 Frojection
Residential/Commercial 4.0 3.6 3.5 3.5 5.6
Industrial 3.4 2.9 2.9 2.9 z2.9
Transportation 4.2 4.1 3.7 3.4 .7
Hon-Energy &
Hiscelfnnenus 3.4 5.4 4.9 5.9 5.4
Electricity Comverszion Tad 6.9 7.0 5.8 6.6
TOTAL 4.34 4.2% 4.2% 4.0% 4.2%
Percentage Breakdown of U.5. Total Energy Consumption
Sector 1960 1970 1975 1980 1985
Residential /Commercial 24.0 252 22.6 21.8 £1.3
Industrial 3&.3 9.6 27.8 6.1 24.7
Transportation 24.3 24.1 2%.9 23.4 22.7
Non-Energy §
Miscellaneous 6.5 6.0 6.3 6.5 7.2
Electricity Conversion 13.0 17.1 159.4 22.2 24.1
TOTAL 100.0% 100.0% 100.0% 100.0% 100.0%

Table III differs from Table II in that electricity is included in the
appropriate consuming sector. The conversion factor assumed for the use
of electricity in each consuming sector is 3,412 BTU's per KWH, and the
energy used by utilities for gemeration and transmission of electricity
is shown in the electriclity conversion category. Of course, there are
other instances of energy conversion but these are included in the
appropriate consuming sector.

Source: The historical volumes are from the U.5. Bureau of Mines except for

the 1970 electric utility estimate which is based on Federal Power Commis-
sion data for 1970. The BTU conversion factors also are from the Bureau
of Mines except for modifications in the bituminous coal factors as
follows: Electric utility coal is calculated at 24 million BTU's per
short ton and all other bituminous at 26.2 millionm BTU's per ton.




satellite towns. Shopping centers, service facilities and recreational
activities are expected to expand rapidly, all of which will help to stimulate
the growth in energy demand.

On the other hand, several new conditions will tend to retard the growth
in this energy market: (1) The population mix is trending toward larger pro-
portions of young adults, (2) new families are becoming smaller, and (3) costs
of land and construction have risen substantially. These factors suggest that
the recent trend toward smaller dwelling units will continue through the de-
cade of the 70's. It is expected that new housing units will include a much
larger proportion of apartments, in sharp contrast to conditions of the past
20 years when most new units were single-family dwellings.

The net result of these factors indicates that residential/commercial
energy consumption (including electricity) will increase 3.6 percent annually
over the l5-year forecast period, although its share of total energy will de-
cline from 23.2 percent in 1970 to 21.3 percent by 1985. For fossil fuels only
(Table II), the projected growth rate is 2.5 percent annually, with its share
declining from 19.2 to 15 percent during the period.

b. Industrial

The growth in the industrial energy market shows a changing relationship
to the level of industrial production. During the period 1947-1967, the in-
dustrial use of fossil fuels grew at a rate of less than one-half the indus-
trial production growth rate, because of rapid improvements in the efficiency
of fuel use and relatively larger purchases of electricity from utilities.

Beginning about 1968, however, the ratio of industrial fossil fuel con-
sumption to the Nation's industrial output increased markedly. For the last
5 years, fuel demand advanced 3.8 percent per year whereas industrial produc-
tion grew at a rate of only 2.2 percent. Although there are a number of causal
factors, the following are believed to be the main reasons for departures from
the long-term historical relationship:

¢ Efforts to eliminate industrial pollution of water and air were
accelerated, which required additional energy use in manufacturing
and mining operations.

# Energy-intensive industries recently enjoyed relatively high growth
rates.

[ ] Energ; consumption was less sensitive to the business cycle downturn
in 1970.

Balancing the many facters working toward fuel economy against those re-
quiring greater consumption of energy, the task group projected industrial
consumption at a somewhat lower rate than was experienced during the past de-
cade. Industrial cansumﬁtinn of primary energy is projected at gradually
declining growth rates that average 2.2 percent over the next 15 years,
Expressed in terms of market share, the industrial component of total pri-
mary energy demand is estimated to decline from 26.2 percent in 1970 to 18.7
percent in 1985. The decline in market share is smaller, i.e., Z9.6 percent
to 24.7 percent when electricity is included in this consuming sector. In this
case the estimated demand growth rate is higher, i.e., 2.9 percent per year.

¢. Transportation

Since energy requirements for transportation in the United States are
supplied almost entirely by oil, the detailed analysis of demand will appear
in the 0il Subcommittee Report. This section will review some of the more
general economic factors that determine the size of wvehicle population, con-
sumption per vehicle and other parameters of transportation demand.



Electricity is a very minor item in total transportation demand and does
not affect the long-term projections, either in terms of growth rates or market
share.

What were the main reasons for the fairly high growth rate (4.2 percent)
for transportation energy consumption during the decade of the 1960's? A rapid
growth in personal income has been a very important factor because it provides
the means for increases in numbers of vehicles, larger cars, more power acces-
sories and more travel miles--both by car and by aircraft.

Demographic patterns alsc have played significant roles in transportation
trends. The dispersion of urban population from the city core into suburban
rings has greatly expanded the need for transportation. Since this need could
not be fully served by mass transit systems, urban change has created a sub-
stantial need for car ownership, both single and multiple, with an attendant
inerease in travel mileage. The age distribution of the population--in this
case, a large increase in the "driving age" group during the 1%60's--also
added to the pressure for more cars-in-use and car-miles.

These demographic and economic trends are expected to continue during the
next 15 years, but at somewhat reduced rates. Little change is foreseen in
the trend toward & more widely dispersed urban population and, hence, in the
need for private transportation. The programs for mass transit systems that
have been developed or proposed are not of sufficient magnitude to affect sig-
nificantly the need for automobiles before 1980. In fact, such mass transit
systems can do little more than relieve extreme road and street congestion in
Some areas.

A variety of other factors also will affect the growth rate of motor fuel
demand. Among those tending to increase motor fuel consumption, perhaps the
most important are the proposed antipollution devices and, to a much lesser
extent, additional power accessories on vehicles. The expected trend toward
smaller, more economical cars will work in the opposite direction.

Apart from motor vehicles, the other major component of transportation
energy is civilian aviation demand. It is expected that consumption volume
will increase more rapidly in the future than in the past; however, the base
is becoming so large that the percentage growth rate will gradually taper off
to about 6 percent per year by 1985. For the entire 1970-1985 period, the
average annual growth rate for civilian aviation demand is estimated at
approximately 8 percent.

After examining the above-menticoned factors and many others, the task
group concluded that the energy consumption of the transportation sector would
experience growth rates of 4.1 percent, 3.7 percent and 3.4 percent for the
periods 1970-1975, 1975-198B0 and 1980-1985 respectively. Since these growth
rates are lower than those projected for total energy demand, the transporta-
tion sector declines in relative share from 24.1 percent in 1970 to 22.7 percent
in 1985.

d. Electric Utilities

Electric utilities now rank second in size among the energy consuming
sectors shown in Table II, with about 25 percent of the 1970 total primary
demand for energy. During the decade of the 1960's, the average annual increase
in electricity sales, measured in kilowatt hours (KWH), was 7.4 percent while
the fuel input growth rate was 7.2 percent--indicating that there was a small
improvement in the electric generating and transmission efficiency.

The residential/commercial market is the utilities' largest customer for
electricity and it offers the best prospects for future growth, especially in
space heating and cooling. The industrial market for electricity is mearly as
large and it also presents many growth opportunities. For the next 15-year
pericd, the task group projected an average annual growth rate of 7.2 percent

= 10 =



for total electricity requirements. Since the "heat rate" (i.e., number of
BTU's required to produce 1 KWH, which is a rough inverse measure of fuel
efficiency) is estimated to decline by a total of about 7 percent during the
period, the growth rate for primary energy input by utilities is about 6.7
percent. The utilities' projected share of total energy is 35.5 percent, or
nearly 11.0 percentage points higher than 1970.

In order to achieve such a growth rate, the electric utility industry
will have to surmount a growing number of environmental roadblocks. The pro-
cesses for securing rights-of-way for transmission line corriders and new sites
for generating plants are becoming more lengthy and difficult. The projections
shown in this report have assumed that public authorities and the utility in-
dustry will jointly improve, rationalize and expedite their methods of ob-
taining approval for new facilities.

The capital requirements for such a 15-year expansion will be huge--
amounting to over $200 billion (in 1970 dollars) for generation and trans-
mission. This is about three times the industries' total current (undepre-
ciated) investment and more than three times the industries' total capital
expenditures of the past 15 years. In addition, about §100 billion will be
spent on distribution facilities.

¢. Non-Energy and Miscellaneous

The non-energy sector includes all fossil fuels (chiefly petroleum) that
are used as raw materials in the manufacture of chemicals and fertilizers,
lubricants, greases, asphalts, coatings and similar products. The miscella-
neous portion includes both energy and non-energy "unaccounted for" items.

The future growth rate for the total sector is estimated at 5.4 percent
per year, on the average, and the fast-growth components are petroleum and
natural gas used as chemical feedstocks. Based on this growth rate, the non-
?neiggﬁﬁhnre of total energy will rise from 6 percent in 1970 to 7.2 percent

n L

3. Consumption by CGecgraphical Areas

As an aid in identifying special energy problems that may differ among
regions of the United S5tates, energy projections have been developed for each
of the five PAD Districts (see Table IV) and for selected Census Divisions
(see Table V). The consuming sector breakdowns for each district are based
on the primary energy classification described in Table II.

Although total primary energy demand will grow in all districts and in all
consuming sectors, there are several significant geographical differences rela-
tive to the U.5. total. While PAD District I, in total, will grow at a slower
pace than that of the Nation, it will be a composite of contrasting trends in
New England, Middle Atlantic and South Atlantic subareas. Based on the expecta-
tion of a continuing shift of population, commerce and industry toward the South,
the South Atlantic energy consumption outlook is for significant increases. New
England and the Middle Atlantic, on the other hand, are expected to show relative
declines in all consuming sectors.

The share of energy consumption in PAD District Il (Middle West) is ex-
pected to decline in most markets while the District III (Southwest) share
probably will be trending upward. As a result of population movements west-
ward to the Mountain States and the West Coast, increasing shares of energy
demand are projected for Districts IV and V.

- 11 -



TABLE 1V
PAD DISTRICTS

GEOGRAPHIC BREAKDOWN OF U.S5. PRIMARY ENERGY CONSUMPTION FORECAST

BY CONSUMING SECTORS

(Trillions of BTU"'s)

District I
Fesidential/Commercial
Industrial
Transportation
Electric Utilities
Non-Energy § Miscellaneous

TOTAL

District 11
esidential /Commercial
Industrial
Transportation
Electric Utilities
Nom-Energy § Miscellaneous
TOTAL

District III
Residential fCommercial
Industrial
Transportation
Electric Utilities

Non-Energy § Miscellaneous
TOTAL

District IV

Residential /Commercial

Industrial

Transportation

Electric Utilities

Non-Energy § Miscellaneous
TOTAL

District ¥

Residential fCommercial

Industrial

Transportation

Electric Utilities

Non-Energy § Miscellaneous
TOTAL

1970

5,211
4,716
5,552
5,576

T87

]

5,120
6,336
5,178
5,626
1,023

71,743

1,040
4,681
2,231
2,321
1,806

12,079

376
516
488
467
101

1,247
1,549
2,833
2,705

41

1975

5,790
5,190
6,808
7,951
955
26,699

5,820
6,994
6,230
?15?5
1,283

77,502

1,223
5,380
2,707
5,482
2,508

15,310

442
601
597
659
116

1,458
1,864
3,563
3,858

417

1980

6,417
5,652
8,164

11,285
1.140

6,618
7,641
7,424
10,262
1,576

1,434
6,188
3,222
5,048
3,559

517
715
716
924
134

k]

1,683
2,145
4,344
5,477

496

1985

7,019
6,044
9,621
15,261
1,607

7,507
8,387
8,690
13,486
2,063

1,689
7,030
3,781
6,921
4,465

620
789
875

1,242
170

1,933
2,417
5,247
7,453

G625
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TABLE V

SELECTED CENSUS DIVISIONS
GEOGRAPHIC BREAKDOWN OF U.S5. PRIMARY ENERGY CONSUMPTION PROJECTION
BY CONSUMING SECTORS®
(Trillion BTU's)

1970 18975 1980 1985
New England
Residential fCommercial 1,042 1,141 1,249 1,341
Industrial 297 311 322 S0
Transportation T6L a19 1,004 1,280
Electric Utilities 647 a4 1,155 1,496
Mid-Atlantic
Residential /Commercial Z,892 3,213 3,572 3,895
Industrial 2,782 3,031 3,267 3,469
Transportation 2,337 2,805 3,249 3,685
Electric Utilities 2,364 3,282 4,388 5,692
South Atlantic
Residential/Commercial 1,277 1,436 1,596 1,783
Imdustrial 1,627 1,848 2,063 2,249
Transportation 2,854 3,084 F,821 4,656
Electric Utilities 2,565 3,835 5,742 8,073
East North Central
Residential /Commercial 3,404 3,860 4,401 5,011
Industrial 4,414 4,689 4,960 5,303
Transportation 2,877 3,529 4,227 4,963
Electric Utilities 3,189 4,187 5,675 7,276

* Note: Energy consumption in these Census Divisions is not
totaled because a breakdown of non-energy and miscellaneous
uses is not available.
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Chapter Two

OIL DEMAND TASK GROUP REPORT

ABSTRACT

Total domestic o0il demand is estimated to increase from 14.7 million
barrels per day (MMB/D) in 1970 to 26.0 MMB/D in 1085, an average annual in-
crease (AAL) of 3.8 percent compared with that for total energy of 4.2 percent.
The forecast demand for each main product group is shown in Table VI.®

TABLE VI
U.5. PETROLEUM DEMAND BY PRODUCT
(MB/D)
AAT %
1970 1975 1980 1985 1970-85
Motor Gasoline E,785 £,950 8,200 9,200 3.1
Kerosine Jet 720 1,168 1,747 2,404 8.4
Distillate 2,512 2,931 3,386 3,728 2.7
Residual Fuel 0il 2,235 3,068 5,833 4,272 4.5
Other 3,470 4,229 5,163 6,373 4.1
TOTAL 14,722 18,346 22,329 15,977 3.8%

Elight;y more than half of oil demand is in the transportation sector.
Projected o0il demand by major consuming sector is shown in Table VII.*

Geographic breakdown of oil demand is influenced primarily by the distri-
bution of population. The domestic demand is projected by geographic units
in Table VIII.*

As a proportion of total Free World oil demand, U.S. demand will fall
from 36.7 percent im 1970 to 30.9 percent im 1530.

Fhetailed demand figures shown in this Abstract and in Chapters Two and Four
de not include the increases in residual fuel oil demand reported in Volume
One (see Extract in this Volume) to reconcile task group predictions of oil
demand to the projections of total energy demand. These increases are 165
MB/D in 1975, 360 MB/D in 1980 and 400 MB/D in 1985.

= 1585 =



TABLE VII
U.S. PETROLEUM DEMAND BY SECTOR
[(MB/D)
AAT %
1970 1975 1980 1985 1970-85
Transportation 7,838 9,647 11,774 13,801 3.8
Residential/Commercial &,607 ?,808 3,104 5,299 1.6
Industrial 1,500 1,839 2,256 2,683 4.0
Utilities 910 1,697 2,345 2,665 7.4
Petrochem Feedstocks BLE 1,163 1,586 2,089 6.5
Other 1,049 1,102 1,264 1,440 2.1
TOTAL 14,722 18,346 22,329 125,977 3.8%
TABLE VIII
U.S5. PETROLEUM DEMAND BY PAD DISTRICTS
(MB/D)
AAT %
_1970 _1973 1980 1985 1970-85
District I 5,894 7,475 9,007 10,287 3.8
District II 4,110 4,982 5,999 6,895 3.5
District II1I 2,369 2,960 3,643 4,374 4.2
District IV 397 490 595 710 3.9
District V 1,952 2,430 3,085 5,711 4.4
TOTAL 14,722 18,346 22,320 25,977 5.8%

SUMMARY OF OIL DEMAND TASK GROUP REPORT

The 0il Demand Task Group projected demand for oil by market, geographical
area and individual oil product, maintaining consistency with the guidelines
provided by the Energr Demand Task Group.* The 0il1 Demand Task Group also
Es%e iEs own independent assessment of the supply of other fuels in each mar-

et and area.

*See Extract, supra, p. zziv, for discussion of demand pruiectinns and adjust-
ments made by the Coordinating Subcommittee in preparing initial appraisal
supply/demand balance.
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ASSUMPTIONS

Among the more important assumptions concerning the supply and demand of
alternative fuels were that:

@ 0il, despite an increasing proportion of imports, would not suffer
from supply constraints and would therefore maintain or increase
participation in markets, particularly electricity generation, where
constraints on the supply of competing fuels were assumed.

¢ Potential gas demands are in excess of potential supply, and some de-
mand would therefore have to be met by alternate fuels.

¢ The development of coal and nuclear sources of energy would be in-
hibited by environmental concerns and long lead times.

In developing these estimates it was assumed, as in other parts of the
study, that existing U.5. policies would be unchanged, except that sufficient
o0il imports were assumed to be available te supplement domestic supplies as
required.

TOTAL PRODUCT DEMAND

Demand for petroleum products is projected to rise to almost 26 MME/SD hy
1985,* or an increase of 77 percent from today's requirements of about 14.7
MMB/D. This represents a compounded annual average rate of growth of 3.8
Eernent for the next 15 years compared with a 4.2 percent for all energy. The

orecast growth rate for oil is slightly lower than the rate of 4.1 percent
which prevailed over the last two decades.

1. Motor Gasoline

Motor gasoline is and will continue te be the single largest petroleum
product on the basis of volume. In fact, demand for this one product will
reach 9.2 MMB/D in 1985, or 3.4 MMB/D more than in 1970 (59-percent increase).
Motor vehicle registration forecasts obviously pley a significant role in
arriving at the forecast for gascline demand. These registrations will reach
178 million by 1985 compared to 109 million in 1970. At the same time, the
move to smaller cars will accelerate. By 1985, it is expected that 4 million
of the 178 million registered vehicles will be electrically propelled. But
concurrent with this change will be offsetting factors of adsed comfort equip-
ment and pollution control equipment that result in increased consumption of
gasoline per conventional car.

Until recently, two grades of leaded motor gasoline have been the primary
products of the petroleum industry. By 1975, however, forecasts of future
motor gasoline indicate that the premium and regular fuels of today will be-
come low- and/or no-lead fuels. Similar dramatic changes will be observed in
the octane requirements of the vehicles forecast to be on the road in the
future. 1In 1980 only 12 percent of the vehicles on the road will be of pre-
1571 vintage. About half of these will be cagable of using the improved (52-
93 octane) lead-free gasoline. When these older cars are combined with the
post=-1970 vintage vehicles, 94 percent of the total 1980 fleet can burn lead-
free gasoline. By 1985 almost 97 percent of the total fleet will be post-1870
models (172 million vehicles); all which are powered by gasoline (168 million)
will be capable of using lead-free fuel.

*Excluding upward adjustments made by the Coordinating Subcommittee. See
Extract, supra, pp. zziv-zzv, for details.
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&. Jet Fuels

An increasing desire on the part of Americans for air travel, for plea-
sure as well as business, will result in a kerosine jet fuel growth of over
8 percent per annum from 720 thousand barrels per day (MB/D) in 1970 to Z.4
MMB/D in 1985. These increases may be somewhat surprising in view of current
air congestion and ground transportation delays in and around some airports.
Here the important fact is that these density factors apply to some, not all,
girports. Indeed, 39 peéercent of the kerosine-type jet fuel is used in PAD
District I and one-half of this is in the Middle Atlantic states. But there
are numerous airports along the East Coast. A similar situation exists on the
West Coast where the demand for kerosine jet fuel is about 30 percent of the
total U.S. demand.

3. HReetdual and Distitillate Fuels

Because of recent sulfur pellution regulations, together with a gain in
electric demand of more than 7 percent per year, more and more residual fuel
oil is required. This demand, in fact, will result in almost a twofold in-
crease in the demand for residual fuel oil (frem 2.2 MMB/D in 1970 to almost
4.3 MMB/D in 1985) over the next 15 years.

At the same time, demand for distillates is also growing rapidly. Most
of the new demand is for heating purposes and for vehicles, especially diesel
trucks, but a considerable portion is also to meet new peak shaving electric
needs., For utilities, demand for distillate fuel o0il is expected to climb
substantially, growing from 66 MB/D in 1970 to 250 MB/D hy 1985.

Total fuel requirements in the household and commercial market are ex-
pected to increase from 15.8 quadrillion BTU's inm 1970 to 26.6 quadrillion
BTU's by 1985, a growth rate of 3.5 percent per year. Within this combined
market, households use about 70 percent of the natural gas and nearly 60 per-
cent of the electricity that is consumed.

Toe understand the impact of electrical heating on the demand for petroleum
products in the residential and commercial markets, it is necessary to bear in
mind the concept of the total fuels required to meet these energy needs. Al-
though a switch to electric heat might cause an apparent reduction in oil de-
mand for household heating, it actually results in relatively little change in
the total petroleum energy required. While direct heating oil consumption
would be reduced, this would be largely offset by increased consumption of re-
sidual or distillate fuels in the generation of the increased electricity de-
mand. The actual net effect on the total energy consumption would vary from
circumstance to circumstance depending upon the relative impact of such factors
as the fuels actually consumed by the individual electric uwtilities, the affi-
ciency of the specific electric generation stations, as well as the relative
efficiencies of the electric versus oil residential heating units, the effec-
tiveness of insulation and other heat loss characteristics of the dwellings
involved.

The surge in demand for electricity within the residential/commercial mar-
ket will result from two major factors. First, large increases of young mar-
ried couples (20 to 29 years of age) in the total population will bolster de-
mand for electric heat. A recent survey shows that 44 Eercent of 18- to 29-
year-olds would prefer electric heating, whereas less than 35 percent of those
over 30 years of age indicated a preference for electric heat. Second, a large
increase in air conditioning is predicted, since only about 40 percent of ex-
isting households now have such units. This trend will be further accelerated
by continued growth of the population in the "sun belt™ (e.g., Southeast,
Southwest and Pacific Coast states].

In the coming years there will be significant changes in product quality,

particularly in sulfur specifications, to meet more stringent environmental
standards. It is likely that changes in sulfur dioxide emissions regulations
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Will create very large increases in the demand for low-sulfur fuels. On the
East Coast, utility residual fuel o¢il demand has scared from 430,000 barrels
daily in 1968 to 780,000 barrels daily in 1970, an Bl-percent increase in only
2 years, The Middle West (PAD District II) increased its residual fuel oil
use from 13,000 barrels daily in 1968 to over 39,000 barrels daily in 1970.

These trends, slightly modified, will continue and place new demands on refin-
ery capacity and complexity.

This discussion of demand is based on existing or recently enacted Air
Quality Regulations. If this trend spreads to other sections of the United
States, which is believed likely, not only will even heavier demands be placed
on petroleum fuels as a result of additional new Air Pollution Control Regula-
tions, but these demands will be further intensified by shortages of other
energy sources (such as gas) and/or delays in developing nuclear power. To
the extent that future supply of natural gas is not sufficient to meet premium
demands in the residential/commercial mﬂriets and industrial requirements, o0il
demands will be even greater than those presented in this chapter.™ As dis-
cussed in the Supply and Logistics Section, major obstacles must be overcome
to meet the petroleum grﬂdutts demand as projected, without even considering
the potential impact of further revisions in environmental regulations or from
shortages of natural gas.

4. Other Products

Demand for petroleum liquids as a raw material for manufacture of petro-
chemical derivatives and other so-called non-energy uses is a small but rap-
idly growing share of the total demand for petroleum in the United States--
from 9.8 percent in 1960 to 11 percent in 1970 to 13 percent by 1985. Asphalt
and road oil demand has also been strong, up 3.8 percent per annum in the past
10 years. Similar growth, resulting in part from completion of the interstate
highway system by the end of 1978, is forecast for the 1870's and 1980's (for
resurfacing, widening and safety improvements). A summary of the demand for
these and other non-fuel products is shown in Table IX.

TABLE IX
DEMAND FOR OTHER NON-FUEL PRODUCTS
(MBE/D)

1970 1975 1980 1985
Lubricants 135 149 165 183
Asphalt and Read 0il 440 560 673 806
Petrochemical Feedstocks 818 1,163 1,586 2,089
Other 201 221 244 269
TOTAL 1,594 2,083 Z,668 3,347

*See Extract, esupra, pp. zxiv-zxv, for discussion of demand projections and
adjustments made by the Coordinating Subcommittee.
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DEMAND BY REGION

Recent trends in regional demand growths are projected to continue along
the same general lines. Thus, demand for most products will continue to grow
somewhat faster in the South and West than in the Middle Atlantic and New
England areas.

The projected development of petroleum demand by PAD Districts is set
out in Tables X and XI.

TABLE X
FETROLEUM DEMAND BY PRODUCT--DISTRICT I
(MBS

1965 1970 1975 1980 198%
Motor Gasaline 1,578 2,003 .E,lll]ﬂ I,BII'.] 3,140
Aviation Gasoline 11 13 11 14 19
Naphtha Jet a4 &7 11} 58 54
Kerosine Jet 119 280 451 672 922
Kerosine 141 122 115 116 142
Distillate 1,087 1,273 1476 1,689 1,837
Residual 1,072 1,640 2,529 Z,. 776 3,012
LPG B& 12% 166 08 263

Petrochemical
Feedstocks 57 o 108 154 200
Asphalt § Road 0il 113 119 137 165 197
Coke 30 3 32 55 83
Lubricants A6 33 5B 65 T2
Spec. Naphtha i3 FA 15 i8 31
Wax 5 & 7 9 11
Mizcellaneous® (1&) 10 11 12 13
5till Gas 56 58 il 126 159
TOTAL 4,521 5,094 T.475 9,007 10,287

* Includes crude lesses and other losses unaccounted for.

TABLE X1
PETROLEUM DEMAND BY PRODUCT--DISTRICT II
[(ME/SD)

1945 1970 1975 1980 1585
Motor Gasoline 1,635 2,025 2,405 2,835 3. 180
Aviation Gasoline F1 12 in 14 18
Haphtha Jet 47 41 38 36 54
Kerosine Jet Tl 152 243 161 a3
Kerosine 99 ] &7 87 151
Distillate 630 754 BES 075 1,065
Residual 189 211 296 420 483
LFG 201 07 $00 475 561

Petrochemical
Feedstocks a4 T8 113 163 2Z0
-HEIHIT. & Road Dil 131 160 Fali] 25 199
Coke 7 ¥ B o7 107
Lubricants a0 [ ¥ a5 0 L1
Spec. Naphtha 20 21 22 24 27
Wax 2 3 4 5 &
Miscellaneous® {16 aw - 1 i
S5till Gas 113 135 158 194 Z13
TOTAL 5,504 4,110 4,987 5,999 & 895

& Includes crude losses and other losses unaccounted for.




TARLE XII

PETROLEUM DEMAND BY PRODUCT--DISTRICT III

{MB/D)

1965 16870 1425 1980 1985
Motor Gasoline 566 733 qo0 1,080 1,240
Aviation Gasclineg 32 15 12 15 20
Naphtha Jet 40 35 32 30 B
Kerosine Jet 33 55 21 138 194
Kerosine 17 44 47 54 T4
Distillate 134 175 215 266 307
Residual 69 g8 100 151 180
LFG 140 199 132 272 310

Petrochemical
Feedstocks 387 635 392 1,162 1,492
Asphalt § Road 0il 53 71 95 109 131
Coke 73 73 B2 BO 93
Lubricants 22 21 24 ] £4
Spec. Naphthas 28 2B 10 313 16
Wax F A 3 4 4 5
Miscellaneous® 102 28 Fi 9 30
5till Gas 124 166 176 184 205
TOTAL 1,822 2,369 2,960 3,643 4,374

®# Tncludes erude losses and other losseés unaccounted for.
TABLE XITI
PETROLEUM DEMAND BY PRODUCT--DISTRICT IV
(MB/D)

1965 15970 1975 1980 19A5
Motor Gasoline 141 171 205 235 270
Aviation Gasoline 4 ) 2 3 5
Naphtha Jet 7 7 ) ] 5
Kerosine Jet q 20 33 49 649
Kerosine T 3 B 10 14
Distillate 60 72 &89 111 130
Residual 30 31 39 50 59
LPG 18 8 16 46 5B

Petrochemical
Feeds tocks == 1 1 ] s
Asphalt § Road 01l 24 29 36 44 52
Coke (] T 9 10 12
Lubricants 5 /] 7 8 L
Spec. Maphthas 1 1 1 1 1
Wax e b ok = i
Miscellaneous® {20) 2 z z 2
Still Gas 12 12 _18 18 _22
TOTAL 04 07 490 595 710

& Tneludes crude losses and other lesses unaccounted for,
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TAELE XIV
FETROLEUM DEMAND BY PRODUCT--DISTRICT V
[MB/D)

1965 1970 1975 1980 1985
Motor Gazoline 678 853 1,040 1,230 1,370
Aviation Gasoline 9 13 13 17 22
Haphtha Jet &0 W4 g3 B0 77
Kerozine Jet 102 213 350 526 Ti6
Kerosine 3 3 5 8 26
Distillate 215 238 -1 145 189
Residual 248 IG5 304 436 538
LPG L1 43 55 72 114

Fetrochemical
Feadstocks 20 14 48 65 BE
Asphalt § Road 011 a7 6l B2 103 127
Coke 16 0 26 33 40
Lubricants 16 13 14 16 17
Spec. MNaphthas 10 13 14 15 16
Wax 1 1 1 2 2
Miscellaneous® = 7 10 11 15
Still Gas 66 Bl 108 126 14%
TOTAL 1,562 1,852 2,439 3,085 31,711

®* Includes crude losses and other losses unaccounted for.

FOREIGN DEMAND

Consumption of energy outside the United States must be considered in
order to permit viewing U.S5. needs in proper perspective. As the United
States becomes increasingly short of indigenous supplies, U.S. markets will
need to compete with Free Foreign markets for the available foreign supplies.
A projection of Free Foreign demand by product was made, assuming no major
changes in each country's governmental policies or economic parameters from
those which existed prior to the February 1971 OPEC settlement. Resulting
Free World population, energy and oil demand are summarized in Table XV.

While the Free World outside the United States is over ten times greater
in population than the United States, per capita energy consumption is much
lower. Accordingly, total energy and o0il consumptions of the Free Foreign
area were only 57 and 63 percent of the world total in 1970. These Free
Foreign energy and oil demands are both Erujﬂcted to continue to grow at much
faster rates than in the United States (6.1 and 6.6 percent versus 4.2 and
3.8 percent, respectively) as a result of more rapid growth in population and
per capita consumption. By 1985 Free Foreign demands for energy and o0il will
have increased to 62 and 60 percent respectively.

Despite wide difference in the petroleum product demand pattern among
countries making up the Free Foreign area, the aggregate composition of the
Free Foreign demand barrel is projected to remain nearly the same, except for
a slight decrease in the proportion of aviation fuels/distillates and a slight
increase in the proportion of residual fuel oil (see Table XVI). This con-
trasts with the B.S. situation where the naphtha/pasocline proportion is near
40 percent, while residual fuel oil constitutes a much lower proportion (15
percent in 1970) but iz forecast to increase to over 17 percent by 19B0.

On the average, the product distribution of Free Foreign demand is a reason-
ably good match with the distillation yield of products from average foreipgn
crude oil.
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TABLE XV
FREE WORLD POPULATION AND ENERGY AND OIL DEMAND

Fopulation
1570 1980
illions o ota illions o ota
Fres World ex U.5. 2,257 91.7 2,779 92.4
u.5. 205 B.3 228 7.6
Total Free World Z,462 100.0 5,007 100.0
Energy (oil eguivalents]
1970 1980
o ota O ota
Free World ex U.5. 42.5 57.0 T8.7 61.9
U.s. 32.0 43.0 48.5 38.1
Total Free World 74.5 100.0 127.2 100.0
Dil
1970 1980
MME/D § of Total MMB/D  § of Total
Free World ex U.5. 25.4 63.3 49 .8 69.1
.5, 14.7 36.7 oy 0.9
Total Free World 40.1 100.0 72.1 100.0
TABLE XVI

DISTRIBUTION OF FREE FOREIGN DEMAND BY FRODUCT

Percent of Free
Foreign 0il Demand

Product 1870 1580
Naphtha/gasoline 20.5 20.0
Aviation fuels/distillates 3in.l Z8.6
Residual fuel o1l 38.0 40.2
Other 10.4 11.2

TOTAL 100.0 100.0
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In the Free World outside the United States, demand for energy is pro-
jected to be supplied by the mix of primary fuels shown in Table XVII. Owver
the period, oil continues to increase its share of total energy supply from
nearly 60 percent inm 1970 to over 63 percent by 1980, principally due to the
lack of growth projected for coal and timing restrictions on nuclear. It
should be emphasized that these projections do not recognize the effects of
the recent OPEC settlements, now and in the future, on both the economical
and political aspects of interfuel competition.

TABLE XVII
FREE FOREIGN DEMAND FOR ENERGY

1970 1980

— MMB/D ¥ of MME /D T of

0il Equiwv. Total 0il Equiv. Total

0il 25.4 59.6 ; 49.8 63.4
Gas 2.8 6.6 g.5 10.7
Coal 10.2 23.9 11.2 14.2
Hydroelectric 3.9 8,2 6.1 7.8
Nuclear . 2 i 5.1 3.9
TOTAL 42.5 100.0 78.7 100.0
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Chapter Three

OIL SUPPLY TASK GROUP REPORT

ABSTRACT

Assuming that the l4-year decline in domestiec exploration and development
activities levels out and continues at the average of the recent past, crude
oil production (including condensate) will continue at the present level of
about 9.5 MMB/D until 1975 when it is assumed that oil will start coming in by
pipeline from the North Slope of Alaska. The rate will then increase to about
10.5 MMB/D by 1980, followed by a gentle decline to the end of the period in
1985. Production from the lower 4B states onshore will decline after reaching
"immediately available" capacity in the early to mid-1970's, but will be par-
tially offset by the increase in production from oIfshore areas and more than
offset by North Slope production from 1975 to 1980. Condensate production
will fall off as gas supply falters.

Surplus crude oil productive capacity has declined from about 3.75 MMB/D
in the 1965-1967 periocd to about 1.5 MMB/D at present, which includes the 0.5
to 0.75 MMB/D of capacity not immediately available to producers from places
such as the Elk Hills Naval Petroleum Reserve.

Although discovery of mew oil is estimated to add 13,5 billion barrels of
reserves during the peried, the bulk of reserve additions (28.5 billion bar-
rels) comes from the application of secondary and tertiary recovery processes.

Onshore drilling costs were projected upward 18 percent due to the trend
toward deeper wells. Offshore drillinf costs were estimated to increase 47
percent over the forecast period as drilling moves into deeper and deeper
waters. Operating costs were projected to increase 11 percent with the trend
toward more secnnﬁary and tertiary oil recovery. The investment costs of

etting tertiary oil during the period 1971-1985 were predicted to increase

ED percent offshore to $1.50 per barrel and 67 percent onshore to $1.25 per
barrel due to application of more expensive processes to less attractive pros-
pects. These cost parameters, where relevant, were used in projecting the
capital requirements developed in Chapter Five. All projected costs are ex-
pressed in 1970 dollars.

The estimated Free Foreign Teserves now considered proved are sufficient
to satisfy the Free Foreign market and alsc make up the deficit between U.S.
demand and domestic supply over the next 15 years. Annual Free Foreign re-
serve additions are still coming on at a faster rate than demand is increasing.

The United States cannot expect to increase imports from Western Hemi-
sphere sources appreciably during the forecast period. Venezuela, the major
source im Latin America, failed to respond significantly to the demand surge
created during the Middle East supply disruptions of 1967 and 1970. The ter-
mination of the major contract concession arrangements in the early 1980's
casts further doubt on the reliability of Venezuela as a supply source.
Canada's proved reserves decreased in 1970 for the first time since 1946, and
although there is potential for development of major supplies in the frontier
areas, the uncertainties, particularly with respect to timing, preclude placing
much reliance on this source to significantly alter U.S. import requirements
from overseas.

The United States will probably have to rely heavily on Eastern Hemisphere
sources for a growing portion of its future crude oil supply. This will prevail
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unless domestic exploration drilling and development activities are markedly
accelerated, improved recovery methods are applied and picneer efforts in
synthetics are initiated.

The assessment of foreign supplies was completed prior to the 1971 OPEC

settlements, the effects of which will be discussed in the subsequent work of
the task group.

SUMMARY OF OIL SUPPLY TASK GROUP REPORT

A projection of domestic oil supply was made providing a forward extra-
pelation of the results expected if prevailing levels and profiles of activity
are approximately maintained. This projection brings into focus changes in
direction that might alter the oil supply position.

The domestic crude oil supply availability was projected for the 15-year
period 1971-1985. Specific prugucing rate levels are indicated for the years
1970, 1975, 19280 and 19853. All cost projections for various types of opera-
tions are expressed in constant 1970 dollars.

Cost adjustment factors to properly account for the changing modes of
future operations were developed for use by the 01l Logistics Task Group and
the Joint 0il and Gas Task Group on Capital Requirements for Exploration,
Development and Production. Associated gas discovered with new oil was fur-
nished the Gas Supply Task Grnug. Projected lease condensate and gas plant
liquids volumes were developed by the Gas Supply Task Group.

Projected results were aggregated into the following geographical regions:
North Slope, "Lower 48" Onshore, Offshore (includes Alaska other than MNorth
S5lope) and Total U.5.A.

A survey of the oil reserve situation in major foreign areas was also
made to assist the 0il Logistics Task Group in assessing transportation and
refinery needs.

PROCEDURAL APPROACH

The 0il Supply Task Group took the following procedural steps for develop-
ment of the initial appraisal:

@ American Petroleum Institute (API) reserve, development drilling and
production statistics; American Association of Petroleum Geologists
AAPG) exploratory drilling statistics; Joint Association Survey (JAS)
rilling cost statistics; Chase Manhattan Bank industry-cost studies;
and the NPC Future Petroleum Provinces Study were utilized as the major
sources of basic data.

¢ Relevant statistics were segregated inte 14 geological regions (11 NPC
regions subdivided to break out Offshore and North Slope) for analyti-
cal use. Results were then aggregated back into U.S5.A. (excluding
North Slepe), Offshore, and ”%uwer 48" Onshore.

# Exploration and drilling activity levels for each region (footage
drilled) were assumed to continue through 1985 at levels generally
prevailing during the 19567-69 peried. No shifts in activity from one
area to another were assumed. These levels of projection were accepted
even though this type of activity has been steadily declining. (Since
drilling depth is increasing with time, the number of wells drilled
per year will decline under a constant drilling footage assumption.)
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Original oil-in-place to be discovered for each of the NPC regions was
related directly to the footape drilled. Barrels projected to be dis-
covered and developed per foot drilled were based upon an extrapola-
tion of actual experience since 1956.

Reserve additions from new discoveries and extensions were calculated
from original oil-in-place data, using recovery efficiencies for res-
ervoir conditions unique to the regions analyzed based on experience
and engineering judgment.

Reserve additions from secundarﬁ and tertiary improved recovery methods
were projected on the basis of history and task ﬁrnup estimates as to
how fast and how effectively these different methods would be applied.
Secondary recovery consists of methods of improving recovery efficiency
to the equivalent of that accomplished by water displacement. Ter-
tiary methods have the capability of going significantly beyond water
displacement to bring about improved recovery.

Production rate for each region was projected based on past history
of its reserve to production ratio and generally increasing this rate
to an R/P ratio of 8-10:1.

Associated gas discoveries were related to new o0il discoveries based
upon gasfeil ratio history during the last 5 years.

Drilling depths were estimated to increase gradually, based upon his-
toric trends. The related costs per foot onshore were escalated
accordingly. Footage costs for offshore wells were escalated on the
basis of platform costs required for increasing depths of water.

Costs for reserve additions due to future secondary and tertiary
applications were estimated in such a manner that they could be added

to historic exploration and development costs and thereby complete a
more meaningful relationship with reserve additioms in the industry.
This, in effect, adds some operation-type costs to historical capital
costs; these operation-type costs are heavily front-loaded to bring
about the introduction of a new energy source into a reservoir. The
levels of these reserve-gddition costs were estimated dependent upon

the mix of various types of secondary and tertiary recovery methods that
that would gradually be applied over the 15-year period.

The prevailing levels of production operating costs were adjusted up-
ward to recognize the increasing mix of secondary and tertiary opera-
tions versus primary operations.

The initiatiom date for North 5lope productiom and the projected level
of such production were both assumed to be a function of the Trans-
Alaska prtline system--i.e., its completion date and the capacity of
the line, along with the downstream capacity to move the oil to U.S.
markets. Following consultation with company representatives familiar
with the North Slope pipeline situation, it was assumed for purposes
of this initial appraisal that pipeline operations would commence in

1975 and that the capacity of the line would accommodate 2 MMB/D of
production by 1980.

DISCUSSION

Reserve-addition estimates are the key to projected crude oil producing
rates in the "Lower 48" Onshore and Offshare. The proved plus expected future
reserve additions for the North Slope are estimated to be adequate to support
the forecast throughput rate for the projected crude oil pipeline (beginning
in 1975 at 600 MB/D and growing to a capacity of 2,000 MB/D by 1980).
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The mix of projected crude oil reserve additions (excluding Nerth Slope)
is shown in Table XVIII and Figure 3. The secondary and tertiary reserve
additions shown include improved recovery from both the resource base dis-
covered prior to 1970 and the estimated future discoveries of oil included
in the forecast.

TABLE XVIII

CRUDE OIL RESERYE ADDITIONS DURING PERIOD
[Billions of Barrels)

New 0il Secondary Turtilrr Total
1970-74 Inecl. 4.9 6.0 2.1 13.0
1975-79 n 4.4 6.0 3.8 14.2
1980-84 = 4.2 5.4 5.2 14.8
TOTAL
3 *\.._\\ — —
AT
% ——
gi \\
g ﬂ‘“‘nh‘ IMPROVED PRIMARY
AND SE ¥
]
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Figure 3. U.S5.A. Annual Reserve Additions (Excluding North Slope).

Associated gas reserve additions resulting from new oil discoveries are
projected in Table XIX.

TABLE XIX
ASSOCIATED GAS RESERVE ADDITIONS

Ratio of Discovered

Hew 0il Associated Gas Associated Gas to
Reserves Added Added New 0il Reserves Added
ililliun bbl) {TCE] [CF{B]
1970=-74 Incl. 4.9 G.69 1,570
1975-789 o 4.4 5. 86 1,330
1980-84 " 4.2 5.38 1,280
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Projected supplies of domestic crude and condensate are shown in Table XX.

TARLE XX
PROJECTED PRODUCTION--ALL SOURCES
(MRS )
Total U.5.A. U.5.A. Without North Slope
Crude Crude
0il Condensate® Total il Condenzate Total
1970 9.10 0.5% 9.471 9.10 0n.37 9,47
1975 9.15% 0,38 9.53 E.55 . 3% B.93
1980 10.10 0.33% 10.43 E.13 0.30 B.43
1985 o.87 0.24 10.11 7.90 0.21 8.11
* Includes Lease Condensate.
t APl source; U.5. Bureau of Mines shows 9.63.

The following bar chart portrays significant trends by geographic areas
within this projected profile. The condensate production for the total U.S.A.
is shown as a separate segment at the top of each bar. All other bar inter-
vals constitute the crude oil production trends.

*CRUDE OIL ™~
PRODUCTIVE b
CAPACITY CON-

DENSATE

DAILY AVERAGE PRODUCTION MMBE
&

"As of January T each year

Figure 4. U.S.A. 0il Supply.



Crude oil productive capacity (excluding Nerth Slope) is taken directly
from NPC (1955-1965) and API (post-1965) statistics. Eurglus cagacity has de-
clined from about 3.75 MMB/D in the 1965-1967 period to about 1.5 MMB/D in
late 1970. This surplus capacity includes some 0.5 to 0.75 MMB/D which is not
available to producers for various reasons (such as the Elk Hills Naval Petro-
leum Reserve). With these possible exceptions, all spare productive capacity
is expected to be used up in the next few years.

One important aspect of the projection is the quantification of production
from oil fields that will be discovered during the next 15 years. This is a
function of future exploration and drilling activity and is reflected in Table
XXI and Figure 5.

TABLE XXI

PRODUCTION FROM FUTURE DISCOVERABLE CRUDE OIL SOURCES
EXCLUDING NORTH SLOPE

(MMB/D)
"Lower 48" Onshore Offshore Total
1975 0.67 1.13 1.80
1980 0.90 1.35 2.25
1985 1.10 1.55 2.65

These supply trends from both 1970 proved reserves and anticipated future
discoveries are repeated on the following chart to put them in perspective.

2

-
=

e ]

)
i

DAILY AVERAGE - MILLIONS OF BALS.
= &

1955 1980 1585

Figure 5. Total U.5.A. Crude 0il Production (Excluding Condensate).
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The projection of crude oil supply is related to three significant factors.
Two of these, the discovery of new 0il (excluding North Slope) and the instal-
lation of a transportation system to handle Hnrtﬁ Slope discovered crude oil,
are reflected in the foregoing chart. The third factor is the improvement in
recovery efficiency from past discoveries in the rest of the United States.
As is indicated in Figure 6 (p. 34), recovery efficiency is expected to increase
from about 30 percent in 1970 to over 37 percent in 1985, The projection of oil
production from past discoveries shown in Figure 5 incorporates the effects of
this increase in recovery efficiency.

Total production for each of the 5-year periods considered in the initial
appraisal is also necessary. This is shown in Table XXII.

TABLE XXII

FRODUCTION FROM ALL SOURCES DURING PERICD
{Billions of Barrels)

U.5.A, --Excluding North Slope Horth Slape Total U.S5.A.
0il Cond. Total 0il Cond. Total 0il Cond. Total

Onshore Offshore

1970-74 Incl. 13.3 4.0 0.8 18.1 1] 1] 1 17.3 0.8 18.1
1975-73 " 11.3 5.1 0.6 15.7 1.8 a 2.6 17.7 0.6 18.3
1%80-84 " 11.7 3.1 0.5 15.3 3.6 o 36 1.4 0.5 18.9

Historical cost factors were adjusted for use in the initial appraisal,
as shown in Tables XXIII and XXIV. These are real cost increases in 1970 dol-
lars, not inflation factors,

TABLE XXITI

COST ADJUSTHMENT FACTORS
[Tetal Costs per Foot Drilled)

Average Well Depth Cost per Foot Drilled
Onshore (because of increasing depth) [feat]) (Multiplier]
1067-60 Imcl. (Cost Basze) 4,300 1.00
1070-74 4,800 1.06
1975-79 o 5,450 1.12
1980-84 ™ 6,250 1.18
Offshere (because of platform costs in Average Water Dﬁpth Cost per Foot Drilled
ncTeasing water depth) [feet] (Maltiplier)
1967-6% Incl. [Cost Base) 170 1.00
1970-74 ™ 30 1.10
1975-19 300 1.25
1980-84 ™ 400 1.47




TABLE XXIV

COST OF RESERVE ADDITIONS
FROM SECONDARY AND TERTIARY IMSTALLATIONS®
(Per Barrel Committed Cost
to Add Energy to Reservoirt)

Onshore Offshore
Secondary Tertiary Secondary Tertiary
1970-74 Incl. 25¢ $ .75 504 $1.00
1975-79 » 254 1.00 50¢ 1.25
1980-84 ™ 25¢ 1.25 50¢ 1.50

* Excluding operating costs.

+ E.g., in water flooding, includes cost of develop-
ing source of water, treating and distributing to
injection wells and injection pumps; for tertiary
operations, includes cost of chemicals, sources of
heat or compressors, etc. :

PRODUCTION OPERATING COSTS

Carrying on the "prevailing level of activity" will call for some adjust-
ment in overall cost as related to levels at the beginning of the forecast
peried. The increasing application of tertiary onshore and deeper water oper-
ations more distant from shore combine to require some escalation.

Multipliers for application to Total U.S5.A. (excluding North Slope) oper-
ating costs are shown in Table XXV.

TABLE XXV
ADJUSTMENTS IN OVERALL COSTS

Multiplier
1969 (Cost Base) 1.00
1970-74 Incl. 1.05
1975-79 ™ 1.09
1980-84 ™ 1.11

The capital requirements forecast resulting from application of these multi-
pliers to 1967-1969 base cost numbers is indicated in Table XXVI.
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TABLE XXVI

SUMMARY OF THE CAPITAL REQUIREMENTS MEEDED TO CARRY ON THE QIL DEVELOPMENT
AND PRODUCTION ACTIVITY PROJECTED IN THE INITIAL APPRAISAL
{Billions of Dollars)

Dther Secondary & Tertiary
Drilling Capital Capital Investment
Tear Cost Costs® Costs Extensiont Investment
Actual
1960 2,845
1965 ﬂu‘l'l:lﬂpl:d from Chase Manhattan Series 2.915
1970 I.800
1967-69 2,15 1.01 0,50 3.68 3.16
(Base)
Projected (1970 Dollars)
1871 2.27 1.01 0.56 3.84 F.49
1871 1.30 1.01 0.63 394 5.59
1973 .13 1.01 0.70 4.04 i.69
1974 2.36 1.01 0.77 4.14 3.79
1475 2.18 1.61 0.84 4.28 3.91
1976 .42 1.01 B.97 4.40 4,05
1977 2.46 1.01 1.07 4.54 4.19
1978 £.489 1.01 1,18 4,68 4,35
1979 2,53 1.01 1.28 4.82 q4.47
1950 2.57 1.00 1.59 4.97 4.62
1981 2.61 1.01 1.49 G.11 4.76
1982 2.65 1.00 1.60 5.26 4.91
L1083 1.70 1.01 1.70 5.41 5.06
1584 2,74 1.01 1.81 5.56 5.21
1985 2.79 1.00 1.81 5.71 5.35

* Includes geolopy, geophysical, lease rental and lease bonus (held constant in
accordance with the basic assumption of a constant activity level).

t In the actual capital costs for the base period 1967-69, the Chasze Manhattan
series included approximately $0.35 billion allocated to secondary and
tortiary recovery. This had to be subtracted in erder to make the projected
capital costs comparable to the historical data. Otherwise, the $0.35 billion
would have been counted twice. ([Thus, column 5 minus $0.35% billion equals
column & for the profjected years.)

INTERPRETATION AND COMMENTS

The complete methodology and detailed work sheets are included in the 0il
Supply Task Group Report. This summary discussion will highlight significant

aspects of the analyses and interpret their relevance in relation to projected
results.

CRUDE QIL SUPPLY--OFERALL

This projection shows that original ocil-in-place discovered increased
during the 15-year period (see Table XXVII). Along with this discovery trend
the projection calls for an increase in cumulative recovery efficiency as
reflected in Table XXVIII. These trends are also shown in Figure 6.
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BILLIONS OF BARRELS

TABLE XXVII

CUMULATIVE ORIGIMAL OIL-IN-PLACE DISCOVERED
(Billions of Barrels)

U.5.A. Narth Total
(Excl. Horth Slops) Slope U.5_A.
Dec. 31, L1969 396 4% 420
Dec. 31, 1984 437 [Z4)% 46l
Total Ultimate
Discoverab le 677 50 727

* Mot officially reported until December 31, 1870.

t+ Mo forecast was made of additional discoveries during
the 1S-yvear period. Ko doubt some more will be made;
hewevwer, this areda's production rate will be limited
by transportation facilities rather than by reserves.

TABLE XXVIII

CUMULATIVE RECOVERY EFFICIENCY--U.3.A.
EXCLUDING MORTH SLOFE

End of Recovery Efficiency
_Year Percent
1955 25.21
1969 .18
1884 17.03%
500
450 40
CUMULATIVE ORIGINAL
OIL IN PLACE nlscnvEnV*
400 a5
" \
CUMULATIVE
: RECOVERY
50 EFFICIENCY 30
300 25
1955 1960 1965 1970 1975 1980 1985

Figure . Total U.5.A., (Excluding North Slope).

PERCENT



Two observations are notable:

The flattening of the original oil-in-place cumulative discovery curve
is an undesirable trend. This has to ge improved or crude o0il supply
will falter at an accelerating rate after new recovery methods are
fully applied.

The projected discovery rate is only Z.75 billion barrels per year.

At this rate it would take almost a century to find the remaining oil-
in-place estimated in the NPC's Puture Petroleum Provinces report to
be discoverable., This appears to be intolerably slow in view of the
Nation's rapidly increasing need for energy supplies.

The accelerated increase in cumulative recovery efficiency during the
15-year period of projection is believed to be realistic. MNeverthe-
less, it will require a highly sophisticated effort on the part of
management and technologists if it is to be achieved; and the economic
incentives are marginal under the initial appraisal assumptions.

CRUDE OIL SUPPLY FROM PAST DISCOVERIES

Projections of this supply are controlled es5entiallﬁ by reserve additions
e

due to secondary or tertiary recovery activity. During t

historic period

1956-1969 inclusive, reserve additions of this type (AFI Revisions) have heen
playing an increasing role in the U,5.A, reserve-addition profile (Figure 7).

BILLIONS OF BARRELS

4.0
3.0
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" )
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~ s\
lHI ; _\
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1.0 L,
"
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|
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Q
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Figure 7. U.S.A. Crude 0il Supply Reserves, Year-End Additions
[Excluding Morth Slope]).
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Part of the reserve additions from revisions reflected in Figure 7 have
come from improved primary recovery methods. Secondary and tertiary cannot
be given the full credit. However, in the future, most of this type of re-
serve addition will be due to improved recovery methods brought about by sec-
ondary or tertiary operations.

During the projection period the contribution from secondary and tertiary
recovery activity is shown to take on a proportionately heavier load (see
Figure 3, p. 28).

The expected reserve additions from secondary and tertiary activity were
estimated using performance history and reservoir characteristics unique to
each region and the latest engineering technology. The rate of application
0f these techniques is based upon judgment of the 0il Supply Task Group.

The rate of oil production from past discoveries was projected partially
on past performance but with the objective of moving toward and operating
within a sustained reserve/production ratio of 8-10:1; i.e., 8 to 10 years of
reserves at the projected producing rate.

CRUDE OIL SUFPLY FROM FPUTURE DISCOVERTES

This projection is a function of the oil-in-place discovery rate. Such
a projection is fraught with many "ifs." 0il-in-place discovered is attributed,

in the final analysis, to two measurable activities, exploration drilling and
development drilling.

In the API reserve category, "new 0il" reserve additions accrue to ex-
ploration drilling primarily from the discovery of new fields and new pools
and to development drilling which brings in reserves from extensions to pre-
viously discovered sources (see Figure 7).

Reserve additions from these past drilling activities were brought in at
estimated primary recovery efficiency levels estimated with the best technology
at the time. This can vary from & low of perhaps 10 percent to a high of
around 50 percent depending on the type of field, the natural energy source,
'Et‘:-i-

Original oil-in-place discovered, however, is independent of the antici-
pated recovery efficiency and constitutes the discovered resource base to
which all future activity must be addressed.

Two key judgments on appropriate methodology were:

# The historic relationship between total oil-in-place discovered and
total footage drilled as a function of time would be developed. Trends
zp established would then be extrapolated for use in the projection
period.

® The 1967-1969 levels of annual drilling rate (drilling footage) for
each region having been established, this level of drilling activity
would be projected to continue during the 1970-1985 period.

The "oil finding rate" per foot drilled was extrapolated into the pro-
jection period versus time, then multiplied by the annual footage drilled.
This constitutes a measure of the total oil-in-place discovered. This was
developed for each region and then aggregated into the "Lower 48" Onshore,
Offshore and Total U.S.A. The North Slope was not analyzed in this manner;
it was assumed that North Slope past and futuré discoveries would yield ade-
quate reserves to supply the capacity of the transportation systems during
the projection period.
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The aggregated results for the United States that flow from these pro-
cedural determinations is reflected in Figures 8 and 9.

Figure B shows the drilling activity history for the Total U.5.A. Trends
in each region vary; this is the composite. It is obvious that the decision
to maintain a flat level of activity throughout the rngeutiun period would
tend to make the projection optimistic in the face of the declining history.
Nevertheless, the task ﬁruup thought this was more suitable for determining
the effects of future changes on oil supply than te project on a declining
basis, the trend of which would have shown all drilling activities ceasing
in the mid-1980's.

Figure 9 shows for the Total U.35.A., "Lower 48" Onshore and Offshore the
aggregate regional results reflecting cil-in-place discovered per foot drilled
as related to time. It is this type of result, unique for each region, that
was multiplied by the footage drilled to make the discovery projection.

Also noted on Figure 9 are the 1969 average costs per foot of drilling
for the three major groupings of results. Costs in individual regions vary
considerably more than these averages indicate.

When the task group made its basic determination, it was recognized that
this projection would reflect the past composite thinking of the industry on
distribution of effort by regions. It tacitly assumes that there would be ne
change in this direction of thinking. This very likely will not be true.

There are many other factors also that direct drilling effort of the industry
to various regions. In oil exploration, significant gistﬂ?triti in new basins
or new areas quickly change the direction of effort in various segments of the
industry. The task group, however, decided not to try in the initial appraisal
to anticipate this type of change in direction.

While this methodology may result in an optimistic prediction, the pro-
jection of drilling activity used in the initial appraisal for some regions
could prove to be uneconomic; effort that might have been expended in such
regions would be redirected to more attractive areas if leases were available.
This improved selectivity would tend to offset the optimistic aspect intro-
duced by the assumptions on the drilling activity level used in the initial
appraisal; this concept will be examined in more detail in future work.

The recoverable reserves associated with the newly discovered oil-in-place
were projected and the rate of production timed by the same methodology em-
ployed in projecting crude oil suppli from the past discoveries (i.e., an esti-
mate of primary reserves is put on the books each year; after performance his-
tory has a chance to define the reservoir, secondary is added; after a period
of time tertiary is included). Generally, primary recovery carried the pro-
ducing rate for the first 5 years of the projection period; secondary was em-
ployed in the second 5 years; then subsequently tertiary, if applicable, in
the third 5-year period.

GCENERAL

While the methodology and many of the details are included in the full 0il
Supply Task Group Report, Figure 10 and Tables XXIX and XXX provide a basic
ungarstnnding of this projection; they are a map showing the regions used in
the projection, a tabulation showing the discovered and potential discoverable
oil-in-place in the United States and a table showing projected production for
each region for each of the three 5-year periods.
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AReglonal Boundaries: Aegion 1—Alaska and Hawaii, except North Slape: Aaglon 2 = Pacific Coast States: Region 2A = Paclfic Ocean, axcept
Alazka; Region 3 —Western Rocky Mountaing; Region 4 —Eastern Rocky Mountains; Region 5—West Texas and Eastern Mew Meaxico; Raglon
&—Western Gulf Basin; Region 6A—Gull of Mexico, Reglen 7—Mideontinent. Region 8—Michigan Basin, Region 9— Eastern Intericr. Region
10— Appalachians: Region 11— Eastern Gulf and Atlantic Coast; Reglon 114 - Atlantic Ocean; and Morth Slope Ragion.

Sauren: NPC Futuns Petralpum Proviness of the LUndied Stane [July 1970

Figure 10. Petroleum Provinces of the United States,
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TABLE XXIX

API-NPC DISCOVERED AND DISCOVERABLE
OIL-IN-PLACE BY NPC REGIONS

(Millipns of Blrrrlig E Billions of Barrels
roved Cumulative stimated adian Estimate otal o sCOvVars
Region O0il-in-Place  Production Ultimate of Future and Discoverable
Humbher Hame 12-31-63 12-351-69 Recovery Discoverable OIF Dil-in-Place
1 Alaska § Hawaii 2,B16 214 [:1.1.7 56.6 50, 44
2 Pacific Coast States B2,365 15,016 19,278 70.0 152.4¢
3 Western Rocky Mountains 5,554 1,059 1,546 3.1 43.6
4 Eastern Rocky Mountains 23,216 4,824 6,533 29.2 52.4
5 West Texas § Eastern New Mexico 104,675 17,326 24,797 6.9 151.6
1] Western Gulf Coast BE,T26 I8, THEL 41, 1EB 55.8 144.5¢
7 Mid-Continent 57,818 15,632 17,8352 L 63.4
B Michigan Basin 1,B36 577 G629 1.5 5.1
9 Eastern Interior 9,560 3,241 3,555 4.3 1%.9
10 Appalachians 15,924 3,314 3,635 0.6 19.5
11 Eastern Gulf § Atlantic Coasts 17 2 4 3.6 23,66
TOTAL 395,507 80,016 119,663 33L.0 T2T.4
* Allocated: 50.0 B bbls. North Slope.

9.4 B bbls. Reglon 1.

+ Allocated: 100.4 B bbls. Region 2.

52.0 B bbls. Reglon ZA.

¥ Allocated: 111.5 B bbls. Regiom 6.

33.0 B bbls. Region GA.

§ Allocared: 11.8 B bbls. Region 11.

11.8 B bbls. Begion 11A.




TABLE XXX
TOTAL U.5.A.--FUTURE PRODUCTION OF CRUDE OIL
BY REGIONS AND PAD DISTRICTS
(Billions of Barrels)
Raﬂiaﬂ 1970-1974 1975-19749 1980-1984
North Slope 0 2.6 1.6

1 574 . 586 Gl6
F] 1.903 1.915 1.979
A 3975 L2679 L2755
X 273 <215 .181
4 1.022 «~BL1G i i .
5 1.796 i.360 5.161
] 4.120 3.925 4.088
6A 3.017 2.328 2.164
7 1.69 1.28 1.08
B 0574 L0131 L0170
9 « o495 «ol4 218
10 + 20 +20 -19
11 Lool44 Loo0ge2 L0007
11A 0 ] 1]

TOTAL 17.30034 17.724R2 18.3532

PAD District

| LA0144 20082 L1807
Il 2. 0804 1.574]1 1.378
111 10.948 9.62L5 9.413
Iv 1.196 956 .B91
v 2.8745% 5,3689 6,.4705%

TOTAL 17.3003%4 17.72482 18,3532

FOREIGN OIL SUPPLY TO 1885

There is no way of precisely determining or estimating the amount of un-
discovered oil in the world as of any given point in time. Even the amount
of 0il in accumulations already discovered is very imperfectly known. However,
as the general public has more and more come to recognize that oil is a natural
resource of finite volume, curiosity as to how much oil is left has tended to
increase, Distinguished geologists and petroleum engineers have periodically
obliged this curiosity by publishing estimates of total oil-in-place and orig-
inal oil-in-place in known reservoirs. There are a number of such estimates;
they are generally based on a variety of assumptions and methods which arrive
at understandably different results and conclusions. Common to these estimates
is the fact that each reflects an informed opinion that the worldwide oil re-
source potential remaining to be discovered and developed is huge.

A brief discussion based on a recent representative sample of such esti-
mates demonstrates this huge potential. In a U.S. Geological Survey Circular
published in 1965 by the Department of the Interior, Mr. T. A. Hendricks esti-
mates there are 10,000 billion barrels of total o0il in the ground in the world.
Of this total, he estimates about 6,200 billion barrels will be ultimately dis-
covered and allocates these volumes by areas as shown in Table XXXI, columns 1
and 2. A paper presented by Messrs. P. D, Torrey, C. L. Moore and G. H. Weber
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at the 6th World Petroleum Congress titled "World 0il Resources, 1963" included
an estimate of the original oil-in-place in known reservoirs as of January 1,
1962. This latter estimate, when related to Hendricks' total oil-in-place and
ultimate discovery estimates, gives a measure of relative potential remaining
by major world areas. The Torrey, Moore and Weber estimate is shown in Table
XXXI, column 3. Mr. D. C. Ion of the British Petrocleum Company, in a paper
presented at the 7th World Petroleum Congress titled "The Significance of

World Petroleum Reserves--1967," updated the Torrey, Moore and Weber paper.
This calculated update is shown in Table XXXI, column 4.

TABLE XXXI
WORLD CRUDE OIL-IN-PLACE
DISCOVERABLE AND DISCOVERED
(Billions of Barrels)
Discover- Discovered
Existing* ablat 1-1-62% 1-1-668
b.5.4. 1,600 1,000 346 386
Canada, Mexico, Central America
and Caribbean S00 300 50 77
South America (Incl. Venezuela) 500 500 214 238
Total W. Hemisphere 2,900 1,800 610 701
Europe 500 300 21 2
Africa 1,800 1,100 56 1319
Middle East (Excl. Turkey) 1,400 200 793 o8
5. Asia 200 100 7 B
U.5.5.R., China, Mongolia 2,900 1,800 an 122
Indonesia,; Australia, Etc. 300 200 21 25
Total E. Hemisphere 7,100 4,400 958 1,248
TOTAL WORLD 10,000 6,200 1,598 1,549
* Total oil-in-place (Hendricks, 1963).
+ Total discoverable oil-in-place [Hendricks, 1965).
t+ Original oil-in-place in known reservoirs as at 1-1-62 (Torrey,
Moore and Weber, 1963).
§ Hypothetical calculation of original oil-in-place in reservoirs as
known at 1-1-66 (D.C. Ion, 156??-

The timing and extent to which this huge oil potential will be found and
recovered is impossible to predict with any accuracy. The rate and magnitude
of future oil discoveries and development thereof will depend to a large ex-
tent on economic and political considerations, market demand for energy, the
cost of competitive alternate energy sources, and the rate of technolegical
improvements. The following analysis should be helpful, however, in assess-
ing the oil industry's longer term ability to meet the staggering increase in
0il demand that is expected between 1971 and 1985.

Earlier in this report U.S5. and Free Foreign oil demand was projected as
shown in Table XXXII for the period 1570-1%85 inclusive.

Table XXXIII, which incorporates the estimated Free World proved oil re-
gserves reported by the 04l & Cas Jourmal in its December 28, 1970, issus, re-
flects one approach towards demonstrating the current availability of suffi-
cient crude reserves to meet Free World oil requirements over the next 15 years.
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TABLE XXXII
FREE WORLD QIL DEMAND

0il Production
Required for
1971-1985 Inclusive

HPC Forecast (MMB/D) to Meet

AVE . Annual Forecasted Demand

1970 1985 § Increase (Billion Barrels)
United States 14.7 6.0 3.9 110.6
Free Foreign 25 .4 660 6.6 241.1
TOTAL FREE WORLD 40.1% gz.0 5.7 351.7

* Total liquid hydrocarbon demand; differs from 37 MMB/D shown in
last paragraph of p. 27, Volume One, which relates to crude oil omly.

TABLE XXXIII

PROVED RESOQOURCES V5. PRODUCTION REQUIREMENTS
(Billions of Barrels)

Est. Froved Est. 0il Produc-
0il Reserves tion Required Indicated
as of To Meet Free World Surplus or
12/31/70% 011 Demand--1971-85 Deficit
United States
[(including Morth Slope) 37.0 110.6 (73.6)
Free Foreign 474 .4 241.1 233.3
TOTAL FREE WORLD £11.4 151.7 158.7

% 0il & Gas Journal (December 28, 1970).

An assessment of Free World fnreign demand and supply, as shown in Table
XXXIII, indicates that sufficient foreign reserves waugg Ee available to assume
that worldwide demand could be satisfied through 1985. The relationship be-
tween proved Free World oil reserves as of December 31, 1970, and estimated
Free World oil demand for 1971-1985 imclusive indicates that total oil require-
ments for this period could be covered by existing Free World proved oil re-
serves even if we assume there are no gross additions to reserves realized
during the next 15 years. This is, of course, a wholly unrealistic assumption.
More importantly, it reflects only part of the question. While the reported
proved reserves of 511 billion barrels exceed estimated required production of
352 billion barrels for 1971-1985, the renaining reserves of 160 billion bar-
rels would not be sufficient to sustain the estimated 1985 production of 33
billion barrels annually, as the ratioc of reserves to production would then be
less than 5 to 1. The above data also indicate that, without significant
changes in domestic o0il industry activities and/or Federal Government policies
to strengthen domestic exploration/development incentives, the U.S. oil con-
sumer will become increasingly dependent either on foreign crude supplies or on
higher cost alternative energy sources or on some combination of both.
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As noted previously, Table XXXIII reflects only the current Free World
proved oil reserve situation without any allowance for additions to proved oil
reserves during the next 15 years. It will, therefore, be of interest to re-
flect on the following recent Free World gross addition trends (see Tables
XXXIV and XXXV).

TABLE XXXIV

TOTAL GROSS ADDITIONS TO PROVED OIL RESERVES*
(Billions of Barrels)

Free Free
Period U.5.t% Foreign World
1955-1960 14.4 99.3 113.7
1960-1965 13.5 77.7 91.2
1965-1570 14.8 230 .2 245.0
1955-1970 42.7 407.2 449.9

® Basis: O0¢I & Gas Journal.
+ Excludes allowance for Alaskan North Slope.

TABLE XXXV

AVERAGE ANNUAL GROSS ADDITIONS TO PROVED OIL RESERVES*
(Billions of Barrels)

Free Free
Period .5.+ Foreign World
1955-1960 2.9 19.8 22.7
1960-1965 2.7 15.5 18.2
1965-1970 3.0 46.0 49.0
1955-1970 2.8 27.2 0.0

* Basis: 01l & Gae Journal.
+ Excludes allowance for Alaskan North Slepe.

If the exploration/development activity and experience trends of the last
15 years can be sustained for another 15 years, the oil industry can find and
develop sufficient new gross additions to cover expected 1971-1985 Free World
crude requirements. This is shown in Table XXXVI, which also serves to illus-
trate again the increasingly serious oil supply situation confronting the
United States if recent domestic oil finding/development trends are not soon
reversed.

The Qil Subcommittes concluded that it was reasonable to expect gross
additions to Free World proved oil reserves to at least equal the gross
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TABLE XXXVI

RECENT GROSS ADDITIONS TO PROYED QIL RESERVE TRENDS
COMPARED TO EXPECTED OIL REQUIREMENTS (1971-1985)
(Billions of Barrels)

Total Gross

Additions to Total

Proved 01l Estimated

Reserves 0i1 Demand

(1955=-1970) (1971-1985)
United States 42.7 110.6
Free Foreign 407.2 241.1
TOTAL FREE WORLD 449.9 351.7

additions achieved during the past 15 years and that more likely gross addi-
tions would approximate 500 billion barrels during the period 1971-1985.

This, of course, assumes that political and economic conditions throughout the
Free World will continue to provide rewarding investment opportunities. Any
events that adversely affect the political or economic climate will have a
negative impact on future o0il finding and development.

All of the foregoing analysis rests heavily on acceptance of the 0{I &
Gas Journal proved oil reserve estimates as of December 31, 1970 (see Table
XXXVII), and the NPC oil demand forecast to 1985,

The Subcommittee concluded that the oil demand forecast--and most partic-
ularly the assumptions on which the forecast is based--are sufficiently well
documented in the report to afford each reviewer a sound basis for indepen-
dently determining the walidity of the forecast. However, it was considered
essential to provide an independent reserves estimate to check the 0{l & Gas
Journal values. Thus the oil companies participating in the NPC Energy Study
were asked to provide their own assessments of the 0il & Gas Journal proved
reserve estimates. Altogether, 14 oil companies responded, including all of
the U.S.-based international oil companies. Each reporting company restricted
its response to comments on the general geographical area reserve estimates
as reported by the 0il & Gas Journal, either in percent differences or billion
barrel differences. Each company respondent also requested that its assess-
ment not be directly attributed to it because of the confidential nature of
the opinions invelved. Finally, almost all oil company respondents indicated
that their comparisons with the data published by the 0il & Gas Journal were
based on internal estimates of "proved reserves" worldwide as measured under
the API definition of "proved crude oil reserves."

A summary comparison of the NPC survey results and the 01l & Gas Journal
proved reserve estimates is shown in Table XXXVIII.

Based on the foregoing comparisen, the 0il Supply Task Group concluded
that the 0{I & Gas Jourmal "proved” crude 0il reserve estimate is too high by
about 100 billion barrels, or 25 percent. The difference centers principally
in the Middle East (general) and Africa (Algeria and Libya) estimates. The
likely explanation of the difference is the employment by most company re-
spondents of internal estimates of "proved reserves" as defined by the API,
while the 041 4 Cae Journal estimate might include some reserves that should
be classified as "probable'" rather than "proved," based on API definitions.
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TABLE XXXVIII

COMPARISON NPC SURVEY OF FREE WORLD PROVED
CRUDE OIL RESERVES WITH OIL 4 GAS5 JOURNAL ESTIMATE
{Billions of Barrels)

As Reported by Range of Difference Percent
the ©il & Gas Per NPC Comparison Difference
Journal 12 7 Survey (+ or =) Range
Western Hemisphere
United States 37.0 +2.0%
Other Nerth America 10.8 -1.0 to +5.0
I.Hti'l'l mri';. 3541 _51-0 to '.'l.-'u
TOTAL WESTERN HEMISPHERE 73.9 =2.0 te +4.0 =3% to +5§
Eastern Hemisphere
Europe 37 =3:0 to =2.0
Africa 74.8 =37.0 to -20.0
Middle East 3446 =115.0 to -70.0
Asis-Pacific 14 .4 -2.0 to 0.0
TOTAL EASTERN HEMISPHERE 4357.5 =157.0 to -92.0 -36% to -21%
TOTAL FREE WORLD 511.4 =159.0 to -88.0 =31% to =174

*All oil companies uzed the AP] proved crude oll reserve estimate
as of 12/31,/70.

To check this the 0il Supply Task Group alsc asked the cil companies
particiPating in the NPC Energy Study to assess the 0il & Gas Journal proved
crude 0il reserve estimate on the basis of their own estimates of "proved"
plus "probable" crude o0il reserve estimates., On this basis the difference in
oil company estimates decreased to a range of 15 to 60 billion barrels or 3 to
12 percent lower than the 0£I £ GCas Jourmal estimate. The 0il Supply Task
Group concluded that the 0i1 4 CGas Journal estimate of Free World proved crude
0il reserves was too high by about 25 billiom barrels or 5 percent, based on
the oil companies' concensus estimate of "proved" plus "probable" crude oil
reserves as measured under the API definition of these terms.

It was 2 principal finding of the 0il Supply Task Group that current Free
World proved oil reserves plus probable reserve additions will be sufficient
to meet projected Free World oil demand to 1985 whether the 0<1 & Cas Journal
estimate of proved reserves or the much lower NPC oil companies' survey concen-
sus estimate of "proved" crude oil reserves is used. This assumes that 450 to
500 billion barrels of expected gross additions will be made to Free World
proved oil reserves before 1985. This finding again presumes that economic
and political conditions throughout the Free World will continue to provide
rewarding investment opportunities and permit the relatively unrestricted
movement of crude oil from major crude producing areas to major crude con-
suming areas within the Free World.

The period from 1985 to 2000 is to be addressed in the subsequent work

of the 0il Supply Task Group. In that later peried it is quite possible that
an entirely different picture will emerge. Some measure of that possibility
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can be gained from the following observation. Total Free World demand in 1985
has been estimated at 92 MMB/D or 33.6 billion barrels per year. With a future
finding rate of 30 billion barrels annually, consumption will exceed supply
additions in the early 1980's. Should current trends continue, the ratio of
crude oil reserves to production on a world basis would decline from about 38
currently to 17 in 1985, These data suggest the need for further evaluation

of supply in the post-1985 period.

The 0il Supply Task Group alse comncluded that it was imperative that long-
term Canadian and Latin American crude producing potential be evaluated for the
following reasons:

# The continuing steady decline im the proved crude o0il reserve position
and the diminishing spare producing capacity in the lower 48 states

# The decline in Canadian proved crude oil reserves as of December 31,
1970, recently reported by the Canadian Petroleum Association

¢ The relatively small growth in productive capacity realized in Vene-
tuela over the last 10 years

& The prujected steddy increase in U.5. oil requirements and the appar-
ently diminishing capability of Western Hemisphere sources to meet
Western Hemisphere needs.

Following are the principal findings of the 0il Supply Task Group evalua-
tions.

i. Canada

Two years ago the Geological Reserves Committee of the Canadian Petroleum
Association estimated the ultimate potential crude oil reserves for all of
Canada at 121 billion barrels. Recently, the Canadian Petroleum Association
reported its estimate of total proved and probable cumulative crude oil re-
serves found and recognized as of December 31, 1970, at 15 billion barrels.
Based on these two estimates, the remaining as-yet-undiscovered crude oil
potential of Canada is huge, at 106 billion barrels, or about 90 percent of
the ultimate potential crude il reserves for all of Canada.

Only a small part--less than 15 percent--of Canada's undiscovered poten-
tial eil reserves are located in the Western Canadian Sedimentary Basin, which
encompasses the traditional crude producing provinces of Alberta, Saskatchewan
and Manitoba. The 15-percent figure is based on the Geological Reserves
Committee estimate of the ultimate potential crude oil reserves for the Western
Canadian Sedimentary Basin of 45 billioen barrels, less 15 billion barrels in-
cluded therein for the relatively unexplored Yukon and Northwest Territories
portion of the basin. This leaves 30 billion barrels of ultimate potential
for Alberta, Saskatchewan and Manitoba, of which 15 billion barrels, or 50 per-
cent, have already been found and recognized.

The relatively small remaining potential yet to be discovered and develop-
ed in Alberta, Saskatchewan and Manitoba is regarded as significant for the
following reasons: First, in 1970 Canada's proved crude oil reserves, as re-
ported by the Canadian Petroleum Association, declined for the first time since
1946. Second, the amount of oil found per well or per foot drilled in Western
Canada is grujected to decline during tEe next 15 years, and the cost of find-
ing new oil reserves there will probably increase. This outlook essentially
confirms the recently reported findings of Mr. George W. Govier, Chairman, Al-
berta 0il and Gas Conservation Board. Third, it is likely that most of the
larger and more easily identifiable accumulations of oil have already been
found in Western Canada and that the remaining estimated 15-billion-barrel
potential will become increasingly difficult to find. Fourth, the proved re-
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maining recoverable oil reserves of Western Canada probably will level off
soon and begin to decline, if, in fact, they have not already done so as evi-
denced by the decline in proved crude o0il reserves reported at the end of
15870.

Growth in Canadian proved crude oil reserves and preduction over the next
15 years will be highly dependent on the success of exploration in the frontier
areas of the Yukon, Nerthwest Territories, Arctic Islands and Canadian Arctic,
and Offshore. Evidence already indicates that the major focus of exploration
activity in Canada has shifted from Western Canada to the frontier areas. 1In
1870, about 45 percent of the major Canadian producers' exploration expendi-
tures were spent in these frontier areas. This proportion is estimated to in-
crease to between 60 and 65 percent by 1875,

Mo sipgnificant oil discovery in any of the frontier areas has been an-
nounced to date. The 0il Supply Task Group assessment of the geological po-
tential of these frontier areas suggests that the discovery of a "giant" field
is imminent. The actual timing of such a discovery is, however, uncertain at
best. Even if it occurs in the next Z or 3 years, it can have little effect
on Canadian proved crude oil reserve or production trends until after 1975 be-
cause of the remoteness of most of these areas to existing transportationm and
refining facilities.

Based on all of the foregeing data, the 0il Supply Task Group estimated
conventional Canadian crude producing capacity and production as shown in
Table XXXIX.

3. Latin America

Any assessment of Latin America's crude producing capacity over the next
15 years is basically related to Venezuela's current predominant position in
the area.

TABLE XXXIX
ESTIMATED CANADIAN PRODUCING CAPACITY AND PRODUCTION
(MES D)

1970 1975 1980 1945

Producing Capacity
Western Canada® 2,275 2,600 2,400 2,250
Frontier areas ] 0 400 1,200
TOTAL 2,275 2,600 Z,B00 3,450
Memo: From Tar Sands 45 65 375 1,000

Production
Western Canada® 1,316 2,008 2,185 2,200
Frontier areas 1) 0 400 1,200
TOTAL 1,316 2,005 2,585 3. 400
Memo: From Tar Sands 35 65 75 1,000
& Alberta, Saskatchewan, Manitoba and British Columbia. Includes conven=
tional crude only.
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The 0il Supply Task Group's view of long-term productive capacity in
Venezuela is pessimistie. First, Venezuelan production did not significantly
increase in response to a4 sharp surge in the demand for its oil following the
major Middle East/Africa supply disruptions of 1967 and 1970. Second, the
Venezuelan government continues to emphasize the need to conserve its oll re-
serves to meet growing domestic requirements unless sizable new cil reserves
are soon found and developed. Third, and particularly important, major con-
tract concession arrangements terminate in the early 1980's. Substantial un-
certainty exists today about the terms of the '"service contracts" which will
take the place of present concession arrangements. This uncertainty adversely
affects tﬂ& prospects for any significant growth in productive capacity in the
short term. So long as this uncertainty continues, oil companies will view
development prospects in Venezuela conservatively.

Significant increases in productive capacity by 1985 in other Latin Amer-
ican countries are very dependent on the success of exploration efforts now
under way and anticipated future exploration activities. Although there is
some reason to be optimistic about future cil developments in some of these
countries, it is unlikely that results will be sufficient to offset the ex-
pected decline in Venezuelan productive capacity. Furthermore, such success
as is ultimately achieved in other Latin American countries is most likely to
result in improved local crude self-sufficiency, rather than increased export
crude availability.

Based on the faregning data, the 0Dil Eup?ly Task Group estimated Latin
American crude and condensate producing capacity and productioen as shown in

Table XL.
3. Western Hemisphere Ligquid Hydrocarbon Supply--0il Consumption Balance
Table XLI presents a Western Hemisphere Liquid Hydrocarbom Supply--0il

Consumption Balance to 1985, which incorporates the forecasts of the 0il De-
mand and Supply Task Groups. Any interpretation of this balance must

TABLE XL
ESTIMATED LATIN AMERICAN PRODUCING CAPACITY AND PRODUCTION
(MB/D)
1970 1975 1980 1985
Producing Capacity
Conventional Crude
and Condensate 5,350 5,825 &, 700 6,200
Synthetic® - - Z50 00
TOTAL 5,350 5,825 6,950 6,900
Production
En::EHE:EE:isgizdﬂ 5,200 5,700 6,600 6,150
Synthetic® --- - 250 700
TOTAL 3,200 5,700 6,850 6,850
* Oringco Tar Belt.
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TABLE XLI
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vecognize that the liquid hydrocarbon supply projections are conservatively
biased, as they project recent finding and development trends that are generally
unfavorable; current price levels that are most likely to change upward, and
gxisting government policies that are also likely to change, hopefully with
constructive and positive impact on oil industry incentives.

Despite its conservatism, the Balance implies and reflects a steadily in-
creasing reliance on Bastern Hemisphere liquid hydrocarbon supplies to meet
rapidly growing Western Hemisphere requirements, This is particularly true in
the case of the United States, but applies as well to Canada and Latin America.
A most particularly significant implication of the Balance is that it is a very
doubtful posture--if not a wholly unrealistic one--to place too much long-term
dependence on Canadian or Latin American crude/condensate reserves to meet the
projected growing U.S5. oil deficit. In fact, the 0il Supply Task Group con-
cludes that the Canadian and Venezuelan governments will not permit dedication
of their petroleum reserves to U.5. markets on a long-term basis. The task
group notes with concern the already building sentiment in both Canada and
Venezuela against any such long-term commitments too far in advance of an
ability to reliably predict the consequences on their economies or hefore de-
tailed assessments of long-term domestic requirements and supply capabilities
are completed by the then responsible governments of Canada and Venezuela,

ALl of the foregoing analywsie of foreign supply capability was devsloped
prior fo the OPEC sattlemente of 1871. The impaect of these vettlemente will
be conaidered in the future werk of the 0Ll Supply Task Group.
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Chapter Four

OIL LOGISTICS TASK GROUP REPORT

ABSTRACT

The principal logistical assumption underlying the initial appraisal is
that new supply requirements not met by domestic production of crude oil and
natural gas liquids will be imported. The suptlyfdemand balances for the
period 1071-1985 indicate the following outlook:

® Total supply necessary to meet projected U.S. demands will
increase from 14.7 MMB/D in 1970 to 2Z5.6 MMB/D im 1985.

e Domestic production of crude oil and natural gas liquids
during the 1971-1985 pericod will remain on the order of
11+ MMB/D, under the assumptions of the initial appraisal.
Delivery of crude oil from the Alaskan Nerth Slope beginning
in 1975 will offset production declines in the lower 48 states.

e Imports of crude oil and refined Ernducta would have to rise
sharply to cover the growing gap between total requirements
and domestic production. It has been assumed that from the
national security and balance of payments viewpoints, it
would be preferable to import crude oil rather than refined
petroleum products.

o At least 10 MME/D of net new refinery capacity will need to
be constructed in the United States during the next 15 years.
The rate of installing such capacity would have to be 2.5
times that of the 1960's. The question of where to locate
this new refinery capacity needs to be resolved.

® Economy of scale considerations would dictate the use of
very large crude carriers in the 300,000 to 400,000 DKWT
range to transport foreign oil to U.5. shores. There are
at the present time no developed ports in the United States
capable of handling vessels of this size.

@ The capital costs for new refineries and external logistical
facilities necessary to meet 0il requirements in the United
States total more than $40 billion over the next 15 years.

Recognizing the limited utility of the initial appraisal, the 0il
Logistics Task Group did not attempt to develop detailed supply/demand bal-
ances for each individual PAD District. Inter-district movements and import

flows by districts will be postulated in future work along the lines of the
examples shown in this wvolume for PAD District I and PAD District V.

SUMMARY REPORT OF OIL LOGISTICS TASK GROUP

For purposes of the initial afgraisal, the 0il Logistics Task Group was
charged with accomplishing the following:

e Calculating supply/demand balances for the years 1970, 197§,
1980 and 1985, using demand data provided by the 0il Demand
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Task Group, domestic crude oil production estimates generated by the
0il Supply Task Group, and demestic condensate and natural gas liquids
production data developed by the Gas Supply Task Group.

® Assessing the broad logistical implications of stated assump-
tions underlying the initial appraisal.

o Calculating capital requirements (in 1970 dollars) for petroleum
refining and logistics systems needed to meet future demands as
specified.

LOGISTICAL ASSUMPTIONS

The principal logistical assumption underlying the initial appraisal is
that supply requirements not met by domestic production of conventional or
synthetic crude oil and natural gas ligquids will be imported.

It is further assumed that Alaskan North Slope crude oil will be made
available to the lower 4B states, beginning at the initial rate of 600 MB/D
im 1975 and growing to a capacity level of approximately 2 MMB/D by 19B80.
Although Alaska is noncontiguous to the continental United States, the out-
put of Alaskan oil is included as domestic production.

Overland imports of Canadian crude o0il (conventional and synthetic) are
projected to increase about 8 percent per annum between 1971 and 1985.
This is based on the assumption that recoverable reserves on the order of
B to 10 billion barrels will be developed in Northern Canada and in the
Canadian Atlantic offshore area.

UV.5. PETROLEUM SUPPLY AND DEMAND

Total U.5. petroleum supply and demand patterns at 5-year intervals for
the period 1960-1985 are arraved on Table XLII.

The general observaticon may be made that the United States appears to
have passed through a transition from a position of petroleum surplus in the
past decade to one of growing supply deficiency. Except during World War II,
the United States had maintained sufficient reserve petroleum productive
capacity to meet normal growth in internal demands as well as emergency
requirements of its allies. 1In 1960, for example, a surplus position was
indicated in the sense that spare crude oil and natural gas liquids produc-
tive capacity exceeded total imports of crude o0il and refined products.

On this basis, the United States became oil supply deficiemt in 1967, and
the shortfall has deepened since that time. In 1570, total imports
amounted to 3.4 MMB/D while sustainable excess productive capacity from
existing wells was something less than 1.5 MMB/D.

Between 1960 and 1970, U.5. domestic and export demand for liguid
petroleum increased 5 MMB/D, or at a rate of 500 MB/D and 4.1 percent per
annum. Two-thirds of the additional supply required for expanded demand
was met by domestic production of crude oil and natural gas liquids, while
the remaining one-third was imported.

Although federal oil import controls remained in effect during the
1960's, Canadian overland imports of crude oil and refined products were
ermitted to rise substantially, and controls on residual fuel oil imports
into the U.S5. East Coast were progressively relaxed and virtually abandoned
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TABLE XLII

PETROLEUM DEMAND AND SUPPLY
TOTAL UNITED STATES--INITIAL APPRAISAL

(MB/D)
Actual —— EStimated
ltem 1360 1965 1270 1975 19ED 1985
Domestic Damand 9,807 11,52% 14,728 18,346% 13,3298 25.,9%4%
Exports 202 187 258 235 20 210
Total Demand T0, 005 I1,710 I%.986 T8, 561* TZ,589% i6,180*%
Processing Gain, etc.t - 146 - 220 - 343 - 420 = S0Q = 00
Stock Change, All Qils = % - & + 103 - b = 11 + 14
Required New Supply 9,780 11,482 14,746 18,170 22,060 25,600
U.5, Production:
Crude and Condensate:
Lower 48% 7,035 7,804 9,631 8,950 8,430 8,110
Alaskan North Slope - .- === === =111 i []1] 2,000
Subtotal T, 0% T, E0T 5,80 ;L% : 6,110
Natural Gas Liguids, etc.§ 30 1,210 1,697 1,550 1,330 970
syncrude from 041 Shale == Hes ks i iy 100
Total Production PR3 LB 11,528 IT. 080 1T, 760 11,180
[mports:
Crude 0il 1,005 1,238 1,324 4,090 6,350 10,220
Residual Fuel 0il 637 G946 1,528 2, 200% 2. 200" 5. 100"
Other Products 163 284 566 200 Q50 1,100
Total Imports Y B § T A6k T.51E ¥, oun TT, 500~ T, oo+
Total Canadian Overland 120 329 Thi 850 1,300 1,900
Total Waterborne 1,685 2,139 2,652 &,140® 9,000% 12,520%
Imports as % of Required Supply 18.5 21.5 23.2 39.0% 46,74 5. 5%
Crude Runs to Stills 8,067 0,043 10,810 13,600 16,950 20,400

* Excludes adjustments to demand and supply later made by the Coordimating Subcommittee (see p. mziv of Extract from
VYolume One included in thiz Volume Two].

Includes unaccounted-for crude.

Includes Southern Alaska.

Includes other hydrocarbons and hydrogen refinery input.
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by 1866. As a result, Canadian overland crude and products and overseas
residual fuel o0il accounted for practically all of the net increase in U.S.
0il imports during the past decade. From 1960 to 1970, total o¢il imports
increased from 1.8 to 3.4 MMB/D, a gain of 1.0 MMB/D or 88 percent. Canadian
overland imports increased 0.6 MMB/D, while waterborne imports rose almost

1 MMB/D. During the decade of the 1960's, essentially all of the increase in
waterborne imports was landed on the U.5., East Coast.

In addition to the deficiency of total domestic petroleum raw materials,
the United States has for some time been deficient in refining capacity
required to produce desired products for doemestic consumption. The provisions
of the Mandatory 0il Import Program that sffectively exempt heavy fual oil
imports into PAD District I, coupled with refinery economics and the avail-
ability of crude cracking technology, have concentrated that deficiency in a
single product for a single area: residual fuel oil on the Eastern Seaboard,

The supply/demand balances beyond 1970, based on the assumptions specified
for the initial appraisal, indicate growing demand for products and relatively
constant total domestic production of crude oil and natural gas liquids. The
essentially flat domestic production rate of 11+ MMB/D consists of a produc-
tion plateau in the lower 48 states during the next several years followed by
progressive declines, offset by Alaskan North Slope output beginning in 1975.
Under these conditions, sharply increasing levels of imports will be needed
to meet the balance of supply requirements, beginning sometime before 1975.
The need for rapidly Expanging 0il imports is already evident on the U.S.

West Coast, where demand continues to increase but where domestic production
reached a peak in 1970 and is expected to decline in subsequent years. As a
result, PAD District V dependence on oil imports will grow from 484 ME/D in
1970 to more than 1 MMB/D prior to 1975, the earliest that Alaskan North
Slope o0il could be brought into West Coast markets.

Total demand for all oils in the United States has been projected to grow
from 15 MMB/D in 1970 to 26 MMB/D in 1985.%* This represents an annual average
ain of almost 750 MB/D, or 3.B percent per annum over the 15-year period.
ven in the shorter term between now and 1975, demand is expected to increase

at an average rate of 720 MB/D per year, compared with 650 MB/D per annum in
the previous 5 years.

Given the levels of total demand and domestic production postulated for
the initial appraisal, total oil imports into the United States would have to
increase by 3.7 MMB/D or more than 100 percent between 1970 and 1975. The
level of imports would increase substantially thereafter, reaching 10.3 MMB/D
by 1980 and 14.4 MMB/D by 1985. Since overland movements from Canada are
likely to be restricted in the short term by limits on Canadian producibility
and crude pipeline capacity, the bulk of supplementary oil supplies would
have to be in the form of offshore imports.

Total offshore imports during the 1960's rose at a rate of about 100 MB/D
in each year. After allowing for continuing increases in Canadian overland
imports and the delivery of 2 MMB/D of Alaskan North Slope o0il to the lower
48 states, offshore imports for the 1971-1985 period would need to increase
over 650 MBfD per year, or 6.5 times the rate of the 1960's. This order of
magnitude would also apply in the short term, with waterborne import require-
ments increasing from 2.6 MMB/D in 1970 to 6.1 MMB/D im 15875, an increase of
3.5 MMB/D over the 5-year pericd, or an average of 700 ME/D per year.®

*Excluding adjustments later made by the Coordinating Subcommittee to offset
indicated shortfalls in supply of other fuels (see Extract, supra, p. zziv).
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The initial appraisal assumes static government policies and arbitrary
values for economic parameters. Total demand for petroleum products is
expected to continue to grow at close to the historic rate. At the same
time, production of crude and condensate in the lower 48 states 1s expected
to increase only moderately in the next few years, then decline. This will
Tequire substantial increases in import levels beginning almost immediately.
Even if national policies to stimulate domestic ﬁrnductlun of conventional or
synthetic hydrocarbons were implemented today, the lead time necessary to
develop additional productive capacity would be measured in terms of 3 to
2 years. Thus it appears that in the short term at least, the only alterna-
tive available to meet the projected levels of demand is te increase imports
sufficiently to cover the balance of requirements not satisfied by domestic
production of crude oil and natural gas liquids.

AREGIONAL SUPPLY/DEMAND PATTERNS

For purposes of petroleum supply/demand analysis, the United States is
divided into five PAD Districts.

As a generalization, District I (East Coast), District II (Mid-Continent)
and District V (West Coast) generate demand levels in excess of regional
production of crude oil and natural gas liquids. District III1 (Southwest)
and District IV (Rocky Mountains) have petroleum cutput potential in excess
of local requirements. This is illustrated in the following table (XLIII)
summarizing the 1970 status.

TABLE XLIII

PETROLEUM SUPPLY/DEMAND SITUATION--ALL OILS--1970

(MB/D})
PAD Districts

Item I IT I11 Iv_ v Uu.s.

Domestic and Export Demand 5,966 4,037 2,537 376 2,070 14,986
Domestic Production 57 1,433 7,812 708 1,318 11,528
Shipments to Other Districts 120 223 5,580 441 24 6,388
Receipts from Other Districts 3,602 2,440 105 49 192 6,388
TOTAL IMPORTS 2,447 370 Gl ab 484 3,418

Since the initial appraisal assumes that liquid petroleum requirements
not covered by domestic production would be imported, growing regional
petroleum needs could be met by many combinations of imports and inter-
district receipts. For this reason, optimum overall regional supply/demand
balances for future years cannot be resolved until various supply alterna-
tives are examined in terms of physical capability and relative costs. For
purposes of illustration, however, the petroleum situation in District I
and District V is outlined briefly in the following section. Much
additional analysis will be required to determine future logistical patterns
in the other districts; this will be considered in the future work of the
0il Logistics Task Group.

- 58 -




1. The Petvasleum Situation £m PAD Digtriat T

a. General

Except for nominal production of crude oil and natural gas liquids in
the Appalachians and in Florida, all petroleum requirements in PAD District
I are met from outside sources. Required supply for District I in 1970
amounted to 6.0 MMB/D or 40 percent of the natiomal total. Approximately
3.6 MMB/D of supply represented inter-district receipts of crude and pro-
ducts, principally from District IIT. Except for 57 MB/D of local crude
and natural gas liquids production, the balance of supply, some 2.4 MMB/D,
was imported (see Table XLIV).

TABLE XLIV

PETROLEUM DEMAND AND SUPPLY--PAD DISTRICT I
INITIAL APPRAISAL

e R
Actuml Estimated
Item 19&0 1965 1970 1975 1980 1585
Domestic Demand, All Oils 3,720 4,521 5,858 7,47% g,007 10,287
Eagurt: 22 25 z1 0 15 1y
Shipments to Other Districes T& 20 120 150 180 210
TOTAL DEMAND 3,820 &,636 5,996 7,645 9,102 10,507
Less: Processing Gain, otc.¥ -+ k13 46 5 .33 75
Stock Change, ALl 0ils =21 -%50 £11] - + 3 + 5
Required Supply 1.799 4,570 6,016 7590 5,140 10,435
U.5. Production
Crude and Condensate 29 32 iz i 10 i
Hatural Gas Liquids, etc.t 5 8 4 i35 25 L5
TOTAL FRODUCTION 54 61 1] 55 55 55
Receipts from Other Districes:z
Crade 011 5240 454 151 - - *
Residual Fuel Qil 164 104 ki ] - = +
Refined Products (Ex-Resid) 1,669 i,167 Z,754 = 5 +
TOTAL 2,503 2.72% 3,513 - *
Imports:t
Crude 041 ae7 T8 £79 - -
Residual Fuel 011 579 BT 1,471 < -
Ocher Products 126 203 397 = =
TOTAL IMPORTS 1,572 1,754 2,447 - $
Crude Runs to Stillsy 1,217 1,200 1,281 - - +

% Includes wnaccounted-for crude.
t Ingludes other hydrocarbons and hydrogen refinery Input.

t Projections for PAD District I cannot be made without developing balances for PAD Districts
11, 11D mmd IV. Such balances were deferred until Phase II of the study.
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During the past S5 years, requirements supplied from outside District I
increased 1,451 MB/D or 5.7 percent per annum. Slightly more than half of the
increased requirement, or 788 MB/D, came from expanged inter-district receipts,
while the remaining 663 MB/D consisted of additionmal imports, principally
residual fuel oil. Due to international disruptions, crude imports into
District I declined in 1570, but were offset by increased shipments of crude
from District III.

The level of crude runs in District I has held narrowly in the range oi
1.2 to 1.3 MMB/D for more than a decade, and no new refinery capacity is
currently in the construction stage. Distriect [ refinery output represented
unl{_zl percent of required supply in 1970, down from 26 percent 5 years
earlier.

b. The Supply/Demand Qutleeck, 1971-1985

Required supply necessary to meet District I demands is expected to
increase 295 ME/D a year or 3.7 percent per annum between 1970 and 1985.
Unless new 0il is found on the East Coast or synthetic liquids from
Appalachian coal are produced, all of the required supply will have to come
from outside sources. The opportunity to increase inter-district receipts
of crude 0il or products will depend largely on the availability of domestic
crude and/or products originating on the Gulf Coast. This in turn will be
dependent on the outlook for domestic crude production east of California,
refinery and deepwater terminal capacity on the Gulf Coast, and the prospects
for North American crude supply to upper Midwest refineries. To the extent
that domestic crude preduction and overland imports fail to meet total
liquid petroleum requirements in Districts I-V, growing waterborne imports
of crude oil and products would be needed.

€. Supply Altermatives

Assuming that domestic crude oil and natural gas liquids will be in
sufficiently limited supply to cause a substantial increase in imports,
consideration needs to be given to the question of imports of crude oil
versus refined products. The decontrol of residual fuel oil imports in
1966 resulted in a greater than 90-percent dependence on imported residual
in meeting District I requirements. This has led to misgivings in at least
some quarters about having such a2 high degree of reliance on imported oil.

On the other hand, adoption of a comscious natiomal policy of importing
and processing crude oil in domestic refineries in lieu of product imports
would imply that sufficient domestic refinery capacity woulg be made avail-
able to meet anticipated needs.

The last new refineries built on the U.5. East Coast were completed in
1957 (Yorktown and Delaware City) prior to the imposition of mandatory
import controls in 1959. No substantial net additions to crude throughput
capacity in existing plants have been made in more than a decade. This
trend will need to ge changed materially.

8. The Fetroleum Situation in PAD Distypieat V

a. General

District V has been oil supply deficient for many years. The difference
between total requirements and local production has been made up by receipts
from other districts and imports of crude oil and refined products. Produc-
tion of liquid hydrocarbons in PAD District V has been rising slowly during
the past decade, reaching an all-time high in 1970. Increases in domestic
production have generally matched growing supply requirements resulting in
little overall change in the level of imports and inter-district receipts
over the past 5 years (see Table XLV).
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TABLE XLV

PETROLEUM DEMAND AND SUPPLY--PAD DISTRICT W
INITIAL APPRATSAL

(MEST)
Actual Extimatod

Item 1960 L3965 1970 1975 1980 1985
Domestic Demand, A1l Oils 1,303 1,562 1,955 7,439 3,085 3,711
Exports 1] 1z 116 111 108 103
Shipments to Dther Ddstricrs 39 4 24 I 535 15
TOTAL DEMAND 1,418 1,658 2,005 2,625 3,718 3,838
Less: Processing Galn, etc.g . 14 1] L] &l '
Stock Change, ALl Dils =37 +38 -1 % -} +1
Required Supply 1,391 1,672 1,895 z,580 3,670 5,770

U.5. Preduction
Crude Dil: Lower 48 B3G B9S L,Z52 1,165 1,100 PES
Alaska N. 5lope = = : GO0 2,000 z,000
TOTAL CRUDE E36 BB 1,252 1,765 3,100 2,935
Narural Gas Liquids, erc.e 77 65 (1] 60 Lo [ 11]
TOTAL PRODUCTION 253 1] 1,318 1,825 5,150 2,975
Receipts from other Districts 10 210 153 170 17a 170

Isports:

Crude 01l 76 age 380 o470 30 500
Fesidual Fuel Dil 19 F4 15 20 0 0
Other Froducts 23 35 Lk 85 100 105
TOTAL IMPORETS ilg iB8 154 E1.11 150 BIS
Crude Imports--Canadian Overland a9 142 ] 220 1oo 100
Crude Imports--Waterborne 127 262 160 250 130 400
Crude Runs to Stills 1,166 1,362 1,676 2,200 2,800 3,400

* Jacludes 50 MESD Morth 5lope crude from Valde: to District I wia Panama Canal.

t Includes approximately 500 MB/D of North Slope crude to Districts I-IV by transpertatiom means not
yor detarmined.

# Imcludes unsccounted-for crude.
i Includes Southern Alaska.
#  Includes other hydrocarbons and hydrogen mefinery input.
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b. The Supply/Demand Outlook, 1871-1085

Requirements for liquid petroleum in District V are expected to increase
118 MB/D a year or 4.33 percent per annum between 1970 and 1985. But domestic
production of crude oil and natural gas liquids on the West Coast and in
Southern Alaska peaked out in 1970. As California and Southern Alaskan
production continues to decline, the quantity of additional supply needed to
meet West Coast requirements will increase progressively from 0.7 MMB/D in 1970
to about 2.0 MMB/D by 1980 and 2.8 MMB/D by 1985.

€. Supply Alternatives

In order to cover the growing deficiency in District V petroleum supplies
at the projected demand levels, three supply alternatives may be considered:

# Increasing inter-district receipts of crude and products
# Increasing domestic production of liquid hydrocarbons
# Increasing imports of crude and products.

Since the petroleum supply/demand situation in Districts I-IV indicates
a growing supply deficit in future years, the opportunity to increase inter-
district receipts of crude and products into District V during the decade of
the 1970's is not too promising. When and if synthetic hydrocarbon liquids
from shale, coal or tar sands in District IV become economically viable, pipe-
line shipments to District V would come under consideration, although it seems
probable that such oils would be used to meet demands east of California.
For initial planning purposes, the opportunity to increase inter-district
receipts may be ruled out.

The remaining alternatives invelve increasing domestic production or
raising the level of imports. In the short term, imports must be increased
enough to cover growing total requirements as well as declines in domestic
production. The availability of Nerth Slope Alaska crude oil in West Coast
refining centers will initially displace oil supplies originating outside
District V, but in time the ultimate throughput capacity of the Alyeska
Pipeline can be fully absorbed in West Coast markets.

d. The Alyeska Pipeline System

For planning purposes, it is assumed that Prudhoe Bay crude oil will
become available in 1375 at an initial rate of 600 MB/D. Disposition from
the Port of Valdez includes 50 MB/D to District I via the Panama Canal and
550 MB/D to West Coast refining centers. No provision is made for exporting
North Slope crude oil to Japan or to the Virgin Islands. If 550 MB/D of
North Slope oil become available to the West Coast as indicated; the 1975
level of total imports would drop to 585 MB/D compared with approximately
1 MMB/D in 1974. Thereafter, the level of imports would depend on the rate at
which Prudhoe Bay o0il is delivered to West Coast markets. A delivery rate
of 1.5 to 1.6 MMB/D in 1980 could be fully absorbed on the West Coast, and
the design capacity of 2 MMB/D could be accommodated between 1980 and 1985

without exportation or increased shipments to Districts I-IV. At these
delivery rates, total imports into District V would remain near present

levels. If all imports into District V were to be excluded, disposition of
Prudhoe crude could be increased 500 to 600 MB/D, thereby attaining capacity
delivery of the pipeline system by 1980.
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If crude oil production potential on the Alaskan North Slope is fairly
consistent with the Alyeska Pipeline ultimate capacity of 2 MMB/D, all the
output could be absorbed on the West Coast within 5 to 10 years from initial
start-up of the pipeline. At 2 MMB/D maximum production, the amount of oil
available for shipment to Districts I-IV would not be sufficient to justify
a pipeline link from the West Coast into District II.

FACILITIEE REQUIREMENTS
1. Tank Ships and Deespuwater Terminals

The prospect of having to increase waterborne imports into the United
States at 6 to 7 times the rate experienced in the past decade adds a
completely new dimension to U.S. external petroleum logistics, particularly
with respect to tank ships and port facilities to accommodate them.

The optimal-size tanker in international petroleum trade during the
1971-1985 period may range from 300,000 to 400,000 DWT in long-haul trades,
and 70,000 to 120,000 DWT in shoert-haul and coastal service. At the end
of 1970, there were more than 150 tankers and combined carriers above
200,000 DWT in service, while more than 250 vessels above Z00,000 DNT were
on order or under construction. For general crude oil movements, a new
popular-size range is 250,000 to 300,000 DWT, and there are now two tankers
of 477,000 DWT on order. Tank ships over 300,000 DWT are designed to operate
on specified routes, but the flexibility normally required by tank ship
operators tends to restrict the deadweight tomnnage to the draft limitations
of existing channels and harbors. Accordingly, tank ships in short-haul and
U.5, coastal service today are limited to the 70,000- to 120,000-DWT range.

While most of the increase in U.S. waterborne imports during the 1960's
originated in Latin America, the prospect of increasing export crude oil
availability from that area in the future is not too promising. Accordingly,
most of the increase in .5, 0il import requirements will have to oripinate
in the Eastern Hemisphere. U.§5. West Cogst crude 0il imports will originate
primarily in the Persian Gulf and Indonesia. The Fast or Gulf Coast oil
import requirements could originate in the Persian Gulf, as well as North
and West Africa. In each case, very large crude carriers in the 300,000-
to 400,000-DNT range could be used to transport crude cil in these trades.

Vessels of 300,000 DWT and over draw a minimum of 72 feet of water when
laden, but there are no ports in the United States presently capable of
handling vessels of this size. Large-scale deepwater terminals to service
East, Gulf and West Coast oil import requirements would be necessary.

2., Refineries

Except for residual fuel oil and uncontrelled products such as bonded
aircraft and vessel bunker fuels, it is assumed that national security
considerations would dictate that most of the increased level of imports
would be crude oil. To permit increased imports in the form of finished
petroleum products would be tantamount to exporting refining capacity,

a step which could be considered inimical to the national interest.

1f expanded nonresidual imports are basically in the form of crude oil,
total crude runs in the United States would need to exceed 20 MMB/D by
1985, compared with 10.% MMB/D in 1970. At a 95—¥artant operating ratie,
this would require the construction of 10 MMB/D of refinery crude throughput
capacity in the United States during the next 15 years. By way of contrast,
net additions to operable crude capacity during the last 10 years amounted
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to 2.6 MMB/D. On an annual average basis, the rate of installing new
refinery capacity in the United States during the next 15 years would have
to be 2.5 times the rate of the 1960's.

In addition, refinery capacity would have to be added somewhere in the
Free World to meet the added requirements for residual fuel oil imports to
the United States of 1.5 to 2 MMBE/D by 1985. This could result in the need
for up to 5 MMB/D or total refining capacity, depending on characteristics of
the crude, the fuel 0il yield and the weight percent sulfur of the fuel oil
output., Present U.S., policy would effectively cause most of this capacity to
be built offshore.

The question of site selection for refineries in the United States is
likely to cause severe problems in the future. On the U.5. East Coast,
for example, essentially no net new refinery capacity has been added since
1957, when two new refineries were completed. District I crude runs
represented 32 percent of required total supply in 1960, but only 21.1
percent in 1970. Meanwhile, product demand En District I (excluding residual
fuel 0il which is largely imported) accounts for about one-third of national
demand for light products. Given a situation in which product demand
(excluding residual fuel o0il)} in District I grows 3 MMB/D over the next 15
years, additions to crude throughput capacity on the East Coast should
amount to more than 200 MB/D each year to meet balanced requirements for
refinery capacity. The alternatives to siting refinery capacity on the
East Coast are the U.5. Gulf Ceast and nearby foreign areas. In any event,
the required refinari caPa:ity would have to be accessible to waterborne
crude imports, and this in turn would require deepwater terminals to
accommodate very large tankers.

CAPITAL REQUIREMENTS
1. Tank Ships and Deepwater Terminals

A fleet of 367 foreign-flag tankers of 250,000 DWNT each has been
estimated as the requirement to accommodate incremental waterborne import
needs for the total United States during the next 15 years. It is
convenient to use a 250,000-DWT tank ship as an average because it involves
a known capital cost and because it represents a compromise between the
300,000- to 400,000-DWT vessels used in the long-haul service and the smaller,
T0,000- to 120,000-DWT tankers that would be needed to distribute crude amnd/or
products from the deepwater terminal facility to onshore refining centers
or water terminals. A 250,000-DWT tamker in shuttle service from the
Persian Gulf to the U.S. East Coast via the Cape of Good Hope would have
a delivery capability of 26,500 B/D. Approximately the same volume per
vessel would apply to movements from the Persian Gulf to the U.S.

West Coast.

At $37 million per vessel (the current price quoted for 1975 delivery),
the capital requirement for foreign-flag tankers to meet U.5. oil import
levels during the period 1971-1985 would amount to $13.5 billion. In
addition, the required capital investment for a minimum of three large-
scale deepwater transfer terminals--one for East Coast, one for Gulf Coast
and one for the West Coast--would be on the order of $1 billion.

&, Refimeries
Construction of 10 MMB/D of refinery crude throughput capacity in the

United States during the next 15 years would require capital expenditures
estimated at $12 billion (1970 dollars) over the period.
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Refinery cost studies indicate that the capital investment required for a
complete grass-roots refinery of 200-MB/D capacity on the East Coast amounts
to $346 million, or $1,730 per daily barrel of crude charge. A 100-MB/D add-
on to an existing refinery of at least equal capacity is estimated to cost
$1,800 per daily barrel. In both situations, the refinery facilities are de-
si%ned to process crudes with sulfur contents up to 2.5 percent (by weight).
Refinery output includes a 51-percent yield of a 94 research octane clear
gasoline pool, 26-percent yield of 0.2-percent sulfur distillate heating oil
and a 17-percent yield of l-percent sulfur residual fuel oil. Also included
is recovery of 580 tons/day of elemental sulfur. The refinery construction
costs indicated in these studies normally are considered accurate in the range
of -10 percent to +20 percent.

The replacement of obsclescent refinery capacity would add another $2 bil-
lion or more to the capital requirement. Thus, the total capital requirement
for refineries could exceed $20 billion over the period 1971-1985. In con-
trast, capital spending for refineries in the United S5tates during the previous
15-year period (1956-1970) amounted to $8.9 billion, according to data pre-
vided by Chase Manhattan Bank.

The up-to-5 MMB/D of additional foreign refinery capacity needed to supply
heavy fuel oil could, if built by U.S. interests, add another $5 billion to
§8 billion over the next 15 years, at least half of which could be considered
dedicated to meeting U.S5. needs.

3. North Slope Transportation Systems

The estimated initial investment in a trans-Alaskan pipeline system from
Prudhoe Bay to Valdez, Alaska, and on to the West Coast ports is expected to
be on the order of $3 billion, measured in 1970 dollars. This includes the
pipeline, water terminals in Alaska and California, and coastal-size tankers
to move ¢il from the Valdez terminal to discharge ports in Puget Sound, Long
Beach and perhaps San Francisco. As an alternate, a trans-Canadian pipeline
from Prudhce Bay to Chicago might require an investment of $4 billion or more.
These estimates were not developed independently by the task group, but were
obtained from company representatives familiar with the North Slope situation.

4. Capital Summary

The total indicated capital requirements for refineries and external logis-
tical facilities necessary to meet o0il requirements in the United States add up
to $40 to $43 billion over the perioed 1971-1985. This is summarized in Table
ALV,

TABLE XLYI

0IL LOGISTICS--ESTIMATED CAPITAL REQUIREMENTS
(1971-1985)

£ Billioen

Tankers 13.5
Terminals in U.S. 1.0
Refineries in U.5. 20.0
Refineries Overseas (U.S5. Capital) 2.5 to 5.0
Alaskan Pipelines and Facilities 3.0 to 4.0
TOTAL 40.0 to 43.5
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There is no way to determine precisely how much of this would be U.5. capital.
It seems safe to assume, however, that at least that portion physically located
within the United States would likely be met with U.5. fumnds. This could total
a8 minimum of $24 billion (see Table XLVI), not including capital investment in
internal pipelines and expanded distribution systems in the contiguous United
States necessary to meet progressively higher demand levels. MNo assessment has
been made of the capital call that might be placed on U.S. companies for for-
eign investment in producing operations or in logistical facilities to meet
growing demand for petreleum in foreign countries.

It may be concluded from the conditions imposed by the initial appraisal
that total caﬁital requirements and consequently unit costs for petroleum
products in the United States are likely to rise substantially over the next

15 years.
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Chapter Five

JOINT OIL AND GAS CAPITAL REQUIREMENTS TASK GROUF REPORT

ABSTRACT

The annual capital requirements of the U.5. oil and gas producing industry
are estimated to rise from $4.3 billiom im 1970 to 57.2 billion in 1985 (exclud-
ing Alaskan North Slope). The ability of the industry to provide these sums of
money hinges on three items:

# Levels of production of oil and gas
®» Wellhead prices of oil and pas
¢ The level of profitability of the industry.

For the initial appraisal, the future production of crude o0il and natural
gas (excluding the North 5lope production) is projected to decline from the 1970
level. Throughout the projection period the task group held the price of crude
0il constant, and allowed the price of natural gas to rise only modestly. Ac-
cordingly, the producing industry's gross income (referred to as "net wellhead
value" in Volume One) declines from $12.75 billion in 1970 to $11.2 billion in
1985,

The increase in capital requirements, coupled with a decline in gross in-
come, results in a sharp increase in the proportion of gross income reguired to
be reinvested in order to sustain the assumed rate of exploration and drilling
activity from 38 percent in 1970 to 65 percent in 1985.

To rigorously determine the funds available for reinvestment many items
must be deducted form the industry’'s gross income. These include operating
costs, production and ad valorem taxes, state and federal income taxes, divi-
dend payments, repayments of debt and necessary additions to working capital.
Ealsulatinn of all of these items has not been attempted in Phase I of the
study.

The trend in investment requirements and their impact on the industry can
be assessed at least directionally from an examination of the percent of gross
income required to meet new investment requirements. The calculation of values
for percent of gross income required to be reinvested is shown for e¢il, gas and
industry total in Tables LII, LIII and LIV (pp. 74-76). This indicator declined
from 53 percent in 1960 to 38 percent in IQ?E. The main inference to be drawn
from this decline is that during that decade the industry believed it had better
investment opportunities outside the domestic producing segment of the petroleum
producing industry.

Against a projection background which includes no increase in crude oil
prices and only modest increases for natural gas, it is considered unlikely
that the industry would recognize any incentive to incréase the propoertion of
its gross income to be reinvested in the domestic producing industry.

: If the reinvested income weére held to 38 percent of gross income, the 1985
internally generated funds available for capital investment would be reduced by
$3 billion, and this amount would have to be obtained from other sectors.

The task group made no attempt to develop a statement of the source and

disposition of funds for the exploration and producing function beyond reflect-
ing capital needs in terms of percent of revenue reinvested.
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ASSUMPTIONS

The necessary data for exploration and development capital needs were
developed by the 0il and Gas Supply Task Groups (see oil and gas supply sec-
tions of this volume for details on the derivation of these costs).

The Capital Requirements Task Group made the following assumptions in
order to relate capital expenditures to revenue generated from oil and gas
operations:

. Wellhead price of crude oil would remain at the current average
level of ES.SSIB.
. Forty percent of the current plant value of liquids would be

assigned to the leaseholder.

[ Currently contracted gas would have an average wellhead price of
16.74/MCF, with a 14¢/MCF escalation every 5 years; new gas would
have an average value of 22.33¢/MCF for Onshore and 26¢/MCF for
South Louisiana.

. Royalty costs would be 13.5 percent of wellhead price.

METHODOLOGY

The methodology of allecating historical capital investments to the oil
and gas businesses is outlined below:*

] Drilllnﬁ investments for successful wells were assigned to the oil
or gas business based on the type of completion made,

L Dry-hole drilling costs were allocated between o0il and gas in the
same proportion as successful wells.

» Service well investments were allecated to oil.

[ ] Lease bonus payménts were generally assigned to oil or gas on the
basis of whether the area in which they were made is considered
mainly oil or gas bearing.

[ Geological and geophysical expenses and lease rentals were generally
divided between oil and gas based on the percentage of exploratory
wells drilled for each.

The foregoing historical cost allocation technique was used as the basis
for the future projections of capital requirements by the 0il and Gas Supply
Task Groups. The following is a more detailed discussion of the methodology
that was employed.

Petroleum exploration is directed toward the discovery of o0il and gas.
While some operators may be interested more in one than the other, and some
petroleum provinces may be preferentially oil or gas prone, this is neverthe-
less one business, one technology. For the purpose of analyzing historical
investments, however, it is convenient to view the petroleum exploration and
development industry as two separate businesses carried on by the same company.
The "oil business" is concerned with the discovery and production of crude oil
as the main product, and associated natural gas and gas liquids as the by-
products. Conversely, nonassociated natural gas is the principal product

*ahstracts from a paper by John D. Emerson and Harold D. Hammar presented
March 9, 1971, at the Symposium on Petroleum Economics and Evaluation, Dallas,
Texas.



involved in the "gas business," with nonassociated gas liquids and lease
condensate as by-products. Each of these products has economic value to the

roducer, each involves him in costs, and each contributes to the return on
is investment and subsequently to the funds available for reinvestment.

In this analysis, investment funds have not been allocated between oil
and natural gas, but between the "oil business" and the "gas business," which
are defined on the basis of the principal product sought, as mentioned above.
Rather than use an arbitrary formula, either inveolving BTU's or relative price,
each of the areas of specific direct cost has been analyzed and expenditures
allocated to the "oil business" or the "gas business"™ in a logical manner.

In this allocation of funds, investment values have been used which repre-
sent the average of the latest 10 years for which data are available. These
numbers are taken from the Chase Manhattan Bank's annual publication, Capital
Investments of the World Petroleum Industry.

Table XLVII gives the basic breakdown of total exploration and development
expenditures by the domestic producing industry over the last 10 years.

TABLE XLVII

DOMESTIC FRODUCING INDUSTRY
EXFLORATION AND DEVELOPMENT EXPENDITURES#*
(Million Dollars)

Producing Wells $2,151
Dry Holes E71
Lease Acquisitions 717
Geological and Geophysical Costs 474
Lease Rentals 155

TOTAL $4,378

* Average latest 10 wvears' data.

Of the total expenditures for all exploration and development purposes,
one-half represents the cost of drilling and equipping producing wells. In
apporticning the cost of these producing wells between the "oil business" and
the "gas business" for this analysis, the basic assumption has been made that
operators were looking for what they found., In other words, if the expenditure
of a sum of money resulted in a successful oil well, then that expenditure was

charged to the "oil business," regardless of the original intentions of the
operator.

Using published data on the number of successful exﬁlaratnry and develop-
ment oil and gas wells resulted in the cost allocation shown in Table XLVIII.
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TABLE XLVIII

COST OF PRODUCING WELLS®
(Milliom Dollars)

il Gas
Business Business Combined
Exploratory Wells &0 T 156
Development Wells 1,534 471 2,005
TOTAL 1,614 547 2,161

*  Average latest 10 years' data.

This allocation takes into account the cost implications of the difference
in depth between exploratory and development wells, and between oil and gas
wells, During this 10-year period, the investment in drilling exploratory

wells was about the same in the "oil business" as in the "gas business." For
development wells, howewver, more than three times as much was EEEnt by the
"oil business"™ as the "gas business." This reflects the fact that far more

wells are required to develop an oil field than a gas field of equivalent size.
The cost of service wells, such as water or gas injection wells, was allocated
to the "oil business" as these are generally associated with oil production.

The next largest item of expenditure is the cost of dry holes. One-fifth
of the total amount spent on exploration and development during this decade--
$87]1 million a year--was devoted to this nonproductive but necessary research
trp; uﬁtivity+ Dry holes do not produce oil or gas, but they certainly help
to find it.

Satisfactory data exist on the actual number of dry hoeles, classified by
the industry as exploratory or developmental, Not surprisingly, the number of
exploratory dry holes account for two-thirds of the total. At this stage in
the game, the industry is primarily looking for hydrocarbon-bearing structures
rather than oil or gas specifically. In a sense, dry-hole costs are a form of
"research” expenditure, and one allocation of these costs between the "oil
business" and the "gas business" would therefore be in the same proportiocn as
the number of successful wells adjusted for differences in per well costs due
to depth, etc. It must be recognized, however, that this is an oversimplifi-
cation adopted as an analytical expedient. At the development drilling stage,
even though there are no separate figures for dry holes drilled in oil and gas
fields, it was assumed that the industry enjoys the same relative success
ratio in the development of both oil and gas. The results of these alloca-
tions are shown in Table XLIX.

TABLE XLIX

COST OF DRY HOLES®
(Million Dallars)

0l Gas
Business Business Combined

Exploratory Holes T3 301 574
bDevelopment Holes 206 8 297
TOTAL 479 392 BTl

* Aaverage latest 10 years® data.
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Almost as large as the expenditures made for dry holes are the non-
productive lease bonus payments made mainly to government--over $700 million
a year in this decade. In contrast with the situation for dry heles, these
lease bonus payments do not add any information which is valuable in the
search for oil and gas deposits. To be consistent, these leases should be
explored and fully ﬁﬂ?ﬂlﬂp&d before allocating the costs in proportion to the
successful oil and gas wells drilled on them. In order to use the most recent
data, however, these costs have been allocated on the basis of whether the
areas involved are gemerally considered by the industry to be mainly oil bear-
ing or gas bearing.

Two other items of exploratory cost complete the list--geological and
geophysical expenses and lease rentals. These are, strictly speaking, non-
capital items, but they are usually included in the total exploration and
development expenditures, These items have been divided between the "pil
business" and the "gas business" on the basis of the proportion of exploratory
0il and gas wells drilled,

The allocation of lease bonus payments, geological and geophysical ex-
penses and lease rentals to the "oil business" and "gas business" is shown in
Table L.

TABLE L

OTHER EXPENDITURES*
(Million Dollars)

Dil Gas
Business Business Combined
Lease Acquisitions 500 217 717
Geological and Geophysical Costs 303 171 474
Lease Rentals 94 61 155

* Average latest 10 years' data.

Table LI summarizes the allocations of the various exploration and de-
velopment costs listed in Table XLVII between the "oil business" and the "gas
business."

TABLE LI

DOMESTIC PRODUCING INDUSTRY
EXPLORATION AND DEVELOPMENT EXPENDITURES#
(Million Dollars)

Eug%iess BUE;:ESE Combined
Producing Wells 1,614 S47 2,161
Dry Holes 479 392 871
Lease Acquisitions 500 217 717
Geological and Geophysical Costs 303 171 474
Lease Rentals 94 61 155
TOTAL 2,990 1,388 4,378

* Average latest 10 years' data.
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During this decade, more tham two-thirds of the total investment was made
by the "oil business" and just under one-third by the "gas business."

RESULTS
PRODUCTIOR VOLUMES

Production volumes were obtained from the 0il and Gas Supsly Task Groups.
(5e¢ those sections for more detail.) HNatural gas liquids produced prior to
1966 were allocated to associated and nonassociated cntagnfias in proportion

to associated and nonassociated gas reserves.

PERCENT OF GROSE INCOME REINVESTED

The capital costs and production volumes for the oil and gas segments of
the petroleum industry were used, together with the assumptions indicated
above, to analyze the relationship of capital requirements to gross income
gegerated from production. This analysis is detailed in the following three
tables.

TABLE LIT
OIL BUSENESS (LOWER 48 STATES])

Asrusl Prajscted
1960 1870 1978 L9EG 1385
1. Crude 001 Produccion
[exclizdes Condensate)--MME 1,47 3,518 3. 110 p- 2 ] 1,500
. Wellhead Price--5/bbl .87 3.13 3.3% 1.1% .38
1, Crude 011 Value--§ millliss
[Lime 1 x Q1in& 2} 7,109 16, 388 10,451 9,916 B,.71%
&, Assaciaved Marural Gas
Froduction I_TEI-'] 1.7 iz 4.2 3.8 2.3
§. QCas Price at Mell«-¢ /MCF
[excludes value of liguids) 11.8 15.0 16.1% (1.1 0.5
6., Asgociaved Gas Value--§ sillion
(Iime 4 x 1ine 5) 407 TR S o7 471
T. Associated WEL Product ios--HMB 198 Fi1] 11y P ] 131
¥. Lease Value of Associated NGL--
1 B -BF .1 A .
#. Asscciated WGL Yalue--§ million
{limne 7 x Qine &) 190 153 183 174 108
10, Total Yalue of Froductiosn--
§ mlllion [llnes 3 + & = ) T 108 11,49 11,510 10,797 10,392
11, M als o Royalty Owmers--
million 1,040 1,532 1,528 1,458 1,389
13, Gross Income to Imdustry--
§ millioa {line 10 - line 11} i, 066 2,817 9,792 9,339 B, 703
1%, Capital Imvestments--§ milliom I,Be5 1,809 5,900 4,010 5,500
14, FPercemt of Gross Income Reinvested
{lime 13 x 100/1imne 12) a3 4 L a0 a9 [.1-]

® 1970 figure of ¥%-percent gross income reisvedted differd from the IE percent
FERATE in Voluse Oae bécadic Sofe rafenl revenud dita have been Incorporated
into chése STACERERTS.

ROTES

Line 1=-Actuanl From APl Reserves Committes. Projeccion from NPT Oi1 Sup;ly Task Group.

Ling 2--Acrual from U.5. Buresu of Mines. Projection by NPC Dil Supply P

Line d--Aczusl based om AGA Reserves Committes data. FProjection from MPC Gas Zupply
‘.I'"l Erm'p. based on associaked gas reserve additions from the 0il Smlj' 'I'll'l:

Line !"M::-é caloulated from U.5. Bureaw of Minos data. Projection by NPC Gas Supply
Taxz TOWP.

Line 7--Acuiasl a:‘;“ of AGA Reserves Committes data. FProjection from NPC Gas Supply
Task Group.

Lire A--Actoal based om U.5. Burean of Mines data. FOTLy percaent of plant value of
ligquids is allocated back ©o the producer. FProjection by NPC Capital hllﬂ-l’l'
BERLS TaSE Group,

Lime 11--Gross royalty payments are satimated to be 15 perceat. It & Belleved, T -
gver, that about 10 porcent ©f royally payRents accrue 1o P‘Hl'd'll.'-’-ll COREETNSE -
Ket royalty paymemtis equal to 13.5 percent of wellhead walue have sccordingly
been used.

Line 13--Ackual entimated by Chase Masphattan Bank, "ﬂ'{"ﬂllﬁll made by Chase Hamhattan
Bank based on data supplied by the MPC 0il Supply Task Group.




TABLE LITI
CAS BUSINESS (LOWER 48 STATES)

__ hemual Projecied
1960 1870 1975 1580 1985
1. HNonassocliated Gas Production
(TCF) 5.4 17.1 15.6 1Z.5 10.7
1. Wellhead Price--¢/MCF
(exeludes value of ligquide) 11.0 15.0 16,3 168.8 0.5
1. Honassociasted Gas Valpe--
f million (line 1 x line I} 1,028 1,568 2,542 1,515 2,194
4. Honassoclated MNGL Production--
MMB 141 ZET 115 217 175
£. Lease Value of Nonassociated
NGL-=§/bbl LG8 BB N .M A
§, HNonassociated WGL Value--
§ million [line 4 x line 3] 135 3l4 263 174 158
¥+ Condensate PFroduction--MMB i 134 140 109 T&
8. Wellhead Price--5/bbl 3.37 .03 3. 85 J.85 H.83
9. Condensate Value--§ million
(line 7 x line B) L] 486 539 420 193

10. Total Yalue of Froduction--

§ million (lines 3 « 6 « 9) 1.473 3. 568 3,344 1,919 1,025

11. Payments to Royalty Owners--
million 159 455 451 ki1 154

12. Cross Imcome to Industry--

§ million (line 10 - line 11} 1,274 1,613 2,853 2,525 2,271

13. Capital Investments--§ million 1,555 T o0 1,638 1,856 1,882

14. Fercent of Gross Income Reinvested
[line 13 x 100/1ine 12} 106 o= &3 T4 B3

= 1970 figure of 69 percent of gross income reinvested differs from the &7 percent
reported in Volume One because Bare Tecent revenus data have been incorporated
inte these statements.

NOTES:

Limne 1--Actual from AGA Reserves Committee, Projection from NPC Gas Supply Task Group.

Line I--ﬁ:t:lé caleulated from U.5. Bureau of Minss data. Projection by NPC Gas Supply
Task Greoup.

Line 4--Ectul] EEE-& on AGA Ressrves Commitves data. Projection from NPC Gas Supply Task

Taup.

Line §--Actusl based on U.5. Bureau of Mines data. Ferty perceant of plant wvalue of 1i-
?nl::ﬂl.: allocated back to the prodwcer. Projection by NPC Capital Reguirements

ask Croup.

Ling 7--Actual based on AGA Reserves Committec data. Projection from NPC Gas Supply
Tasgk Orewvp.

Line B--Value of condensate was estimated by the NPC Capital Requirements Task Group te
be 50¢ = barrel above the walue of crude oil.

Line 1l--Gross royalty payments are estimated to be 15 porcent. It is believed, however,
that about 10 percent of royalty payments sccrue to producing concerns. Net
royalty payments egual to 13.5 percent of wellhead valus have accordimgly been used.

Line 13--Actual estimated by Chase Manhattan Bank. Projection Supplied by NPC Gas Supply

Task Group.

TABLE LIV
OIL ANMDF GAS COMBINED (LOWER 48 STATES)

Actual Frb!l:tld

Gross Income to Industry--
§ million 7,340 12,750 12,657 11,858 11,205

Capi

tal Investments--

million 4,200 4,800 5,746 6,476 7,042

PFercent of Gross Income
Reinvested 53 Ige 45 g4 13

#1970 figure of 38 percent of gross income reinvested differs from the 37 per-

cent veported in Volume One because more recent revenus data have been Incor-
perated into these statements.
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Chapter Siz

GAS SUPPLY TASK GROUP REPORT

ABSTRACT

Gas markets, in recent years, have been characterized by rapidly increas-
ing demand and lagging additions to supply. Supply limitations are now begin-
ning to restrict demand gprowth. Following are several major factors pertinent
to the future of gas supply:

¢ There remains to be discovered 795 TCF of natural gas in the lower
48 states and 432 TCF in Alaska for a total of 1,227 TCF.#*

# Based on the assumptions set for the initial appraisal, the natural
gas reserve additions for the period 1971-1985 are estimated to be
141 TCF (145.51 quadrillion BTU's), which is a little more than 10
percent of the remaining potential.

¢ Costs and prices of liquefied natural gas (LNG), natural gas from the
Morth Slope and Canadian Arctic, and gas from coal and liquid hydro-
carbons will be substantially higher than those for currently produced
domestic natural gas.

¢ Conventional exploration and development of natural gas reserves in
the lower 48 states and adjacent offshore areas offer: (1) the great-
e5t and earliest potential sources of additional gas supplies, (2) the
most economical sources of gas supply, and (3) the most secure sources
of gas supply.

¢ Capital requirements for the period 1971-1985 for exploration and de-
velopment of natural gas in the United States are estimated at §27.735
billion.

e Because of the resource base adequacy, production rates and supply
volumes could be largely expanded by an increase in drilling activity
which is a reflection of added economic incentives.

¢ Domestic matural gas production for 1970 and estimated production from
the lower 48 states for the years 1575, 1980 and 1985, and the estimat-
ed total gas supply (including synthetic pipeline gaz and imports), are
as follows:

Lower 48 States Total Gas Supply
Year (TCF) [TCE)
1370 21.82 22.74
1975 19.80 21.72
1980 16.30 21.77
1985 13.00 21.49

*Potential Supply of Natural Gas in the United States (as of December 51, 1868),
a4 Potential Gas Committes report sponsored by Potential Gas Agency, Mineral
Resources Institute, Colorado School of Mines Foundation, Inc. (Goldenmn,
Colorade, October 1§ﬁ9]+



® Indicated shortfalls in the gas supply are as follows:

Trillion Cubic Feet

1975 7.60
15980 11.84
1985 17.38

The following sections of this chapter describe the underlying assumptions
and resulting projections concerning gas supply and gas reserve additions.
These are, in turn, followed by discussion of the factors governing the pro-
jection. Particular emphasis is given to nonassociated gas reserves which
constitute the largest single component of gas supply.

SUMMARY OF THE GAS SUPPLY TASK GROUP REPORT

ASSUMPTIONS

The initial appraisal analysis by the Gas Supply Task Group of the Gas
Subcommittee, for the 15-year period 1971-1985, involves projecting (1)
domestic nonassociated natural gas supply and liquefied petroleum gas (LPG)
availability; (2) imports of natural gas from Canada, Mexico and the North
Slope of Alaska; (3) imports of LNG; and (4) the manufacture of pipeline
quality gas utilizing synthetic gas technology. Projections of the associated
and dissolved natural gas reserve additions were furnished by the 0il Supply
Task Group of the 0il Subcommittee.

Actual production is shown for the year 1970, and future producing rate
levels have been projected for the years 1975, 1980 and 1985. Projections of
domestic wellhead production are shown by region, utilizing the geographical
boundaries applied in the National Petroleum Council's Future Petroleum
Provinces of the 0.5. report.

Projections for this initial appraisal have been made on the basis of the
assumptions described herein which relate to government policy, wellhead price
regulation and logistics. Projections have also been made for capital re-
quirements and operating expenses supporting the projections of reserve addi-
tions and production.

The following assumptions were utilized by the Gas Supply Task Group for
the initial appraisal.

1. Por Natural Gas Reserve Additions Through 1885.

» Reserve additions for the lower 48 states are attributable to the
Potential Gas Committee's "probable" reserve category.®™ Projections
for the North Slope of Alaska are based on the task group judgment that
0il exploration activity will provide wirtually all natural gas
reserve additions during the study peried.

# A nationwide new wellhead gas price of 22.33¢ per MCF for the United
States, except South Louisiana, and 264 per MCF for South Louisiana.
[These base prices were escalated at the rate of 1¢ per MCF every 5
years.) The nationwide price of 2Z.33¢ per MCF will be at 14.065 PSIA
pressure base excluding state production taxes, while the South Loui-

*Potential Supply of WNatural Gas in the United States (as of December 31, 1868),
a Potential Gas Committee report sponsored by Potential Gas Agency, Mineral

Resources Institute, Colorado Schoel of Mines Foundation, Inc. (Golden,
Colorado, October 1969).
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siana price is at 15.02 PSIA and includes state production taxes.
Adjustments for BTU content will be recognized in the above price
structure which follows the suggestions of the Federal Power Commis-
sion staff in Docket R-383-A.

State and federal government agencies will continue to offer offshore
oil and gas leases in the lower-48-state area covering approximately
one-half million acres of land each year. This expectation, stated
as an average, is consistent with past experience.

There will be no appreciable changes in present federal policies re-
garding tax incentives and oil import controls.

A minimum of three years will be required to mobilize the equipment
and personnel necessary to raise current drilling levels sufficiently
to achieve the maximum level of annual reserve additions projected.

Some delay between the time of discovery and the subsequent production
of new gas reserves is normally unaveidable. In more remote areas of
the lower 48 states, delays of 18 months for onshore and three years
for offshore may be assumed. Alaskan discoveries may experience a
more lengthy delay.

Production levels of natural gas were estimated by assuming a reserves/
production (R/P) ratio of 10 in each of the NPC regions; for those
regions where the R/P ratio is currently above 10, production was in-
creased at a 6-percent annual rate over the prior year until an R/P
ratio of 10 was attained. Based on industry experience, an R/P of 10
was regarded as the minimum that could be tolerated without significant
and recurrent curtailments in service.

For Pipeline Importe

The United 5tates now receives and will continue to receive pipeline
gas imports.

The imports from Mexico are small and are not expected to increase.
It is contemplated that existing contracts governing imports from Mexico
will not be renewed.

The import volumes from Canada are assumed to be those which the Canadian
National Enerﬁy Board has declared to be "surplus beyond Canada's re-
quirément" and available for export.

The first natural gas pipeline from the North Slope of Alaska to the
lower 48 states will be supported by the North Slope Alaskan reserves
discovered to date, Gas production will not be marketed until a crude
01l transportation system is completed. No new complete gas pipeline
system will be added until further natural gas reserves are developed
to support such a system. However, incremental leooping capacity may
be added to the initial system.

For LNG Supplies

Sufficient reserves will be available from each source of supply to
support projects with the volumes indicated in this report for at least
20 years. The minimum quantitﬁ of gas reserves rEquired for a viable
LNG project was considered to be 12.5 BCF for each M4CF/D delivered.

Due to the sizable capital requirements to mount an LNG project, such
projects must be capable of delivering a minimum of 500 M2CF/D at the
point of reégasification over a 20-year period. This does not preclude
consideration of smaller-volume projects where the political climate
at the source of supply is considered stable, supply is essentially at
the shore, and hauling distance is relatively short so that a minimum
of 300 MICF/D might be considered.
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® The price structure for LNG at all points--field, f.o.b., c.i.f. and
after revaporization--will be sufficiently attractive to engender the
investment(s) necessary for an LNG supply project.

# The monies required will be available to finance the various LNG
projects contemplated.

e Shipyard capacity will be available for the construction of the LNG

tankers required, assuming that the LNG tankers needed will be at least
in the 750,000-barrel class with a draft of 36 fest.

e Regulatory authorities in the producing and consuming countries,
whether international, national or local, will grant the needed permits.

4. For Synthetic Pipeline Cas

® FProduction will be limited to the reforming of petroleum liquids and
to the gasification of domestic coal.

& Reforming technolegy is known, but the product prices will be signif-
icantly above current domestic natural gas prices.

e Coal gasification technology is known for low-BTU gas, and the process
for pipeline quality gas is under development.

&. For Liguefied Patroleum Cas

e Natural gas production will occur as projected, based upon the reserve
additions projected in this report.

o Historical trends as to gas composition and processing levels at pas
plants will not change.

8. Por Ligquefied Petroleum Gas Imports

e Projections of U.5. LPG imports were based on estimates, by continent,
of the Free World's future supply and demand of LPG. In general, im-
ports from Western Hemisphere sources are expected to continue with
essentially no restrictions. It is further assumed that any existing
restrictions on sources from other areas of the Free World will be re-
laxed before the end of the 1970's.

e A majority of the excess supplies from the Western Hemisphere are ex-
pected to be marketed in the United States throughout the forecast
period., Future developments are expected to result in Eastern Hemi-
sphere exports to the United States commencing in the late 1970's.

TOTAL GAS SUPPLY PROJECTION

U.S. gas supply in 1970 and the projections of future supply in the years
1975, 1980 and 1985, based on the foregoing assum?tiunﬁ, are shown in Table LV.
There is a decline in wellhead production in the lower 48 states from 21.82 TCF
in 1970 to 13.0 TCF in 1985. Total gas supply available to the United States
was 22.74 TCF in 1970 and is projected to decline to 2Z1.45 TCF in 1885. The
8.82 TCF decline in wellhead production in the lower 48 states from 1570 to
1985 is largely offset by imported LNG, imported LPG natural gas from Alaska's
North Slope and synthetic piguline gas, all of which involve costs dnd prices
substantially in excess of those for currently produced domestic natural gas.
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TABLE LV
GAS SUFPLY FOR U.5.
{Quadrillion BTU's)
1570 1575 1580 1985
(1 i EE B0 il
U.S. [Except Korth 5lope) i1.82 11.52 19.80  20.43 16.30  16.82 13.00 13.41
Morth Slope i =as o L 1.17 1.1 1.50 1.5%
Syathetic P/L Gas == === 0,37 0,18 0.55 .57 0.91 0.94
Total Domestic Supply 1.82 22.52 0,17  10.81 18.02 18.60 15.41 15.%0
Imparts:
Canada 0.83 0,86 1.15 1.19 1.15 1.18 1.15 1.18
Mexico 0.05 0.05 0.05 0,05 === e = ===
LKG LEEL - 0,18 0.19 z.10 2.17 4.00 4.13
LFG .04 a.04 6.17 6.13 0.50 n.52 6.9% 0.56
Total Imports 0.92 0.95 1.5 1.8l 3.75 3.88 .08 6. 28
TOTAL GAS SUFFLY 22.74 13.47 .72 I1.41 21.77 2l.48 21.4% 2i.18
% Less than 10 BCF per year.

Reserve additions for the lower 48 states for the periods 1971-1375,
1976-1980 and 1981-1985 are shown in Table LVI under the categories of "non-
dssociated”™ and "associated and dissolved" gas.

TABLE LVI

RESERVE ADDITIONS 1971-1985
LONER 48 STATES®
(Quadrillion BTU's)

Total Henadapeiated Ea;?::;::gd

1871-75 50 £1.60 43.52 44q.91 G.43 5.6%
1976-80 a2 5}.66 46 . 34 47.82 L.60 584
198185 38 _40.25  33.86 _3a.9% S.14 _5.30
TOTAL 141 145.51 123.72 127.68 1v.28 17.83

® Heonassoclated estimpted from the Gas Equlr Task Ernug.
Gas Subcommitiee. Associated and dissolved estimate {rom
the 011 Supply Task Growp, Dil Subiommittec.

Actual reserve additions for the lower 48 states and Alaska for the years
1966 through 1969, the preliminary estimate of 1970 additions and the projec-
tions for the years 19?? through 1985 are shown in Table LVII. Volumes of
natural gas reserve additions under the categories of "associated and dissolved"
and "nonassociated" for the lower 48 states, Alaskan North Slope and offshore
are shown in Table LVIII for the years 1970, 1975, 1980 and 1985. Also shown
on Table LVIII for the same years are natural gas liquids, condensate and gas
plant liquids.



TABLE LVII

NATURAL GAS RESERVE ADDITIONS®
(Trillion Cubic Feet)

Lower 4%
_States Alaska Total
Actual
1966 19.3 0.9 20.2
1967 21.1 0.7 21.8
1968 1.0 1.7 13.7
1969 8.3 o= 8.3
Projected
1970 11.0 26.0 7.0
1971 8.0 0.0 8.0
1972 10.0 1.0 11.0
1973 10.0 1.0 11.0
1974 11.0 1.0 12.0
1975 11.0 1.0 12.0
1876 11.0 1.0 12.0
1977 11.0 1.0 12.0
1978 10.0 1.0 11.0
1979 10.0 1.0 11.0
1980 10.0 1.9 11.0
1981 9.0 2.0 11.0
1982 2.0 2.0 10.0
1983 8.0 2.0 10.0
1984 7.0 2.0 8.0
1385 7.0 2.0 9.0
1960-1970 7l.7 29.3 101.0
1971-1975 50.0 4.0 54.0
1976-1980 52.0 5.0 57.0
1981-1985 39.0 10.0 49.0

*® Reserve additionz for the lower 48 states are
attributable to the Fotential Gas Committee's
"Probable" reserve category (see p. 106).
Frojections for the North Slope of Alaska are
based on the task group judgment that oil ex-
ploration activity will provide virtually all
natural gas reserve additions during the study
period.
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TARLE L¥YI1I '
SUMMARY OF DOMESTIC GAS AND GAS LIGUID SUFFLY

Tokal Cas ARD WA RGL Coadeniats Gas Pleat Ligquids
Res Tear End Year End Tear End Tear End
Adds  Pred. Ran Prod. Bes Frod, Ras Fiad, e Frod . Total Etkans r::l:.u Butass Femcans
frcry  (TCF) (TCF), e v i LWCF)  _(TCE) o) (o) PR} [oa) (M) 1 L] el ¥
13 Fimies
19ma 11.1 1.8 1588 4.8 BE.3 | i ] 3.3 TAT 7,03 154 B3 &4 110 LEE) 181
mers il.0 15.8 103.1 a.1 w7 5.8 16I.4& il 5,321 hEE:) L1T ] L1 w1 1M 1Te
1989 G0 [T ] 186.0 3.5 5.1 2.8 1d1.0 EE1 Y 3,083 11l e L] aF 15y 108 FE 1]
ey F.o i%.0 Tie.a 1.3 8.1 i@. T 118.3 L8 -] I, 389 T8 b 13 L i L)
Alngkan
Markh Slops
e ] 6.0 6.0 s
1098 1.0 S—_— 8.0 - L0 p— mm s [ —_—
1084 1.8 1.k 0.5 1.k 8.8 - LT was ] L] Ll n ] 1
198% r.a 1.5 0.7 I.§ 33.7 LLs (31 1,018 13 b - i ] # 1
TOTALS
ieva 1F.1 .8 J85.8 A8 BI.3 (e} Iex.3 TaT ¥, o3 154 813 &5 10 lda 193
1078 Ir.8 1.4 133.1 [ | Te.1 5.8 16k (31 ] 5,80 Lin 551 LI 181 13 i
1amg 1.0 iT.8 i91.3 .0 84,3 11.4 141.0 Lt2 L. 587 11l 478 L] 175 11 (TE
1985 F.0 14.% 160.1 3.5 51.8 Id.T 118.3 a3l 5583 L}] 344 ¥ 132 L1 11
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RATIONALE
1. Introduction

All estimates of original gas-in-place in the lower 48 states and Alaska,
onshore and offshore, greatly exceed production to date. The Gas Supply Task
Group relied upon the Potential Gas Committee report® to provide the resource
base. (Under that assumptiom, future gas supply through the turn of the cen-
tury could be assured if discoveries of sufficient magnitude occur on a timely
basis.) Therefore, the projections made by the Gas Supply Task Group for the
period 1971-1985, as shown in this summary, are not restricted by limitations
on potentially available reserves. These projections reflect only the judg-
ment of what is expected to occur in terms of future gas supply under the con-
ditions assumed for the initial appraisal.

Guidance in the selection of a regulated wellhead price for purposes of
this study effort was provided by consideration of a pertinent Federal Power
Commission proceeding. The recommendation by the staff of the Federal Power
Commission (Docket R-389-A) of 22.334 per MCF as of 1969, exclusive of state
production taxes,; was the one adopted for purposes of this study for new gas
in all areas except South Louisiana. The South Louisiana price recommended
by the staff of the FPC in the same proceeding, of 26¢ per MCF (including
state production taxes), was adopted for this initial appraisal.

The Gas Supply Task Group does not endorse or reject the prices utilized.
Its analysis reflects only its judgment of the effects of the prices assumed
to be in effect during the initial appraisal study peried 1971-1985,

2. (General

The Gas Supply Task Group projection of 123.7Z TCF of nonassociated gas
reserve additions, when added to the 17.28 TCF of asscociated and dissolved gas
reserve additions projected by the 0il Supply Task Group, results in gross
additions to reserves of 141 TCF for the study period 1971-1925 (see Table LVI,
p. 81). During the 2Zl-year period 1950-1970, associated and dissolved gas
represented approximately 24.5 percent of annual additions to reserves as con-
trasted to only 12.26 percent during the period 1971-1985. The reason for this
departure from past experience is that a much larger proportiomn of future cil
production is attributed to secondary and tertiary recovery operations which
do not result in associated and dissolved gas reserve additions.t

For purposes of a comparison relating to nonassociated gas reserve addi-
tions, a purely statistical trend analysis projection is shown with the task
group projection in summary form in Table LIX.

The independent statistical projection is 29.28 TCF higher than the task
group forecast, a difference averaging slightly less than Z TCF per year. This
independent projection was neither influenced by the continued significant de-
¢line in the number of wells drilled (see Table LX) nor by the results exper-
ienced in the years 1968, 196% and 1970 when reserve additions in the lower 48
states declined rather dramatically. On the basis of those factors and the
following discussion which provides the detail and perspective governing the
Gas Supply Task Group projections, this difference appears reasonable.

*Potential Supply of Natural Gae in the United States (as of December 31, 1088),
a Potential Gas Committee report sponsored by Potential Gas Agency, Mineral
Resources Institute, Colorado School of Mines Foundation, Inc. (Golden,
Colorade, Qctober 1969).

tFor a more detailed discussion see the 0il Supply Task Group Report.
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TABLE LIX

COMPARISON OF NONASSOCIATED RESERVE ADDITIONS--1971-1985
(TCF)
Task Group Independent Difference
Forecast Frojection® (Col.Z v. Col.1)

1971-75 43.52 54.0 (10.48)
1976-80 46.34 51.0 ( 4.66)
1981-85 33.86 48.0 (14.14)
TOTAL 123.72 153.0 (29.28)

* Analysis and projection for the National Petroleum Council
by Mr. C. L. Moore, Petroleum Consultant, based on appli-
cation of statistical trend analysis (Gompertz Curve) to
American Gas Association historical data for the years
1830=-1962, a 32-year period indicating high correlation of
significance from linear regression analysis.

#. WNonassoociated Gas Reserwve Projection

Natural gas reserve additions in the lower 48 states in the years 1968,
1969 and 1970 were below consumption levels and significantly below the lev-
els of reserve additions for each year since 1954. Much of this decrease can
be attributed to the level of drilling activity. Table LX shows a 31-percent
decline in the number of gas well completions between 1961 and 1969. There
are many economic factors responsible for this situation.

Based on Table LX data, there has been a 12-percent increase in average
gas well depth during the pericd 1961-1969 in contrast to a well cost in-
crease of approximately 62 percent. During the same time interval, there
has been a small wellhead price increase for regulated production which, in
terms of constant 1970 dollars, results in a net decrease in the price re-
ceived by the producer. The initial appraisal seeks to present the forecasts
and projections in terms of 1970 dollars. However, the mode of regulatory

rice control of gas sold interstate requires consideration of the assumptions
escribed herein %ur prospective wellhead prices. Table LXT displays the
average wellhead price by year for the period 1961-1970 and the wellhead price
for new gas during the pericd 1971-1985 in terms of constant 1970 dollars.

Examination of Table LXI, column 3, reveals the extent of the constant
dellar decline in wellhead price during the 1961-1970 interval. As a result,
the price increase for new gas in 1971 is slightly greater in relation to
the 1970 price than it is to the 1961 price when all are expressed in con-
stant dollars. Column 3 also shows that a 1¢/MCF increase at S-year
intervals does not keep pace with the modest 2.7-percent annual inflationary
factor used for illustrative purposes.

The initial effect of the higher regulated price assumed for new gas on
gross income to the producer segment of the industry will be limited because
the major share of production involved lower-priced oid gas. Other factors
tending to partially offset the positive influence of a higher wellhead price

are the economic consequences of the Tax Reform Act of 1969 accompanied by the
lowering of the depletion allowance from 27.5 percent to 17 percent.
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98

Av, Drilling CostfWell [$000)

0il
Gas
Dry

All Wells
Av. Drilling Cost/Foot (§)

il
Gas

Dry
All Wells
Av. Depth ([Feat/Well)
ail
Gas
Dry
Total
Ho. Wells (000)
0il
GAS
Dry
Total

Frices (4/MCF)
Hatural Gas & Well

B6.5
154.13
T0.2

BB.6

19.28
£5.58
13.23

17.56

4,486
6,034
5,307

5,044

12.9
12.6
258.5

16.7

OIL AND GAS WELL STATISTICS

TABLE LX

78.1
148.5
6.2

Bl.5

1B8.63
24,08
12.88

16.83

4,246
6,177
5,137

4,839

15.48
12.4
28.6

16.4

(- - ]

16.61
23,05
12.8%7

15.97

4,013
6,116
4,71

4,566

16.0

1366

e —

62,2

133.8

56.9
GE.4

15.04
21.75
12.34

14.95

4,134
6,151
4,614

4,575

15.5
14.6
J4.5

15.7

56.6

101.9

53.1
ol .6

13.54
18,35
11.21

13.44

4,059
5,552
4,739

4,513

—

—
o L]

5]
] L L]
o DD

15.6

50.6
104.8
48.5

55.8

13.12
18,57
10.64

12.86

3,854
5,641
1,560

4,340

51.8
9I.4
48.2

33.0

15.20
17.19
10153

12.6%9

3,922
5,373
4,556

4,556

54.2
8r.1
50.8

af.o6

13.41
18.10
11.20

13.51

4,041
5,366
4,533

4,405

1961

51.3
45.2
54.5

13.11
17.65
10.56

12.85

1,911
5,366
4,284

4,244




Coupled with the cost and price factors discussed above is the disappoint-
ing downward trend in nonassociated gas reserves found per foot of gas well
drilled, as illustrated in Figure 11. The Eraph pictured also shows that the
Gas Supply Task Group projection is above the level of the experience trend
for the last 5 years. From 1971 on, a recovery from recent poor results is
indicated. By 1976 the projection rises above an extrapolation of 1950-196%
experience and remains above that trend for the remainder of the study period.

The relationship between increasing gas well costs and downward trend in
nonassociated gas reserve additions resulting from drilling can be directly
translated into an expenditure analysis. Figure 12 illustrates historical
experience in nonassociated gas reserve additions per dollar spent for ex-
ploration and development drilling. Curves extrapolating 1952-1969 data and
1965-1969 data are shown for comparison.

In the late 1560's a turning point is evident, with costs rapidly escalat-
ing and nonassociated reserve additions declining. This can be largely attri-

buted to the higher costs of drilling including inflationary factors, drilling

TABLE LXI
MATURAL GAS WELLHEAD PRICE--ACTUAL AND DEFLATED
(Wellhead Price Increases 1¢/MCF at 5-Year Intervals)
Wellhead Price Col.2 Wellhead Price Col.d
Price Index Frice/MCF Adjusted by Price/MCF Adjusted by
Year 1970 = 100* [USEM) Index Col.l South La. Index Col.l
1961 B5,58 15.1 17.64
1962 85.84 15.5 158.05
1963 85.58 15.3 18.46
1964 85.75 15.4 17.95
1965 B7.46 15.6 17.83
1566 90.36 15.7 17.37
1967 90.53 16.0 17.67
1968 g92.83 16.4 17.66
1969 96,42 16,7 17.52
1970 100.00 17.1 17.10
1971 102.60 22.334 21.76 26.0 25.34
1972 105.37 21:.19 24,67
1973 108.22 l Z0.63 24.03
1574 111.14 20.09 22.39
1975 114.14 19.56 ' 12.78
1976 117.22 75.33 15.90 7.0 13.03
1977 120.38 19.38 22.43
1978 125,63 18.87 Z1.E4
1979 126.97 18.37 21.16
1080 130, 40 17.89 Y 20.71
1981 133.92 24,33 18.17 28.0 20.91
1982 137.54 17.69 20.36
1943 141.25 17.22 19 .82
1954 145.07 16.77 19.30
1985 148.98 16.33 Y 18.79
* ]961-1968 extrapolated from Wholesale Price Index;
1957-1950=100; 1569-1971 inflationary facrtorszs reported in
Wol.C.B,, 1972-1985 estimated using 1965-1970 average in-
flationary rate of 2.7 percent per year.
t Initial appraisal assumptions for New Gas with 1¢/MCF increase
&t S5-year intervals.
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Figure 11. Nonassociated Gas Reserves Added per Foot of Hole Drilled
(Productive Wells Plus Dry Hole--Gas Wells).
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to greater depths in certain geological provinces, drilling in more expensive
operating areas such as offshore and finding smaller volumes of gas per foot
drilled.

The projection by the Gas Supply Task Group contains a leveling out of the
most recent experience but does reflect a continued modest decline because real
costs are expected to continue te rise. The expectation of increased activity
in the more hostile environments and, therefore, essentially more expensive
areas of future drilling activity will be a major influence.

Table LXII shows relative cost comparisons between current onshore drilling
expenditures and offshore and Alaskan costs. Offshore costs are four to five
times as great, and Alaskan wells are some six to twelve times as costly as
inland wells.

The need to emphasize deeper offshore and Alaskan drilling is supported
bﬁ the interpretive work reflected in Figures 13 and 14, These illustrations
show that more than 60 percent of the next 320 TCF of gas reserve additions will
most likely be found at depths below 15,000 feet, and approximately 50 percent
of those reserves will be located offshore and in Alaska.

The capital requirements analytical forecast shown in Table LXIII contains
exploration and development expenditures and nonassociated gas reserve additions
per dollar expended. It is an extrapolation from historical data, which re-
flecteq primarily shallower onshore activity, and is therefore regarded as con-
servative.

The factors discussed above which produced the foregoing data support the
construction of Tahle LXIV, which reflects gross annual revenues expected from
wellhead sales. These revenues are shown to decrease more than 22 percent
from 1971 to 1985 as gross wellhead production declines over 41 percent. Con-
densate production volumes, projected on the basis of natural gas production,
are also shown with the revenues expected to be derived therefrom. Total
revenue from natural gas and condensate sales declines over 25 percent. These
economic circumstances require the reinvestment of a rather dramatically in-
creasing proportion of the grucaads from production to sustain the expleration
and development drilling effort that supports the nonassociated gas reserve
addition projection. As reflected in the report of the Joint 0il and Gas Cap-
ital Requirements Task Group, an increase in reinvestment of net proceeds from
production from 67 percent in 1970 to 82 percent in 1985 is required.

Actual gas well footage projected to be drilled during the 1571-1%85
period is shown in Figure 15, which also contains historical data from the 1950-
1970 period. Without the assumed wellhead price increase for regulated gas
production, revenues would have diminished even further, and drilling effort
and nonassociated gas reserve additions would have been projected to decline
even further--or the percentage of reinvestment would have to reach improbable
levels to achieve the results herein projected.

Recognition must be given to the fact that the intrastate gas market
accounts for a significant portion of Texas and Louisiana production and has
not been subject to wellhead price regulatiom. Howewer, the increasing price
trend in that segment of the market alone has not been able to offset declines
in the number of wells drilled in those states. Imn 1970, the number of wells
drilled in the State of Texas (7,962) was 16 percent below the number drilled
in 1969. Similarly, drilling in the State of Louisiana in 1570 resulted in
2,792 wells, a decline of 23 percent from the previous year.

Part of this decline can be attributed to general economic conditions and,
in particular, to the effects of the Tax Reform Act of 1969 on the petroleum
industry. Ceonsidering that intrastate wellhead prices currently range from 5¢
to 124 per MCF higher than the regulated interstate wellhead prices, it appears
that a significant increase in natural gas exploration and development activity
will result only if the economic incentives to the total industry drilling ef-
fort for oil and gas can be substantially improved.
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TABLE LXII

AVERAGE COST AND DEPTH OF GAS WELLS BY LOCATION

Total
Offshore

Total
Alaska
Onshore §

(Ex Alaska) Offshore

Total
U.s.
Av. Cost/Foot [§)
1960 21.75
1967 23,05
1968 24.05
1969 25.58
Av. Cost/Well [Sﬂﬂﬂ]
19066 134
1967 141
1968 149
1969 154
Av. Depth/Well (Feet)
1966 6,151
1967 6,116
1968 6,177
1969 6,034

55.25
51.45
53.38
67.57

664
594
595
748

12,033
11,547
11,149
11,071

125.83

85.12
142.64
216.17

1,120

017
1,112
1,932

E,B99
10,773
7,794
8,936

COSTS AND DEPTHS AT OFFSHORE AND ALASKAN LOCATIONS

AS MULTIPLES OF TOTAL U.S5. AVERAGES

Av. Cost/Foot
1966
1967
1968
19649

Av. Cost/Well

1967
1968
1969

Av. Depth/Well
1966
1967
1968
1969
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Source: Joint Assocaiation Survey of the 0il and Gas
Producing Induatry, Sponsored by the American
Petroleum Association, Independent Petroleum
Association of America and Mid-Continent 0il and
Gas Association (published yearly).
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Year

1571
1972
1973
1974
1975

71=-73

1976
1977
1978
1979
1980

76-80
1981
1982
1983
1984
1985
81-85

71-85

TABLE LXIII

EXPLORATION AND DEVELOPMENT COSTS
NONASSOCIATED GAS--LOWER 48 S5TATES

Offshore Onshore
(Millions of Dollars) (Millions of Dollars)
Exploration Exploration Honassoc.
Offshore and and Grand Reserve MCF/$§
Bonus Development  Total Bonus Development Total Total Adds (TCE) Expended

305 290 595 Bo 1,141 1,227 1,822 6,80 3.73
327 300 627 BO 1,110 1,199 1,826 B.68 4.75
349 307 656 a1 1,080 1,171 1,827 &.70 4.76
371 315 686 94 1,052 1,146 1,832 9.72 5.31
393 322 715 _87 1,024 1,121 1,836 9.62 5.24

1,745 1,534 3,279 457 2,407 5,864 9,143 43.52
415 3Z8 743 100 996 1,096 1,839 9.87 5.37
437 134 771 102 969 1,071 1,842 9.87 .36
459 340 799 105 943 1,048 1,847 .88 4.81
481 345 B16 108 918 1,026 1,852 £.87 4,79
a3 349 52 110 g94 1,004 1,856 £.85 4.77

2,295 1,696 3,991 525 4,720 5,245 9,236 46.34
525 353 B78 113 870 983 1,861 7.98 4,29
547 356 903 116 847 963 1,866 6.97 3.74
569 359 928 119 24 943 1,871 6.97 3.73
591 I62 953 121 g0z 823 1,876 5.97 3.18
613 365 QT8 124 TRO 204 1,882 5.97 3.17

2,845 1,795 4,640 503 4,123 4,716 9,356 33.86

6,885 5,025 11,910 1,575 14,250 15,825  27,73§
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Year

1571
1972
1973
1574
1975

Tl=-75

1976
1977

1978
1979
1980

76-80
1981

1682
1983

1584
1985
81-85

71-8B5

Gas Sales Revenue

TABLE LXIV
GAS AND CONDENSATE REVENUE

Gross Net Av. Revenue Frod. Revenue
Frod, Prod, Frice Mil. § MM Bbls. $/Bbl Mil. §
22.28 20.05 16.7 3,348 151 3.85 581
22.26 20.03 17.1 3,425 151 3.85 ER1
21.46 19.31 17.4 3,360 151 3.85 581
20.60 18.54 17.7 3,282 151 3,85 5Bl
19.83 17.85 17.% 3,195 151 5.85 581
106.43 895.78 lﬁtﬁlﬂ 755 3!505
15.11 17.20 19.2 3,302 124 i.85 477
18.37 16.53 19.5 3,223 124 3.85 477
17.61 15.85 19.7 3,122 124 3.85 477
16.92 15.23 20.0 3,046 124 3.85 477
16.129 14.66 20.2 Etﬂﬁl 124 5.85 477
BB.30 79.47 15,654 620 2,385
15.63 14.07 21.4 3,011 B7 3.85 335
14,53 13.44 21.5 2,890 &7 3.85 335
14.31 12.88 21.7 2,705 BY .85 XI5
13.653 12,27 21.9 2,687 a7 3.85 335
13.04 11.74 2z2.1 21595 87 I.85 I35
71.54 64 .40 13,978 435 1,675
266,27 239 .65 46,242 1,810 6,065

Condeénsate Revenug

Total Gas §
Condensate
Revenue
Mil., §

3,925
4,006
3,941
3,863
3,776

19,515

3.779
3,700
3,599
3,523
3,438

18,039

3,346
3,225
3,130
3,022

2,930
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4. Gaes Supply--Other Formeé and Sources

Pipeline imports into the lower 48 states will, during the early phase of
the study period, be supplied by Canadian production. The increase reflected
on Table LV (p. 81) is gradual and reflects the most recent export authoriza-
tions by the National Energy Board of Canada. The policy enunciated by this
Canadian agency is that exports will be permitted of only those volumes of
proved reserves in excess of those necessary to maintain an RSP ratio of 30.
This standard will require an exceptional level of reserve adds in the future
to significantly increase exports.

Imports from Mexico have never represented a significant share of U.S.

supply and are expected to be terminated before 1980, as discussed in the
Assumptions (see pp. 78-80).

The Alaskan North Slope region holds great potential for the purpose of
supplementing supply to the lower 48 states. However, this area's reserve
additions of 26 TCF reported in 1970 are exclusively associated and dissolved

as. To date, environmental concerns have prevented initiating any such
acilities. Neo gas transmission pipeline Ernject can be finalized until con-
tracts can be negotiated for an assured and adequate volume of production on

a daily basis. Absent an assured market outlet, little if any exploration

for gas can be contemplated, and construction of a natural gas pipeline cannot
be anticipated prior to the 1976-1977 periocd. As a result, pipeline imports
from the North Slope of Alaska of 1.07 TCF per year are first projected in
1977, increasing to only 1.5 TCF per year in 1985.

Projections of future supplies of gas plant liquids and condensate are
discussed in the Assumptions (see p. 79) and are based on historical data
which establish relationships between volumes of natural gas produced and
processed.

Actual volumes, by key years, are shown in Table LXV.

TABLE LXV

GAS PLANT LIQUID AND CONDENSATE PRODUCTION

1970 1975 1980 1985
Gas Plant Liguid Production
Millions of Barrels 6B13.0 558.0 475.0 342.0
Millions of B/D 1.7 1.5 1.3 1.0
Condensate Production
Millions of Barrels 134.0 140.0 121.0 B9.0
Milliens of B/D 0.4 0.4 0.3 0.2

Imports of liquefied petroleum gas--butane, propane and mixtures--are
specifically identified in Table LV. The following Table LXVI reflects key
year expectations on the basis of the particular assumptions described in
this report (pp. 78-80).
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TABLE LXVI

LPG-=-BUTANE, PROPANE AND MIXTURES
{(Thousands of Barrels)

1970%* 1975 1980 1985
Imports 19,160 46,000 130,000 240,000
Exports 9,650 2,000 -- ---
NET 9,510 44,000 130,000 240,000

& Spurce: Bureau of Mines.

Liquefied natural gas imports will become an increasingly significant
contribution to gas supply. In terms of BTU equivalent, it is expected to
multiply more than 20-fold from 1975 to 1985. As reflected in the Gas Trans-
portation Task Group Report, this is a capital intemnsive enterprise requiring
an investment of almost $11 billion by 1985. Because of this fact, each par-
ticular ingurt project will represent a significant increment to supply, as
discussed in the Assumptions (see pp. 78-80). By 1985, LNG imports should
represent almost 20 percent of the gas supply of the United States projected
in this initial appraisal.

Synthetic gas of pipeline gquality can be manufactured from coal through a
process of gasification or from petroleum products through a process of reform-
ing.

The manufacture of gas from reformed petroleum products is receiving much
attention in the United States because of the current supply situation. Gener-
ally, plants capable of reforming petroleum products will be constructed in
modules of 125-MCF cutput per day with product input of 25 MB/D. With the ceost
of petroleum products estimated at 6¢ to 9¢ per gallon, gas costs would range
from about 76¢ to $1.03 per MCF. Total output from these plants will probably
be restricted by the avallability of raw material with current industry esti-
mates setting supply at 200,000 barrels. It was this figure that the task
group used in projecting one billion cubic feet per day of reformed gas output
by 1975. This level of production was not increased for future years because
of the restrictions in raw material availability.

The coal gasification process and attendant costs are discussed in Chapter
Nine herein on coal.

Processes other than the Lurgi process which may be potentially more
efficient and produce somewhat less expensive pipeline quality gas cannot be
expected to reach economically scaled proportions before 1980 at present devel-
opment rates, Therefore, the supplemental volumes of synthetic gas reflected
in Table LV (p. 81), at a capital cost of $2.5 billion, represent only the con-
struction of theose facilities considered necessary in the operation of particu-
lar existing pipeline transmission facilities.

- 47 =



m:-.-._._

|.. ._._.-...__.I_Iu,.ﬂ.. q
R

L e ||.l
|

e

e

s A
A
b A Y Tl
Sl | _
e B 1 ey e ; o 2 g : e ey
SR ELiL s, ; 3 b e A e B e L ST e T i

B P TI  py, NR




GAS DEMAND TASK GROUP

CHAIRMAN

Seymour Orlofsky

Senior Vice President
Columbia Gas Systems Service Corp.

COCHAIRMAN

William C. Elliott, Jr.

Senior Staff Specialist - Petroleum
Division of Fossil Fuels

Bureau of Mines

U.S. Department of the Interior

Leonard Fish
Vice President, Planning
American Gas Association

Dr. Henry R. Linden
Executive Vice President
Institute of Gas Technology

Malcolm H. Sherwood
Director, Planning § Budgeting
The East Ohio Gas Company

SECRETARY

C. Marvin Case
Consultant
Mational Petroleum Council

George Long, Director
Fesearch and Developmant
Morthern Illinois Gas Company

H. A. Proctor
Executive Vice President

Southern California Gas Company

James R. Sykes, Vice President
Panhandle Eastern Pipe Line Company

Elbert Watson, Vice President
Houston Pipe Line Company



Chapter Seven

GAS DEMAND TASK GROUP REPORT

ABSTRACT

Under the conditions assumed for the initial appraisal, ﬁas consumption
will be severely restricted by supply conditions. However, the mission of
the Gas Demand Task Group was to project demand as it appeared likely to de-
velop, absent supply limitations, so that this chapter addresses what may be
characterized as potential demand. This potential demand, when measured
against the gas supply projection contained in the preceding chapter, results
in the following comparison:

Gas Supply/Demand Comparison
(Trillions of BTU's)

1975 1980 1985
Potential Demand 30,268 34,700 40,119
Anticipated Supply 22,420 22,480 22,180
Indicated Shortfall T 5i8 17770 17,539

Natural gas requirements amounted to an estimated 36.7 percent of the
total energy consumption of the United States in 1970. This share is pro-
jected to remain relatively stable at 36.3 percent in 1975 but then decline
to 33.8 percent in 1980 and 32.1 percent in 1985. These market shares are
based on the total primary energy consumption forecast developed by the Energy
Demand Task Group sﬁuwn in Table LXVII. The total gas requirements include
"field use." Because of reporting discrepancies in energy supply and require-
ments, however, these relative shares of total energy needs must be viewed
with great care.

Total requirements are expected to rise from 24.9 quadrillion BTU's in
1870 to 40.1 in 1985. This would be an increase of about 61 percent. Table
LXVII summarizes the projected quantities of gas consumption for 1970, 1975,
1980 and 1985 by use category and shows the average annual percentage changes
at 5-year intervals and over the 15-year period. General growth, although at
generally declining rates, is expected to comtinue in all categories except
the "raw material and other" category. Its decline is due entirely to a drop
in estimated field use. The average annual compound growth rate for total
needs in the 15-year period would be 3.2 percent. Industrial use exhibits the
greatest 15-vear increase, rising nearly 8% quadrillion BTU's by 1985.

The data for projected gas requirements were derived from 1969 projections
compiled by the Future Requirements Committee. These data reflect no consid-
eration of gas supply limitations or relative changes in the energy pricing
structure.

SUMMARY OF GAS DEMAND TASK GROUP REPORT

This report largely is based on data developed and compiled by the Future
Requirements Committee under the auspices of the Gas Industry Committee. Actu-
al data on gas requirements in the United States for the years 1964 through

= Q0 =
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TABLE LXVII
SUMMARY OF TOTAL UNITED STATES GAS REQUIREMENTS AND PRIMARY ENERGY FORECASTS

Gas Requirements® [BTU x 1012y Annual Compound Rate of
rojected Change - Percent
Market Use Category Prelim. Act. 1975 1580 1585 I970-75 1375-80 1580-83 1970-83
Gas Residential and
Réguirements® Commercial T:21l8 8,426 9,930 11,661 3.1 3.3 3.5 32
Industrial 8,862 11,375 13,700 16,267 5.1 3.8 3.7 4,2
Electric Utility 4,045 4,829 5,517 6,412 1.6 2.7 5.1 3.1
Transportation 629 B4T 1,025 1,180 b.l 3.9 2.9 4.3
Eaw Mrterial and
Other 4,110 4,791 4,528 4,389 3.1 =1.1 =0.6 0.5
TOTAL 24 ,B68 30,268 34,700 20,119 4.0 2.8 3.0 3.8
Primary Residential and
Energy Commercial 12,994 14,733 16,669 18,768 2.6 Lad z.4 2.5
Consumptiont Industrial 17,798 20,039 22,341 24 667 Z.4 2l 2.0 2.2
Electric Utility 16,695 23,528 32,956 44,563 7.1 7.0 6.1 6.7
Transportation 16,282 19,905 23,870 28,214 4.1 3.7 3.4 3.7
Raw Material and
Other 4,058 5,273 6,705 B, O30 5.4 4.9 5.9 5.4
TOTAL 67,827 83,481 102,581 124,942 4.2 4.2 4.0 i.1

* Gas Demand Task Group, May 11, 1971.
+ Energy Demand Task Group, April 2, 1%71.




1968; estimated data for 1969 through 1971; and projected data for 1975, 1930,
1985 and 1990 are contained in Volume No. 3 of Future Natural Gas Requirements
of the United States, published by the Future Requirements Agency, Denver
Eesearch Institute, University of Denver, Colorade, in September 196%. The
Supplement to Volume No. 3, Future Natural Gas Requirements of the United
Statea, published by the Future Requirements Agency in December 1970, revises
the original estimate of gas requirements for 1969 to an actual basis and
provides revised 1968 actual volumes. A summary of the gas requirements and
comparison with total United States primary energy consumption is shewn in
Table LXVII.

The methodology employed by the Future Requirements Committee in the
assembly and projection of these data is described in considerable detail in
Volume No. 3. It is referred to here only to the extent necessary to inter-
Eret the findings of the Gas Demand Task Group. Varlious scource documents and

asic data are also referred to in the footnotes contained in Table LXVIII for
certain of the PAD Districts. These footnotes generally are applicable to all
of the Districts, since the same methodology was used to derive these data.

In brief, the Gas Demand Task Group, after a survey of available informa-
tion, agreed to use the Future Requirements Committee data as its primary
source. However, these data were not in a form suitable for use in the National
Petroleum Council study.

First, the data had to be rearranged from the state projections developed
by the Future Requirements Committee into projections for the PAD Districts.
A map showing the PAD Districts and Census Divisions appears in the front of
this volume. In addition to grouping the actual and projected gas require-
ments into the five basic Districts, breakdowns of PAD District I into the New
England, Middle Atlantic and South Atlantic Census Divisions, and of PAD Dis-
trict I1 into the East MWorth Central Census Division and a section covering
the remainder of District II, were required. Further, it was necessary to
modify the classes of gas requirements reported by the Future Requirements
Committee to conform to the use categories regquired in the National Petroleum
Council study. These respective categories were as follows:

Future Regquirements Committee Hational Petroleum Council
Firm Residential Residential and Commercial
Firm Commercial Industrial

Firm Industrial Transportation
Interruptible Electric Utilities

Other Raw Material and Other
Field Use

All of the Future Requirements Committee classes were reported for indi-
vidual states except for field use. Thus, to regroup the data published by
the Future Requirements Committee into PAD Districts, it was necessary to
develop an independent breakdown of the total national field use reported by
the Future Requ?rements Committee.

The following procedure was used to regroup the Future Requirements

ﬂomgittﬂﬂ data inte the categories employed in the National Petroleum Council
study:

1. "Firm residential™ plus "firm commercial" were equated to "residential
and commercial."
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2. "Firm industrial" plus "interruptible" were equated to "industrial"
plus "electric utilities.” Each member of the Gas Demand Task Group
reporting on a given PAD District then had the responsibility for
estimating the portion of "firm industrial™ plus "interruptible” cor-
responding to "“electric utility" use. The methodology is given in
appropriate footnotes to the tables in this chapter.

3. The "transportation"” category required for the National Petroleum
Council study was estimated from 1969 data reported by the Bureau of
Mines on the use of gas for transportation (primarily pipeline com-
pressor station fuel). The use for this purpose for each PAD District
computed as a percentage of the total gas requirements, exclusive of
field use, is as follows: TPAD I, 1.7 percent; PAD II, 3.5 percemnt;
PAD III, 4.3 percent; PAD IV, 1.7 percent; and PAD V, 2.1 percent.
Within Districts I and Il these amounts were allocated to the appro-
priate subregions. It was assumed that these percentages remained
constant through 1985.

4. The quantities of gas in the "residential and commercial," "indus-
trial," "electric utilities" and "transportation" categories were
then subtracted from the total requirements, excluding "field use,"
for each PAD District computed from the Future Requirements Committee
data. The remaining gas requirements were identified as "raw material

and other, excluding field use." For consistency with other task
group reports, only the "raw material and other" category is shown
here, which includes "field use," The national total for "field usa"
gas incorporated inm these numbers is as follows:

Year BTU x 1012

1870 3,082

1875 5,653

1980 3,317

1985 3,046

The recomputed data derived from the Future Requirements Committee datf
are shown in Table LXVIII. All data are reported im units of trillions (10 2]
of BTU's., Ome trillion BTU's is the equivalent of one billicn cubic feet of
natural gas having a haating value of 1,000 BTUSCF. "Field use" requirements
were reported in units of billions of cubic feet of unspecified heating value.
To simplify reporting the results, no allowance for this discrepancy from
1,000 BTU/CF was made.

Table LXVIII shows a summary of gas requirements by PAD Districts, broken
down in accordance with the National Petroleum Council categories. The Future
Requirements Committee subcategory '"field use" is incorporated with the National
Petroleum Council use categpory, "raw materials and other.™

Tables LXIX through LXXIV show the computations and resulting data for
breakdown into PAD Districts of total U.S5, "field use" data reported by the
Future Requirements Committee. The National Petroleum Council category "raw
material and other" approximately corresponds toe the Future Requirements Com-
mittee category "other," plus "field use," as will be discussed below.

Differences in the methods of reporting production and consumption data
by the several government agencies and industrial erganization sources result
in numberical discrepancies which cannot be fully reconciled. These differences
are relatively minor when compared to the quantities of energy invelved, and
an unsupported forced reconciliation therefore has been considered inappropriate
at this time. Some of this discrepancy results from the lack of precise equiva-
lents for such frequently used terminology as "requirements," "consumption,"
"sales" and "demand." The total gas requirements developed by the Future
Requirements Committee include field use.
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Year

1965 [actual)

1969 (actual)

1870 (prelim.)

1971 (estimate)
1972 [estimate)
1973 (estimate)
1974 (estimate)
1975 (estimate)
1980 [estimate)
1985 (estimate)

Cols. A, C, D, E
Col. B
Cols. A, B, C, E

Cols. A, B, C, D
Col. F

TABLE LXIX

UNITED STATES TOTAL MISCELLANEOUS NATURAL GAS VOLUMES

CF x 109 § BTU x 1012

Gas Plant Used Gas Plant
Used at Vented at Fuel § to Mfg. Shrinkage
Leages Leases Lasses Chemicals BCF BTUx101l2
e o ¢ D “E O F
683 319 512 404 754 1,952
763 526 679 553 867 2,264
B76 565 736 570 956 2,485
948 572 768 605 1,017 2,639
981 581 774 630 1,059 2,730
1,055 583 776 663 1,071 2,752
1,109 569 785 695 1,107 2,828
1,158 559 794 767 1,142 2,908
1,069 490 686 1,031 1,072 2,628
1,017 445 586 1,446 998 2,440

Included in Bureau of Mines Marketed Production.

Excluded from Bureau of Mines Marketed Production.

Projected on basis of Marketed Production Peaking in 1975 at about 26
TCF. Total of these volumes equals FRC Field Use figures.

Assumed to be 1,000 BTU/CF gross heating value.

Gross heating value estimated separately for each PAD District.




TABLE LXX

PAD DISTRICT I
TOTAL MISCELLANEOUS NATURAL GAS YOLUMES

CF x 107 § BTU x 1012

Gas Plant
as Plant Used

Used at Vented at Fuel § to Mfg. Shrinkage

Year Leases Leases Losses  Chemicals  BCF BTUx101Z
1965 {actual) & 0 3 45 16 32
1969 (actual) 2 1] 1 45 10 20
1570 (prelim.) 0 i} 1 45 1z 25
1971 (estimate) 1 0 1 45 12 26
1972 (estimate) 2 0 1 45 12 26
1973 (estimate) 2 0 1 46 11 24
1974 (estimate) 3 1] 1 46 11 &4
1975 (estimate) 3 ] 1 46 11 24
1980 (estimate) 4 0 1 56 11 24
1985 (estimate) 5 ] 1 59 10 21

(A)
PAD DISTRICT 1
MIDDLE ATLANTIC REGION
1965 (actual) 3 0 i) 4 1] a
1969 (actual) A 0 0 3 0 a
1970 (prelim.) 0 0 0 3 0 0
1971 (estimate) 0 0 (1] 3 (1] 0
1872 (estimate) 0 0 i) 3 0 1]
1973 (estimate) 0 0 i) 3 1] i}
1974 [estimate) 0 0 0 3 Q 0
1975 [estimate) 0 0 0 3 0 Q
1380 (estimate) 0 0 1] 3 0 0
1985 (estimate) 0 0 0 3 0 o
(B}
PAD DISTRICT I
SOUTH ATLANTIC REGION

1965 (actual) 3 0 i 38 16 32
1969 (actual) L1 0 1 38 10 20
1970 (prelim.) 0 0 1 38 12 25
1971 (estimate) 1 i} 1 I8 i2 26
1972 (estimate) i ] 1 38 12 26
1873 (estimate) 2 ] 1 I8 11 24
1974 (estimate) 3 1] 1 38 11 24
1975 (estimate) 3 ] 1 38 11 24
1380 (estimate) 4 ] 1 48 11 24
1985 (estimate) 5 1] 1 51 10 21
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TABLE LXXI

PAD DISTRICT II
TOTAL MISCELLANEOUS NATURAL GAS VOLUMES

CF x 109 § BTU x 1pl2

Gas Plant Used oky Plant
Used at Vented at  Fuel & to Mfg. Shrinkage

Year Leases Leases Losses  Chemicals BCF BTuUxloli
1965 (actual) 21 58 63 88 114 287
196% (actual) 75 158 15 87 123 305
1970 (prelim.) 87 178 19 a1 138 341
1971 (estimate) 95 198 83 94 149 367
1972 [estimate) 102 208 86 92 158 388
1973 (estimate) 116 213 87 96 164 401
1974 (estimate) 152 212 88 99 172 420
1975 (estimate) 148 206 89 101 181 440
1980 [estimate) 150 170 g4 185 177 417
1985 (estimate) 150 145 74 215 165 388

(A)
PAD DISTRICT II
EAST NORTH CENTRAL REGION
1965 (actual) 0 2 Fd 41 i | 45
1969 (actual) 1 1 4 23 16 34
1970 (prelim.) 0 ] 4 23 19 41
1871 (estimate) 0 o 4 23 20 42
1972 (estimate) i 0 d 22 21 45
1973 (estimate) 0 0 4 22 22 47
1974 (estimate) 0 0 4 2 2 47
1975 [estimate) ] 0 4 22 23 49
1980 (estimate) 0 0 4 42 21 45
1985 (estimate) 0 0 4 5l 20 42
(B)
PAD DISTRICT II
WEST NORTH CENTRAL REGION

1965 (actual) g 20 15 45 28 71
1969 (actual) 20 26 16 Gl 42 105
1970 (prelim.) 25 25 15 65 49 121
1971 EEstimltE] 23 21 16 68 56 138
1972 (estimate) 25 20 17 67 61 150
1973 (estimate) 26 18 18 71 i} 162
1974 (estimate) 27 17 19 74 73 179
1975 (estimate 28 1o 20 76 78 190
1980 [estilateg 24 16 20 140 84 198
1985 (estimate) 22 12 20 161 £0 189
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TABLE LXXII

PAD DISTRICT 11I TOTAL
MISCELLANEQOUS MATURAL GAS VOLUMES

9 12
CF x 107 § BTU i 10
Las Flant Used g;:iﬁi:“:
Used ar Vented at  Fuel § to Mig. iacaolaicreirn_ o
Year Leases Leases Losses Chemicals BCF BTUxl0ll
1965 Elﬂ l:l.lll} 5Z1 246 198 41 570 1,516
1969 (actual Lig 284 LSRG 375 GEl 1,788
1970 (prelim.) a92 522 612 186 749 1,954
1971 (estimate] 754 310 640 418 796 2,071
1972 Eustina tﬁg 179 310 643 445 aie 1,159
1973 [estimate 837 310 645 468 835 2,151
1574 (estimarte) arz 00 653 495 862 2,206
1975 [estimate) 90z 300 Gl 563 BET 2,202
1980 (estimate) B0 70 363 120 830 2,031
1985 (estimate) 760 252 475 1,008 775 1,886
TABLE LXXIT1
FAD DISTRICT IV TOTAL
HISCELLANEQUS NATURAL GAS VOLUMES
ek x 107 § BTU x 1012
Tas Plant  Tsed —~  oas Plamt
Used at VYemnted at  Fuoel § to Mig. e b
Year Leases _Leases Losses  Chemicals  BCF BTuxloli
1845 (actual) 23 o 17 . 18 50
1969 (actual) 14 48 19 5 21 58
1970 (prelim.) 32 32 1B 5 24 66
1971 [estimate) 34 34 18 i 25 Ta
1872 (estimate) 35 35 18 5 26 72
1973 [estimate) 38 34 1B 5 27 75
1974 [estimate) 41 i3 19 5 28 7
1975 (estimate 45 il 19 5 8 Bl
1980 [estimate 50 30 18 10 27 75
1985 (estimate) 50 .11} 18 10 25 Ta
TABLE LXXIV
PAD DISTRICT ¥V TOTAL
MISCELLANEOUS NATURAL GAS WOLUMES
CF x 10% & BTU x 1012
as Plant Uzed E::iii:n:
Used at Vented at Fuel § to Mfg. i Ekonizc, SR
Year Leases Leases Losses Chemicals  BCF BTUxiol?
1965 [actual 112 6 3L 27 a6 107
1969 [actual G4 i 6 i1 3l 83
1970 (prelim.} 65 i3 26 43 33 949
1871 (prelim.) 54 b1 Fi] 43 55 105
1972 (prelim.) 63 28 26 45 35 105
1975 (prelim.) ¥ ] 25 48 34 Lol
1974 {P'Hll.'l ] 61 4 24 50 54 101
1975 pﬂ!liu ; &0 22 24 £2 4 101
1980 (prelim. 55 20 20 11 27 gl
1985 (preliam.) 50 18 18 ] 5 75
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As shown in Table LXXV, the closest approximation of these total gas re-
quirements which can be made with Bureau of Mines data is to add the values for
"marketed production," "vented and flared"™ and "net receipts (net imports)" re-
ported by the Bureau of Mines. This only leaves a heating value discrepancy,
inasmuch as Future Requirements Committee data are reported in units of bhillioms
of cubic feet of 1,000 BTU's gas, whereas the Bureau of Mines uses a nominal
heating value of 1,032 BTU/CF. Thus, as shown in Table LXXV, a good approxima-
tion is obtained between total gas requirements, including field use, reported
by the Future Requirements Committee for the years 1964 through 1968 and the
equivalent Bureau of Mines wvalues computed as noted aboveé, by correcting to a
common 1,032 BTU/CF heating value basis. There is, however, an unusually large
discrepancy of 0.6 TCF in the 1969 data treated in this manner.

Another way of reconciling the differences between the Bureau of Mines
and Future Requirements Committee data would be as follows:

Future Requirements Committee = Burecau of Mines gross withdrawals

Gas for repressuring

i

+

Imports--exports

t Net storage changes

In addition, discrepancies alsec are introduced between the Bureau of Mines data
and the Future Requirements Committee data because of energy equivalence con-
versions. The Bureau of Mines data assumes 1,032 BTU/CF. The Future Require-
ments Committee (in the 1969 report) used 1,000 BTU/CF except for field use,

No energy conversion rate was stated for this classification. However, the

Gas Demand Task Group also assumed 1,000 BTUSCF was applicable here. In addi-
tion, the Future Requirements Committee data also may be greater than the
Bureau of Mines due to a greater coverage resulting from the number of organi-

zations reporting to the former,

Twe possible methods exist for adjusting the gas requirements reported
by the Gas Demand Task Group to correspond to fuel consumptions used Ey other
participants in this study. One simply would be to subtract field use from
the data reported by the Gas Demand Task Group and make no adjustments in the
other categories. However, this method would reduce the past gas consumption
values to below the levels reported by the Bureau of Mines, The other would
be to use the historical relationship between computed total requirements and
actual consumption shown under the Bureau of Mines heading in Table LXXV.

It can be seen that consumption roughly corresponds to 93 percent of com-
uted total requirements. Since the basic data on "firm residential,”™ "firm
industrial" and "interruptible" requirements as used by the Future Require-
ments Committee are dactually consumptions, the application of this factor uni-
formly over these various categories would introduce errors which would unduly

depress these requirements.

Table LEXXVI shows the LPG energy requirements, excluding that used for
motor gascline at refineries and chemical requirements. Table LXXVII shows the
LPG chemical requirements. This information is not normally included in natural
gas requirements, inasmuch as these are reported on a dry (LPG-free) basis.

RELATED MATTERS

There are numerous factors related to the projections shown in this re-
port that cannot be quantified at this time. Some are mentioned here to help

put the projected demand in better perspective,
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TABLE LXXW

COMPARISON OF RECENT STATISTICS ON MATURAL GAS IN THE U.5.
(TCF at 60 and 14.73 psia)

Future Requirements

Committoo U.5. Bureaw of Mines* American Oas Association
TOTAL REQUIREMENTS
1960 Studyt Tatal Prelim. Actual Fralim. Met Actual Net
1,000 BTU/S 1,032 BTW/ 1947 Net Met Fro- BRegquire- Consump- Met Pro-  Nee Pra-  Prod. Plus  Pred. Plus
Tear CF pasis CF basis Studyt Imports ductiond ments® tionk duction®** duction* Net Imports BHNet Imports
1960 - = = n.14 13.33 11.5 12.34 13.02 = 1%.2 =
1961 - - 13.8 0.21 13.78 14.0 12.82 13.39 - 13.6 -
1962 - - 14.6 0.3% 14.530 14.7 13.5% 15.64 = 14.0 -
1963 = - 15.2 0n.3% 15.13 15.5 14.38 14.55 - 14.9 =
1964 16.6 16.1 15.9 .42 15 .80 16.2 15.03 15.3% - 15.8 -
1065 17.5 16.8 16.2 0.4% 16.36 16.8 15.60 16,25 16.31 16.7 16.7
1966 18.5 17.9 = 0.46 17.58 18.0 16.746 17.4%9 17.46 18.0 17.9
1967 18.7 15.1 - 0.48 16 66 19.1 17.80 18.38 18.58 18.9 18.9
1968 Z21.5%¢ 10.6%+% - 0.56 19.84 0.4 1E.96 19.37 19.67 19.49 0.2
1969 23. 244 22.5%¢% = 0. 48 21.22 21.9 20.39 0.72 20.97 21.4 21.7
1470 - - - 0. 8721 MN.A. N.A. 21.852¢ 21.96 H.A. 22 .8tk N.A.
® pmervican Gas Association, 1969 Caoe Facts (Mew York, 1969); U.S5., Bureau of Mines, "Natural Gas Production and Consumption:
1969," Mineral Imdustry Surveys (Washington, D.C., September 3, 1970%; U.5. Bureau of Mines, “Crude Fetroleum, Petroleum
Products, and Matural-Gas Liquids: 1060 (Final Summary),” Petroleum Statements, Annual, Nineral Industry Surveys (Washing-
ton, D.C., December 15, 1970; U.5. Bureau of Mines, "U.S5. Energy Use Sets New Record" (Washingtem; D.C., March %, 1971).
+ Future Requirements Agency, Future Fatural Gas Regquiremonts of the Undted States, Vol. Ho. 3, preg:rud by the Future
Requirements Committee for the Gas Industry Committes, Future Requirements Agency (Denver Research Institute, University
of Denver, Colorado, September 1969).
t Future Requirements Agency, Futurs NFaotural Gas Requirements of the United States, Vol. No. I, prepared by the Future
Fegquirements Committee for the Gas Industry Committee, Future Regquirements Agency [University of Denver, Colorado,
June 1967).
§ Marketed productiom, plus vented and flared.
# Net production, plus net imports.
f 1,052 BTUSCF basis.
&% wpeserves of Crude 0il, Natural CGas Liquids, and Natural Gas in the United States and Canada as of December 31, 1870.,"
Vol. XXV (American Gas Azsociation, American Petroleum Institute and Canadian Petroleum Association, 1971).
#+ Future Requirements Agency, "United States Regquirements in 1969," Supplement £¢ Vol. WNo. J, Future Natural GoF Regquira-
monts of the United States (Denver Research Institute, University of ﬂunvur. Colorade, December 1970].
tt FPreliminary estimate.
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Year

1965
1969
1970
1971
1972
1973
1674
1975
1980
1985

&

TABLE LXXVI

LPG ENERGY REQUIREMENTS*

(ETU x 1012)

PAD
PAD I FAD II 111
Hew Mid- So. E. N. W. N.

Eng. Atl, Atl. Total Cent. Cent. Other Total
19 11 &3 133 11% 134 46 298 216
23 42 lo7 172 1485 210 66 461 289
24 45 110 179 190 210 73 473 298
24 45 113 182 197 210 74 481 304
24 46 115 185 203 216 76 495 210
25 46 118 189 210 222 T8 510 321
25 47 121 193 21é 228 a0 524 331
26 48 123 197 221 234 B3 538 341
29 51 134 214 249 259 a2 GO0 385
3l 54 146 231 281 288 101 670 421

FAD PAD

Iv v Total
27 54 728
42 6l 1,025
41 62 1,053
41 62 1,070
44 64 1,008
45 &7 1,132
47 70 1,145
40 72 1,197
56 86 1,341
63 98 1,483

Butane, propane and mixes; includes residential and commercial, internal combustion,

utility gas, other and miscellaneous.

excludes chemicals; energy based on average of 98,000 BTU/gallon.

Excludes LPG to motor gasoline at refineries;




TABLE LXXVII

LPG CHEMICAL REQUIREMENTS*
(BTU x 1012)

Year PAD I PAD II PAD III PAD IV FAD V  Total
1965 38 34 276 0 15 363
1969 38 306 523 0 17 6l4
1970 40 40 515 0 14 609
1971 40 35 al2 0 13 620
1972 a0 72 521 0 13 BT
1973 45 75 545 0 13 678
1974 48 &4 593 1] 13 738
1975 49 86 656 0 12 803
1930 49 96 865 0 13 1,023
1985 49 146 987 0 14 1,196

* Includes ethane, propane and butane from
gas plants and refineries; excludes re-

finery ethylene, propylene and butylenes.

The projected gas requirements included in this task group's report were
published by the Future Requirements Committee in the fall of 1969. The fig-
ures were developed from data compiled in early sprinmg of that year. Since
that time, supply problems have become widespread for many firms. Undoubtedly
this will result in some measurable impact on the projected demand expected
during the next 15 years. There could be particularly large changes among the
various PAD Districts and/or the several use categories outlined in the study.
Newer projections to be released in 1971 by the Future Requirements Committee
should provide more specific guidance in this aresa.

Two basic assumptions underlie the projections in the Future Requirements
Committee report. These are: (1) "There will be an adequate supply of gas
for all estimated requirements for all periods covered by the survey," and (1)
"The present-day relationship of the cost of gas to the competing fuels will
remain the same in the future. However, individual companies should consider
known changes in these relationships in their market area." The appropriatéeness
of these assumptions may be affected by activities now occurring in four general
areas:

¢ Regulatory: The recently funded, natural gas survey by the Federal
Power Commission undoubtedly will investigate future supply expectations.
The New York State Public Utilities Commission has been reviewing the
supply situation in that area since mid-1970. The Public Utilities
Commission of Pennsylvania also has begun an effort to study the prob-
lem in that state. As a result of these and others which may follow,
regulatory decisions are expected that could significantly affect the
projections of future demand.

® Category of Usage: 5Some distributors already are rationing added sup-
plies to large customers. In addition, certain regulatory bodies have

suggested types of service priority. These actions also would serve to
readjust future requirements.

® Environment: Standards for air quality control issued in early 1971

by the Environmental Protection Agency will add to gas demand. At the
same time, general concern for overall environmental quality and the
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balance achieved in the regulation and administration of standards may
affect the availability and timing of new supply. Thus, environmental

factors may exercise increasing influence on the balance between de-
mand and supply.

e PFPripce: Because of an imbalance of demand and supply, gas prices un-
doubtedly will be changed from current levels. However, since price
changes (both absolutely and relatively) im a free market ultimately
affect demand in some way, there is now no way to evaluate the specific
influence on individual use categories. Furtﬁermnre, the problem of

considering inter-fuel price changes upon demand complicates estimates
of future requirements.
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Chapter Eight

GAS TRANSPORTATION TASK GROUP REPORT

ABSTRACT

The Gas Transportation Task Group had a single objective: to forecast
capital requirements and operating expense for facilities necessary to trans-
port the quantities of gas--natural gas, liquefied petroleum gas (LPG), lique-
fied natural gas (LNG) and synthetic gas (syngas) projected by the Gas Supply
Task Group to be available, proportionately, to the markets projected by the
Gas Demand Task Group. The supply volumes projected are substantially less
than demand and hence the volumes to be transported are limited to the supply
volumes.

The methods developed for projecting capital requirements for different
sources and transportation modes in the U.5. Emrergy Outlook study resulted in

the following:

SUMMARY OF CAPITAL REQUIREMENTS
FOR GAS TRANSPORTATION

Millions of

Period 1970 Dollars
1971-75 3,024.6
1976-80 10,841.2
1981 -85 7,097.6

TOTAL 20,963.4

The details of the above capital requirements summary are given in Table
LXXVIII. This is followed by a detailed description of the methodology used in
determining the estimated capital requirements for each mode of transportation.

TABLE LXXVIIT

REQUIRED CAPITAL EXPEMDITURES
{Millions of 1570 Dollars)

Gas Pipelines LHG LPG

“From From Fovapor= Flants Ships Hail-

Lower Alaska ized Ships iﬂl!‘!t! road

448 and LEG amd Terminals an Cars
Pariod Sources Canzda Syngas Storage Fipelines Trucks Total
1971=75 B79.5 AT4.0 3Mz.0 675.0 151.3% 142.8 3.024.6
157680 6782 I, 7l4.0  1,.065.0 5,115.0 149.1 119.9 10,841 .2
1281-85 f02.1 146.0 1,087.0 4,.948.0 176.7 137.7 0576
TOTAL 2,059.%9 4,834,0 Z2,434.0 10,738.0 477.1 400, 4 20,963 .4

Percent of Total 9.8 3.1 11.7 51.2 2.3 1.9
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SUMMARY OF GAS TRANSPORTATION TASK GROUP REPORT

The Gas Transportation Task Group achieved the objective stated in the
"Ahstract” on the basis of the following assumptions:

# The location of new natural gas discoveries in the lower 48 states
will necessitate the construction of new gathering and feeder-line
facilities even though total supplies from this source may remain
static or decrease. The facilities for natural gas and LPG trans-
portation are those required to carry the commodity from the producing
area to the city-gate or local distributor in the market area and do
not include distribution costs.

¢ Unit costs of the above-mentioned facilities will be greater than his-
torical costs because of (a) more difficult terrain (deeper water for
offshore, etc.); (b) new environmental restrictions; and (c) more
governmental regulations.

# Total costs of a pipeline from Alaska to the ultimate city-gate deliv-
ery points are included.

& Only costs from the U.S5.-Canadian border to ultimate city-gate deliv-
ery points are included for new imports of Canadian gas and LPG.

# Included in the costs of foreign imports of LNG are (a) liquefaction
plants and shipping terminals in producing countries; (b) LNG tanker
ships for transportation; (c) receiving terminals, storage and regas-
ification facilities; and (d) new pipeline facilities required for
transportation of gas from receiving terminals to ultimate city-gates.

e Costs are included for facilities to receive and transport, to ulti-
mate city-gates, the quantities of syngas projected by the Gas Supply
Task Group; however, the plants to comnvert ccal to pipeline gas are
not included.

e LPG supplies as projected by the Gas EuEply Task Group will continue
to be transported to markets projected by the Gas Demand Task Group
in the same proportion as presently exists among pipelines, tank
cars and tank trucks.

# No new railread facilities (other than cars) will be required.

e Costs of LPG ships, tankers and barges are included where increased
foreign imports are projected.

# No costs are included for natural-gas processing plants.

The projection also includes replacement costs of a capital nature for
all types of facilities. Most of the capital required in the 15-year period
will be used to replace pipeline capacity from "Lower 48" sources with
transport capacity from Alaska, Canada and foreign sources.

PROJECTED GAS TRANSMISSION PIPELINE AND UNDERGROUND STORAGE CAPITAL COSTS

SUMMARY

This section of the report details the total estimated capital invest-
ment mecessary for incremental expansion of gas pipeline transmission facili-
ties in the lower 48 states and Alaska. All operation and maintenance costs
and other cost factors relating to cost of service have been omitted.

The estimated costs for transporting natural gas from points of supply
to the five demand PAD Districts are based on a continuing expansion of exist-
ing facilities. This assumes that the major load centers will remain in the
zame relative location within the PAD Districts. The total estimated capital
costs (given in Table LXXIX) include domestic, transmission and storage expan-
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TABLE LXXIX

SUMMARY OF CAPITAL COSTS
GAS TRANSMISSION PIPELINES AND UNDERGROUND STORAGE
INITIAL AFPRAISAL
(Millions of 1970 Dellars)

Total Capital Costs
for Additional Facilities 1871-1873% 1976-1960 1981-1985

1. Transmission--Domestic 277.036 .- -

2. Transmission--Imports

a. Alaskan = 3,714,000 246.000
b. Canadian E74.000 = =
c. Mexican 2 = e
Subtotal--Imports B74.000 3,714.000 246.000
3. LMNG (Transmission Facilities) 126.000 767.000 630. 000
4. Synthetic Gas
(Transmission Facilities) 176 .000 298.000 457 .000
5. HNatural Gas 5torage 31.398 84,293 56.830

6. New Production Attachments
(Mot Requiring Additional
Transmiszion Facilities)

a. Onshore 258.300 208 .630 201 .474
b. Offshore 312.750 325,260 245,045
Subtotal --New Production 571.050 593.890 445.419

TOTAL 2,055,484 5,457.183 1,835,249

sion, Canadian and Alaskan imports, and connections of liquid matural gas and
synthetic gas supplies to existing transmission systems. Capital costs have
not been included for natural gas processing plants or synthetic gas plants.

New production attachments refer to additional reserves that will be
connected during the 5-year interval. It was assumed that existing gathering
systems would not be used for the attachment of new reserves. These attach-
ments will be made regardless of the need for transmission expansion.

NETHOD USED

This section details by PAD Districts the estimated capital investment
(Table LXXX) necessary to gather, transport and store natural gas. The exist-
ing facilities in the United States are too complex to estimate the cost of
adding facilities to these systems on a detailed basis. Therefore, a statis-
tical method for estimating additions to existing systems was derived that
utilized data furnished by interstate pipeline companies. These data are con-
tained in "Form No. 2" and “Statistics of Interstate Natural Gas Pipeline Com-

anies," published by the Federal Power Commission. New system facilities,
including Alaskan and Canadian imports and liquid natural gas and Synthetic
gas attachments to existing systems, were estimated on a cost-per-mile basis.

The basic approach to the statistical method was to designate transmis-
sion corridors through which gas is5 transported from supply areas to demand
areas by PAD Districts. The statistical data was accumulated from all major
interstate pipeline companies currently operating within the same corridor.
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TABLE LXEX

SUMMARY OF CAPITAL COSTS
GAS TRANSMISSION PIPELINES AND UNDERGROUND STORAGE
BY FPAD DISTRICTS--INITIAL APPRAISAL™
(Millions of 1970 Dollars)

PAD Districts 1971-1975 1976-15980 1981-1985
I a. New England 38.203 64.261 53.676
b. Mid-Atlantic 416.017 462.854 357.416

€. South Atlantic 282.865 396.288 293.150
Subtotal 737.085 923.403 704.242

IT a. East 538.662 2,926.526 767.231
b. West 35.509 35.403 22.419
Subtotal 574.171 2,959,929 789.650

111 278.653 108,659 87.718
v 7.380 §.1909 6.462
v 458.195 1,456.5993 247.177
TOTAL 2,055.484 5,457.183 1,835.249

ACCUMULATED TOTAL 2,055,484 7,512.667 9,347.916

* The total capital investment necessary for constructing
facilities to transport volumes of gas supply furnished
by the Gas Supﬁly Task Group for the initial appraisal
gre given in the above information. All estimated costs
are given in millions of 1970 dollars and have not been
escalated to the projected years.

The statistical period used was 1965 through 1969 and then updated to 1970

by applying Nelson Escalation Factors. The accumulation of incremental plant
investment and salable gas was then expressed as a cost of facilities per
annual unit volume. Then, by refining the basic approach, a capital cost per
annual unit volume for transmission, gathering unsﬁure and offshore, and
storage facilities was obtained for each PAD District (see Table LXXXI).
Escalation factors for the ensuing years are to be supplied by the Capital
Requirements Task Group and are not included in this report. All cost esti-
mates are in 1970 U.S. dollars.

Storage withdrawal factors are given in Table LXXXI for each PAD District.
The volumetric sum of the total increase in transmission imports, domestic
transmission and synthetic gas was multiplied by the storage withdrawal factor
yielding the projected volume of gas storage within the PAD District. This
volume was then multiplied by the storage cost factor (Table LXXXI) to deter-
mine the natural gas storage capital costs for each PAD District.
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NOTE: Alpgka and Hawali are \'\
included in PAD Digtrict ¥ b

LEGEND:
Mumbers Refer to PAD Districts (Separated by Heavy Lines)
Latters Refer to Gas Transmission Corridors (Outlined by Lighter Solid or Dashed Lines)

Figure 16. Map of PAD Districts Showing Pipeline Corridors.
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PAD Districts

I

IT

ITI
IV

a.
b.

L=

b.

*

New England
Mid=Atlantic
South Atlantic
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TABLE LXXXI

CAPITAL COST FACTORS BY PAD DISTRICTS

Eturage

With-
drawal
Factor

L0127
O1E7
0724

L0550
L0550

L0186
.0059

L0096

to production ratio of 10:1 per the

Transmission

Main
$/BCF
Annual

Gas Sold

1,150,000
1,150,000
1,150,000

1,050,000
1,050,000

400,000
1,025,000

800,000

Gatherin

Unshote® Offshore®
$/BCF $/BCF
Annual Annual

Production Production
60,000 450,000
60,000 450,000
60,000 450,000
G0, 000 450,000
60,000 450,000

Storage
Matket

$/BCF
Annual

Withdrawal

1,120,000

T

1,800,000

600,000
2,000,000
500,000

Gas Supply Task Group Report on the




TABLE LXXXII
CAPITAL COST
Size of Cost
Additions Added Millions of
BCF/Year From To Year Facilities 1370 Dollars
Syngas
365.0 New York 400 W 1975 Z-30" 176
73.0 Casper, Wyo. Chicago 1280 24" 180
109 .5 Garriszon, N.D. Chicago 192380 26" 1118
182.5 Casper, Wro. Chicago 1985 g" 251
182.5 Garrison, N.D. Chicago 1985 e 2086
Liguefied Natural Gas
182.5 Chesapeake Bay 400 W 1975 36" 126
839.5 Chesapeake Bay 400 W 1980 i=-36" 252
255.5 Boston 350 W 1980 T4 105
219.0 New York i50 W 1980 36" 110
328.5 Savannah 350 W 1930 36" 110
146.0 San Francisco 400 N-8 1980 o™ a5
146.0 Los Amgeles 400 N-5 1980 Zo" 85
839.5 New York 350 W 1935 2-3gm 220
693.5 savannah 350 W 1945 Z-36" 220
182.5 San Francisco 400 k-5 1985 3o a5
182.5 Los Angeles 400 M-S 1385 30" 85
Canadian Imports § Alaska Gas
164.25 0.5, Border Chicago 1975 48" 459
164.25 U.5. Border San Franciseco 1975 4g" 415
554.0 North Slope Emerson, Manitoba 1980 48" Z,49%
S84.0 North Slope Kingsgate, B.C. 1980 4g* 1,221
182.5 Morth Slope Emerson, Manitoba 1985 [H.P.) 216
182.5 Morth Slope Kingsgate, B.C. 1985 (H.P.) 20

All demand volumes were based on the available supply as included in the
supply report. The new demand volumes include transmission fuel. The allo-
cation of suEgly to demand was made on a strict arithmetic percentage calcu-
lated by dividing the PAD District volumes contained in the demand report
(less field use) by the total demand. Each PAD District was allocated its
"fair share" of the total supply based on projected demand. This fair share
percentage (Table LXXXIII) was agplied to the total 5upfly to determine the
allocation of supply for each PAD District. A5 a practical matter all supply
volumes of gas from offshore areas were allocated to PAD District I. 11
synthetic gas was allocated to the PAD Districts nearest the coal reserves.
The liquid natural gas volumes were allocated to PAD Districts Ne. I and
No. V. The Cafiadian and Alaskan imports were allocated to PAD Districts
No. II East and No. V. All of these allocations were made within the frame-
work of the fair share supply policy outlined above.
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TABLE LXXXIII

NEW PRODUCTION ATTACHMENTS--FIVE-YEAR CUMULATIVE
(Annual BCF)

PAD Districts

I 1 111 v v
Fair Share Fercentage® 18.82% 32.97% 3Z2.14% 2.46% 13.61%
Total Productiont Additions 941.000 1648.500 1607 .000 123.000 680,500
Offshoret 695.000 -- -- --- ---
Onshores 246.000 1648.500 1607 .000 125.000 680.500
Fair Share Fercentage 19.04% 353.10% 32.07% 2.942% 13.37%
Total Production Additions 1075.189 1550.759 1810.993 136.657 G6Z6.402
Offshore 722.800 == == - -
Onshore 352.389 1550.759 1810.993 136.657 GZ6.402
Fair Share Percentage 19.21% 33.41% 31.90% 2.35% 13.13%
Total Production Additions &880.394 1040, 786 1461.977 107.701 409.142
Offshore 542.100 - -= —— -—
Onshore 3I38.294 1040.786 1461.977 107.701 409.142

Fair Share Percentage (see p. 116).
Lower 48 states only.

Area 6A.
All other areas 2-2ZA, 3, 4, 5, 6, 7, &,
ratio.

b & 10.

Based on & 10:1 reserve to production ratio.
Based on a 10:1 reserves to production

Total
100.00%

5000.000
695.000
4305.000

100.00%
5200.000
722.800
4477.200
100.00%
3500.000

542.100
3357.900




PROJECTION OF LNG CAPITAL COSTS FOR LIQUEFACTION PLANTS, SHIPS,
UNLOADING, LIQUID STORAGE AND REGASIFICATION FACILITIES

Capital costs for facilities for the importation of the guantities and
sources of LNG projected by the Gas Supply Task Group are shown in Table

LXXXIV.

These costs were developed using the following assumptions.

SHIP COSTS

Using British Petroleum's Sailing Distance Manual, the round-trip
nautical mileage for each of the cases concerned was obtained. Ship
sailing speed was assumed to average 17.5 knots. Three days for
loading and unloading plus one day weather delay were allowed for
each vorage.

Ships were sized to provide for loading sufficienmt liquid to meet the
required delivery plus the necessary boil-off and return-voyage cool-
down liquid. It was further assumed that the maximum-sized vessel
was limited to 125,000 cubic meters or approximately 792,000 barrels.
Maximum loaded capacity was 98 percent n¥ actual volume per U.35.
Coast Guard requirements.

Vessel availability was 345 days per year based upon 20 days' annual
docking and survey time.

Ship costs are based upon published data, two vessels in service and
two on tentative order. Costs are from a curve developed and are for
complete vessels but do not provide for "interest during constructiom."

Some reductions are in order if all deliveries from a single source
during one of the projected periods are combined to use a minimum
number of the maximum-sized vessels integrating deliveries to the
various receiving terminals. This study considers each source and
delivery terminal as an individual and separate system. This applies
to the liquefaction plants and receiving terminals.

LIQUEFACTION PLANT COSTS

quuafaction plant costs are based upon the modular concept, with 150
M&CFE/D used as the most efficient module size. Costs were developed
for four different capacity plants and a cost curve was obtained.
Plant costs for each case were taken from this curve based on lique-
faction required to meet deliveries plus boil-off and cool-down
requirements for the LNG tankers.

UNLOADING TERMINALS AND REGASIFICATION PLANTS

GENERAL

The cost of these plants varies even for the same delivered quantities
to various ports due to the difference in storage capacity calculated
for each case.

Storage required was assumed to be equivalent to the number of days
of consumption between scheduled ship arrivals plus the capacity of
one ship load. Under this system, the storage under all cases varies
from 900,000 barrels to 1.47 million barrels, using an assumed cost
of 310 per barrel.

This approach duplicates facilities at both the ligquefaction plants
and at the discharge terminals as additional volumes are added during
subsequent 5-year periods. The costs presented here are based upon
the assumption of totally new facilities each time.
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TABLE LXXXTV
POTENTIAL LNG SUPPLIES FOR THE UNITED STATES--CAPITAL REQUIREMENTS

Yoeyage Houte Capital Regquirements (Millions of 1970 Dollars])
Period Source - Delivery Point Eu;ntt:y Round Tri Ships Liquefac- lUinisading Total
CF/day Mautical Miles Regquired Ships tion Plant Terminal Capital
1871
1975 Algeria--Cove Foint, Md. . 500 7484 5 240 iro 41 461
Feak Loading Gas . 500 7,200 3 144 ] 10 214
Zubtotal .80 14,684 ] 383 170 112 675
1976 Algeria--Chesapeake Bay . 250 7,484 3 116 100 537 26%
-=Savannah, Ga. . 500 T,EE4 g 260 170 43 4713
--5avannah, Ga. -« 250 7,884 3 132 100 37 269
1580 --Chesapeake Bay « 300 T, 4E4 ] 240 170 4z 161
--Hew York, N.¥. 50 6,520 5 234 170 41 445
Migeria--New England . 500 9,530 L) 08 172 43 523
==Hew York . 500 4,740 b 315 172 43 550
--Delaware Bay « 300 9,637 G Jl8 173 43 53313
Venczusla--Cove Foint, Md. LA25 3,758 3 125 147 37 308
==New York . 500 31,804 3 146 165 43 554
Trinidad--New York L300 1,864 2 40 108 is 256
Alaska--los Angeles . 300 4,480 & 157 104 39 254
Equador--Les Angeles 500 6,450 - 224 170 a1 4315
Subtotal 5.515 89,1351 54 2,864 1,924 527 5,115
1981 Algeria--New York 1,000 fh, 026 ] 4466 848 448 g0z
==Chesapeake Bay 500 7484 5 249 170 42 461
--Delaware Bay . 500 7,342 5 245 170 42 457
1985 ==New England 500 6,600 5 225 170 41 436
--5Savannah, Ga. . 500 T804 5 160 170 42 472
Higeria--New York 200 ,.740 ] 315 172 13 530
--Delaware Ray 500 9,837 & 318 172 41 533
Western Paclfic--Los Angeles 1.000 14,000 17 BES 320 48 1,257
Subtotal a.000 69,813 58 £,.967 1,632 EL 4,08
GRAND TOTAL 11.325 173,628 120 6,024 3,716 988 10,738




e For the peak loading gas, i.e., the Distrigas project, no capital
for liquefaction plants is included because this is supposedly incre-
mental gas from already existing plants.

PROJECTED TRANSPORTATION COSTS FOR LPG

While Gas Supply Task Group figures indicate that supplies of domestic
LPG to be transported over the next 15 years will decrease, the projected
supplies from foreign sources more than offset this decrease. Therefore, no
new Facilities will be required to transport domestic supplies, but some new
facilities will be required to deliver projected imports to consuming areas
and some facility replacements of a capital nature will be necessary.

Included in this section are projected costs of LPG barges, tankers and
marine terminals for these imports. The source of imports is given as North
America with deliveries from overseas commencing in the late 1570's. For the
purpose of making this transportation cost estimate, we have assumed the
sources of these imports as follows:

Year Morth America Overseas

1875 114,000 B/D 6,500 B/D
1980 175,000 B/D 181,200 B/D
1985 225,000 B/D 432,500 B/D

It is estimated that a new pipeline would need to be built to carry a pertion
of the forecast imports of Canadian LPG. Some Canadian LPG is already being
batched in the Interprovincial Pipe Line, and this will continue. The new
linedunuld provide for Canadian LPG imports to be marketed in PAD Districts

I and II.

Included in this section are capital costs for LPG tank trucks and rail-
road cars. Costs for LPG tank trucks include only replacement units; costs
for LPG railroad cars include some fleet additioms.

Also included in this section are costs of tank trucks for the delivery
of LNG for peak shaving purposes as distinguished from pipeline facilities
for delivery of base-load LNG imports.

These considerations have resulted in the following projected costs of
new facilities plus estimated replacement costs of a capital nature.

TABLE LXXXV

NEW FACILITIES AND REPLACEMENT COSTS
(Millions of 1970 Dollars)

Tankers
Pipelines Barges & LPG LPG LNG
§ Storage Terminals Trucks Rail Cars Trucks Total
1971-75 141.8 9.5 73i.8 58.2 10.8 294.1
1976-80 7.1 72.0 73.8 31.0 15.1 269.0
1981-85 71.9 104.8 75.8 43.0 Z20.9 314.4
TOTAL 290 .8 186.3 221.4 132.2 46.8 877.5

i B
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Chapter Nine

COAL TASK GROUP REPORT

ABSTRACT

U.8. coal demand is expected to grow at a 3.5-percent rate from 519
million tons inm 1970 to 734 milliom in 1980 and potentially to 863 milliom
tons per year in 1985.* U.S5. export will grow at a rate of 4.5 percent per
rﬂargﬂnd amount to an additiomal 71 million tons in 1870 and 138 million tons
in 1985.

The coal reserve position of the United States is ample and would easily
permit a much faster growth rate should cocal be called upon to furnish a bigger
share of the U.S. demand, whether for conventional uses or for conversion to
liquids and gases.

Several major determining factors affect the future of coal, and these
must receive proper attention if the forecast is to materialize:

® The program for rapid development of manpower, both mine workers and
mining engineers, must be vigorously pursued.

¢ Developments of improved mining technology must be substantially
sccelerated to offset the severe impact of the Coal Health and Safety
Act of 1969 on production capacity.

. uarantee the transport of increasing tonnages, the pool of rail-
raa hopper cars as well as the efficiency of car utilization must be
increased, and certain locks must be improved in the river system to
prevent major bottlenecks. To keep U.S5. export coals competitive,
better ways must be found to accommodate the new size coal-carrying
ships at out ports, notably Hampton Roads, Virginia.

# Technology must be developed to permit use of high-sulfur coal in
power generation without p allutinf the air. Alternate processes
should be pursued to fit the widely varying needs of existing plants,
new and old, large and small. Desulfurizing by liquefaction and by
gaﬁificﬂtiun, as well as by stack gas cleanup, may all be required
during the next 15 vears. The present substantial research programs
in these areas should be further expanded.

. DB?BIE?IEHI of a coal-burning, combined gas/steam power-generating
cycle is sufficiently advanced to offer a fairly near-term opportunity
for a more economic power plant, capable of being made pollution-free
by addition of established sulfur-removal apparatus and including the

*This does not include added demand for coal shown in Extract of Volume One

to reconcile task group predictions of fuel demand. Addition of this demand
(30 million tons in 1975, 65 million tons in 1980 and 70 million tons in 1985)
would increase the total domestic demand to 933 million tons in 1985, for a
growth rate of 4 percent per year from 1970. 1In the initial appraisal assump-
tions the projected use ng coal as a raw stock for synthetic gas is small and,
for projection purposes, may be included in this added coal demand. No coal
demand 1s projected for synthetic liquids in the initial appraisal.
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hope of continued increase in efficiency. It could have an important

impact on the outlook for coal in power generation during the end of
the 1970-1985 period.

¢ Commercially proved technology to produce synthetic pipeline gas from
coal is already available at costs comparable to other supplements to
American natural gas (say, $0.85 to §1.15 per million BTU's). Improved
technology is now under rapid development which may lower the cost 10
to 15 percent, and such improved systems may be available at the end of
the 1970-1985 period. Accelerated commercialization starting immediate-
i;ﬂgnuld supply 2 to 3 TCF (about 10 percent) of total gas demand by

¢ Technology to produce synthetic liquid fuels is less advanced. Proved
technology is too outmoded for practical comsideration. Coal liquefac-
tion requires added incentives for the development which will cost be-
tween $50 and $80 milliom, including a prototype plant. It would take
eight or more years to complete such a program. Initially, the cost of
synthetic liquids (distillates) would fall probably between $6 and §7
per bbl based on western strip-mined coal. The rate of commercial
application, after the development is completed, could vary widely de-
pending on the need to take the risk. Production of 100 MB/D repre-
sents a cautious economic approach, and a maximum of 1 MMB/D appears
attainable. After development, costs of §4.50 to $5.50 per bbl appear
within reach for conversion of high-sulfur coal to low-sulfur heavy
fuel o0il (0.3- to 0.5-percent sulfur).

SUMMARY OF COAL TASK GROUP REPORT

DEMAND

The demand for coal in recent years is briefly shown in the following
table in relation to the U.S5. energy demand as a whole.

Total U.5. Energy Domestic Coal Use Coal as Percent
Needs Millions Trillions of Total U.5,
Trillions of BTU'"s of tons of BTU's Energy Needs
1965 53,785 454 12,030 22.4
1970 67,827 519 13,062 19.3
Growth Rate 4.7% - 1.7% -

To this must be added the more tapid demand for exported coal which reached 71
million tons in 1970. Export coal is needed to support steel operations
throughout the Western World and to supply power, mostly in Canada. It is,
therefore, included in the demand forecast.

The use of coal in steel making and other industrial applications will
continue largely along current lines. There will be continued reduction im
the amount of coke needed for each ton of steel, owing to technological ad-
vances. The major uncertainty in the use of coal in its present markets is
related to the generation of electricity, because of air pollution problems.

0f total coal demand, 83 percent involves only the two markets of coke
production and electric power generation--and these two uses are expected to
represent 92 percent of all demand by 1985, assuming no conversion of ceoal to
either gas or liquid fuel® during this period. Future demand can, therefore,
be fairly well defined by detailed consideration of the steel and power markets
which are discussed further below.

*The potential growth of synthetic fuels industries (synthetic pipeline gas

from coal and synthetic hydrocarbon liquids from coal) is covered below in
the section titled, "New Technology for Coal Utilization."
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The Coal Task Group projects the total domestic demand to grow at a 3.5-
percent rate. Projections of total domestic demand by market sectors and by
FAD Districts, in trillions of BTU's, are listed in Tables LXXXAVI and LXXXVII.

TABLE LXXXVI

U.5. COAL DEMAND BY MARKET SECTOR
(Trillion BTU's)

1970 18975 159680 1985
Coking coal (14,000 BTU/1b) Z,68B 3,136 3,360 3,528
Industrial (13,000 BTU/1b) 2,366 2,262 2,184 2,080
Residential /Commercial
(14,000 BTU/1b) 280 196 140 B4

Electric Utility (12,000 BTU/1b) 7,728 9,960 12,600 15,696

TOTAL= 13,062 15,554 18,284 21,588

(Average BTU's per Ton--
Thousands) (25,167) (25,046) (24,910) (24,783)

* These quantities are less than the total demand figures
shown in Extract from Veolume One because they do not in-
clude "Assumed Replacement for Shertfall in Other Fuel
Supplies." The added quantities for coal, in terms of
tons ?f coal, would be 30 million tons in 1975, 65 million
tens 1n 1980 and 70 million tons im 1985.

TABLE LXXXVII

U.5. COAL DEMAND BY PAD DISTRICTS
(Trillion BTU's)

1370 18975 1980 1985

PAD District 1 4,745 3,394 6,071 6,871
PAD District II 6,908 8,416 9,858 11,533
PAD District III 9I0 1,178 1,303 1,857
PAD Distriect IV 279 416 642 854
PAD District V 120 150 209 LT3
TOTAL* 13,002 15,554 18,284 21,388

* These quantities are less than the total demand figures
shown in BExtract from Volume One because they do not in-
clude "Assumed Replacement for Shertfall in Other Fual
Supplies.” The added quantities for coal, in terms of
tons of coal, would be 30 million tons in 1975, 65 milliom
tons in 1980 and 70 million toms in 1985.
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The figures listed in Table LXXXVI are repeated in Table LXXXVIII in
millions of tons per year, together with export demands,

TABLE LXEXVIII

COAL DEMAND BY MARKET SECTOR
(Millions of Tons per Year)

1970 1975 1980 1985

Blast Furnaces i1 102 110 116
Foundries and Miscellaneous 1g 1o _1n o
Total Coking Coal 96 112 120 126
Residential /Commercial 10 7 5 3
Industrial a1 B7 B 211
Electric Utilities 3z 415 525 654
Total Domestic U.5. 519 Gl T34 863
Coking Coal Export B6 76 a4 120
Electric Utility Expeort 15 16 17 _18
Total Export s 52 111 138
TOTAL® 590 713 845 1,001

* These quantities aré less than the total demand figures
shown in the basic report because they do not include
"Assumed Replacement for Shortfall in Other Fuel Supplies."
See note, previous demand figures.

Although the above categories do not exactly match those used in Volume
One to analyze overall enﬁriy demand, they are used in this instance in order
to bring out the important difference between "coking" and "industrial" markets

1. Forecast for Coking Coal Demand

The production of steel and the impact of future tuchnnlug{ on the demand
for coking coal were estimated in detail with assistance from the American
Iren and gteel Institute. The impact of new techmology, such as lower coke
rates, direct reduction, etc., are expected to be felt in 1975 at the earliest;
thereafter the growth in coking coal demand will lag behind the growth in
steel making. Accordingly, U.5. demand for coking coal will grow at a rate of
2 percent per year, but the much faster growth in world steel production is
reflected in a vigorous growth rate for U.5. coking coal export of 7 percent
per annum. This rate leads to a potential export demand of 155 million tons
per year in 1985, but this figure was reduced to 120 million tons (or 5.2-
percent Implied Growth Rate) in 1985 to reflect growing foreign competition.

The rapid inecrease in the coest of the highest gualitr, low volatile, U.5.
metallurgical coal has obviously led to increased efforts by coke oven operators
to minimize its use by various changes in technology; the lower figure is
forecast to reflect this trend. Even so, metallurgical coal exports are one

of the largest items in the U.S. foreign trade balance, approaching $1 billion
in 1970, and the forecast implies more than twice this figure in 1985 (in

1970 dollars).
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The growth of U.S. "met" coal demand is offset by an expected reduction
of "industrial™ coal use. This market is forecast to decline at a rate of
some 1.0 percent per year. Since residential, commercial and transportation
uses of coal are almost negligible in the overall U.S. picture, the balance
of the demand then depends on the forecast for use of coal in power gemeration.

2. Porecast for Eleatriec Utilities Demand

The report of the Energy Demand Task Group (Chapter One) commented on

the extremely low elasticity of demand to Erice change for total energy. This
lack of elasticity is especially pronounced in power generation owing to the
very long lead time between the decision to build a power plant and the date
it comes onstream (presently 5 to 7 years). As a result, all the power sta-
tions that will operate in 1975 and some B85 percent of those that will operate
in 1980, are either existent or already committed as far as design and choice
of fuel are concerned. Fuels are not interchangeable between nuclear and fos-
5il -fuel plants, which further limits the flexibility of the demand.

The most important matter bearing on future use of ceoal in power genera-
tien is the impact of the Clean Air Amendments of 1970 (Public Law 91-604).
Low-sulfur coals are too scarce to constitute a nationwide answer and the
tightening criteria suggest that even fuel with 0.5-percent sulfur will not
be usable in wide areas without removal of 502 from stack gases. Alternate
selutions to the problem are conversion of coal to low-sulfur producer gas
(low BTU gas) or to low-sulfur fuel oil ahead of the beoiler.

The methodology used by the Coal Task Group to forecast coal demand from
electrical utilities was as follows:

o The total demand of electricity (in KWH) was obtained from the
National Petroleum Council (NPC) Energy Demand Task Group. (This
figure is well backed up by the Federal Power Commission and Edison
Electric Institute Studies.)

e The power generating capacity assigned to each fuel, whether currently
in existence or anncunced for startup in the future, is then added for
S-year intervals. For the first half of the 1970-1985 period, this
estimate involves little guesswork because most new stations for start-
up in this period have been announced. The forecast for the second
half requires an assumption regarding the use of coal versus gas, oil,
hydro or nuclear fuel. As a result, the forecasts by various groups
diverge increasingly as they reach further intc the future.

e After the generating capacity to be in operation with each fuel is
determined for each period, it is necessary teo "load" the various
segments of the total system. Here, too, judgment is required. The
figures used by the Coal Task Group are based on a 70-percent opera-
ting factor for all nuclear plants in 1975 and a 74-percent factor in
1980 and 1985. This compares with a 52- to S54-percent average for all
fossil-fueled plants and a declining hydropower operating facteor (52
to 45 percent).

# The fossil-fuel demand (essentially the remainder after nuclear, hydro
and gas turbines have made their contribution) is then estimated for
oil, gas and coal, reflecting the capability of existing plants te burn
these fuels and giving some consideration to the availability of each
for g;e in power plants. The resulting coal figures are tabulated on
p. 127,

3. WNuelear Impact on Utilities Demand for Coal
The coal demand forecast is based on nuclear capacity in existence and

operating at the stated load factors im 1975, 1980 and 1985 of 50,000, 127,900
and 251,260 megawatts, respectively.
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The assumption that the nuclear plant operating factor will be 74 percent,
however, must be viewed in the light of an actual average operating factor of
only 48 percent achieved so far by the 14 nuclear plants already operating in
1970. Thus, the ability of the nuclear sector to contibute its share at a
74-percent average output is still in doubt, and any shortfall would impact
increasingly on the demand for fossil fuels as the nuclear capacity increases.
In 1970, when nuclear capacity was only a small part of the U.S5. total power
plant, its low operating factor was already reflected in a greater demand for
fossil fuels.

The following figures give an indication of the sensitivity of estimates
of fossil fuel demand to the "nuclear impact." If the average output obtained
by the nuclear group in 1875 were to be only 60 percent rather than 70 percent,
the estimate of fossil fuel demands would have to be increased 2.7 percent.

But in 1985, when nuclear capacity represents a far greater fraction of the
total and a 74-percent operating factor is assumed, a drop of the nuclear
gperating factor to 60 percent would require a 13-percent increase in fossil
fuels (including almost 90 million tons of coal). This rise would be required
in that one year alone, unless anticipated years earlier.

The coal industry is increasingly moving toward firm, long-term, contract-
based operations both in the metallurgical and power markets. This trend
reduces the amount of excess mining capacity which can be counted on to permit
coal-burning plants to pick up the slack should nuclear plants fall behind
schedule in coming onstream or should they prove less reliable in operation
than expected. The rate of future commitment to nuclear power, fossil-fueled
power and mine development will presumably reflect this consideration.

RESERVES

In 1970 coal supplied only 19.3 percent of the total Energg needs of the
United States (about 13,062 trillion BTU's out of a total 67,8 trillion),
and this percentage contribution is expected to decline further. But against
this, one must weigh the fundamental fact that coal represents the largest,
most accessible reserve of energy available within the continental United
States. This reserve thus commands some attention.

Coal reserves in place (i.e., not necessarily recoverable) are commonly
reported as "Measured," "Indicated" and "Inferred." "Measured" reserves are
computed from dimensions revealed on the surface or from drill holes. "In-
dicated" reserves are computed partly from specific measurements and partly
from projections of visible data on the basis of geologic evidence. "Inferred"
reserves are based on less abundant and reliable data and are NOT INCLUDED in
this report.

The Bureau of Mines has reviewed the latest information on "Measured" and
"Indicated" reserves and has concluded that the U.S5. coal reserves, in beds
over 28 inches thick and under less than 1,000 feet overburden, are as follows:

Millions of Short Tons

Bituminous coal 261,510
Subbituminous coal and lignite 119,861
Anthracite 12,735

TOTAL 394,106

On the basis of 11,000 BTU's per pound (an assumed average value), these
resarves should supply 8,670 quadrillion BTU's, one-half of which is recover-
able by present ninfng techniques. This represents a reserve measured in
centuries in relation to our projected demand for ceal. Until a successful
breeder reactor is developed, no other U.5. energy resource is or will be
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comparable to this reserve. From the point of view of untapped resources, at
least, the coal reserves of the United States are sufficient to supply its
basic energy needs until the breeder or the fusion reacter, or perhaps solar
energy, can remove the ever-growing concern about our ultimate energy sources.

The above figure of 394 billion tons does not include "Measured" and "In-
dicated"” coal seams which are less than 28 inches thick and below 1,000 feet
overburden and which are thus beyond current economic mining practices. But
these 394 billion tons represent only 25.3 percent of all "Measured" and "In-
dicated" reserves of more than 14 inches and under less than 3,000 feet cover.
the latter will have no significance during the mext 15 years, but future needs
and new approaches to mining technology can someday place most of these 1,557
billion tons within reach.

1. &Strippable Reserves

The Bureau of Mines report shows that 85 percent of the 120 billion tons
of subbituminous coal and lignite occur in three states--Montana, Wyoming and
North Dakota. A considerable part of these are strippable (30 billion toms in
PAD District IV) and thus potentially available at the mine site at substan-
tially lower cost per million BTU's than deep-mined coal. This peint is of
significance if large amounts of additional coal should be needed in the future
for conversion to gas or liquid fuels.

By and large, the sulfur content of coals west of the Mississippi is lower
than the sulfur content of the reserves in the East and Midwest. Values rang-
ing from 0.5 to 1.0 percent are common. In addition, 5 billiom tons of strip-
pable bituminous coal reserves exist in Kentucky, Illineis and Ohio.

2. Metallurgieal Coal Resserveas

Steel making requires a special type of coal, known generally as metal-
lurgical coal. So-called metallurgical coals are needed to produce coke for
blast-furnace operation. Metallurgical coals must have a property known as
caking (or coking) and must be low in sulfur (under 1.5 percent and preferably
well under 1.0 percent). In addition, a high content of fixed carbon is de-
sirable (volatile matter content between 17.5 and 25.0 percent) and ash levels
should be low (5.0- to 7.0-percent ash is acceptable).

Coals of this type are in short supply throughout the world. The Bureau
of Mines tabulation indicates reserves of 20.3 billion tons of low and medium
volatile coals in seams 28 inches or thicker and under less than 1,000 feet
cover, This relates to a demand of 96 to 126 million tons per year for the
United States. To this must be added the already large and rapidly growing
export volume (56 million tons in 1970, potentially 120 million tons im 1985).
The U.S. reserve position for metallurgical coals is thus safe for many decades,
but is clearly not comparable to that of the coal reserves as a whole.

. Adequaey of Reserves

In summary, the supply of coal reserves in place is adequate to meet the
U.5. (and export) demand during the next 15 years and through the rest of the
century with a wide margin of safety including, if the need arises, coal for
conversion to gaseous and liquid fuels.

COAL MINING

Coal is produced in the United States in both underground and surface
mines. Most of the latter invelve removal of the overburden (stripping)
while auger mining makes up the balance. The contribution of surface mining
is large and it is rising:
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TRENDS IN USES OF TYPES OF COAL MINING

(Percent of Total

Coal Production)

1960 1965 1969

Deep Mining of Coal 68.6 65.0 61.9
Surface Mining of Coal 31.4 35.0 38.1
TOTAL 100.0% 100.0% 100.0%

Surface mining is attractive because it requires less investment and operati
cost (less manpower)] and because it is obviously not subject to the health a

nd

safety problems associated with deep mining--although it is subject to increas-

ingly stringent environmental requirements.
Mountain area increases, the percentage of
grow even faster.

In spite of the importance of surface
of the coal industry to supply its overall
depend on its ability to produce coal from
the manpower problem will be controlling.
technology

must be substantially accelerated to o
Mine Health and Safety Act of 1969 om existing production capacity.

As mining of ceoal in the Rocky
surface-mined coal is expected to

mining, however, the future ability
share of U.5. energy demand will
deep mines. In this connection,
Davnluguents of improved mining
fset the impact of the Coal
These

developments will have an even greater impact on the energy supply durin¥ the
1985-2000 period, when it may be necessary to reach farther into available
coal reserves and to mine thinner seams under deeper cover.

The technical details of mining are described in the full report of the
Coal Task Group; only a few brief comments on these and on the industry as a
whole are possible in this summary.

1. Underground Mining

Three systems of underground mining are currently in use: so-called con-
ventional mining, continuous mining and long-wall mining. Conventional and
continuous mining both involve a room and pillar approach, but they differ in
terms of machinery used and in operating sequence. The continuous mining
machines permit generally more effective use of manpower. The long-wall sys-
tem, long prevalent in Europe, has recently entered the United States. It is
expected to become increasingly more important because it concentrates produc-
tion in a smaller area in the mine, offering better productivity and simplified
ventilation. Trends in underground mining methods are shown below:

TRENDS IN USES OF TYPES OF UNDERGROUND MINING METHODS
(Fercent of Total Coal Productiom)

Method 1965 1970 1975 (Approx.)
Conventional 45 40 32
Continuous 55 58 63
Long-wall -- 2 5

TOTAL 100% 100% 100%

As a result of continued growth of continuous mining and near elimination
of hand loading, the average productivity of manpower has grown fairly steadily
at a 2.7-percent rate during the period 1965-1969. Historical data show the
following trend in tons per man per day:
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RELATIVE PRODUCTIVITY OF UNDERGROUND MINING
(Tons per Man per Day)

Under- Total

Eraund Industry*
1960 10,64 12.83
1965 14.00 17.52
1969 15.61 19.90

% Underground and Surface Mining. See
next section, "Surface Mining," for
relative productivity of sur%nce
mining.

It must be borne in mind, however, that the enactment of the new Coal Mine
Health and Safety Act of 1969 has had a profound impact on productivity, and
current statistics are mot yet able to reflect the final result. Reductions
at individual mines from 15 to 30 percent have been reported.

For instance, mine productivity is affected by the dust control provision

of the new law which now calls for a maximum of 3 milligrams respirable dust

er cubic meter of air. This will drop to 2 milligrams by January 1, 1976.

imilar impact results from provisions regarding roof contreol, ventilation re-
quirements and other limitations of the mining cycle. Interpretation of the
new law in the field has not yet reached a steady practice, and the law has
been in effect for too short a time to permit analysis of the impact on under-
ground mining. It is hoped that the setback in productivity resulting from
the new law can be regained during the next pericd. In any event, it is now
difficult to forecast manpower Tequirements with confidence.

Underground mines in the United States employed 106,000 men in 1970 to
produce 360 million tons. This figure should reach 430 million tons by 1880,
Assuming no further leoss in productivity for the average of this peried, there
would be a call for a net addition of 20,000 men. The turnover in the industry
is rather high, however, and the total need for recruiting and training will
be a multiple of this figure.

Even more crucial is the shertage of professionally trained gecple+ In
1969 the total numbeér of mining engineeérs in the industry was 3,300. Replace-
ments and modest additions totaling 5 percent of the work force annually would
require 165 new engineers each year. Yet the total number of all mining
engineers expected to graduate in the near future is only about 135 per year.

8. Surface Mining

It is necessary to distinguish between area mining and contour mining.
Area mining permits operation with a more or less inde%init& number of
successive pits as typically found in the coal fields of the Midwest and West.
Contour mining invelves comparatively steep surfaces such as those found in
the Appalachian coal fields.

The key figure on which feasibility of surface mining (stripping) depends
is the stripping ratio, usually expressed im cubic yards of overburden to be
removed to recover one ton of ccal. The limiting ratio depends on the value
of the coal among cother items; hence, actual ratio has reached up to 30:1.
Area averages are as follows:
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STRIPPING RATIOS--AREA OR STATE

Midwest: Kentucky 1141
Illinois-Indiana 18:1
Ohio 15:1
Western States: Overall average 6:1

The Bureau of Mines Coal Reserve Tables, incidentally, show some 25
billion tons of low-rank coals strippable at raties from 1.5:1.0 to 18:1 in
the western states.

The high manpower productivity of surface mining is apparent from a
comparison of the figures shown below with those previously listed for under-
ground mining. This high productivity represents one of the main incentives
for surface mining.

RELATIVE PRODUCTIVITY OF SURFACE MIMNING
[Tons per Man per Day)

o Auger Total

Stripping Mining Industry*
1960 22.93 31.36 12.83
1965 31.98 45.85 17.52
1969 35.71 39.88 19.90

* Underground and Surface Mining.

The high manpower productivity represents one of the main incentives for
this type of mining. On the negative side, one must 1list the increasing op-
pesition te stripping operations, particularly to contour mining. Land rec-
lamation of strip-mined land is currently subject to varying state laws. In
general, these laws require grading the mined area and seeding or planting to
reestablish vegetation. The cost of reclamation depends on the average amount
of coal recovered per acre of stripped land, hence the seam thickness. While
the actual amount varies widely, it is not prohibitive per se¢ (industry figures
range from 5¢ to 254 per ton), but proposed stricter reclamation requirements
will have a marked impact on stripping cost and will preclude stripping of some
resarves.

3. Structure of Coal Mining Industry

Some of the problems of the industry relate to the very wide range in the
capacity or scope of individual operations. The latest Bureau of Mines statis-
tics are based on 1969 data. In that year, production was distributed as fol-
lows:

DISTRIBUTION OF COAL PRODUCTION--1969

Mine Capacity Number of Percent of Total
in Tons per Year Mines Production
Over 500,000 295 60.3
200 =-500,000 263 14.9
S0 -200,000 B76 15.3
Under 50,000 3,634 9.5
TOTAL 5,118 100.0%
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Obviously, the problems of operating a mine producimg, say, 25,000 tons per
year (about 100 tons per work day) differ tremendously from those of a facility
producing 2 million tons per year (about 8,750 tons per work day). The diver-
sity relates to every facet of the industry. The trend is toward increasing
mine size. In 1960, the over 500,000-tons-per-year group contributed 49.3 per-
cent of the total; in 1969 its share reached 60.3 percent. This trend will
continue.

. Daye Worked

The number of days worked per year between 1960 and 1969 were as follows:

TRENDS IN WORKING OF MINES
(Number of Days Worked per Year)

Type of Mine
Year Underground Stripping Auger Total
1860 158 213 119 191
1965 216 238 136 219
1969 215 243 145 226

This trend, too, has probably been disturbed by the Coal Mine Health and Safety
Act of 1969 but statistics are not yet available.

Since most coal utilization in steel making and power generation is con-
tinuous, seven days per week around the clock, the low number of work days per
year may appear surprising. Tradition and current mining methods, however,
have prevented a more rational utilization of the rapidly rising investment in
mining equipment which is idle, on the average, almost one-third of the time.

&. Mintng Costs

Ccal mining conditions are much too varied to make any comments on “aver-
age" costs very meaningful. The mining conditions range from mining 28-inch
thick seams under 1,000 feet or more cover and under gaseous conditions to
stripping Z0-foot thick coal seams with 2 1.5:1.0 stripping ratio. A very
rough order of magnitude of direct operating costs for a new deep mine is given
in the following table. Costs are representative of 1970 levels but do not in-
clude all the added costs which will result from the new legislation.

Direct Operating Costs
~per Ton of Raw Coal

Labor ($40 per day at 15 tons per man day) § L.65*
Supplies 1.75
Fower .18
Payroll Tax and Compensation .20
United Mine Workers Welfare Fund LA0
Property Tax, Insurance, Misec. 15
Direct Administration .10
TOTAL § 5.43

* The impact of productivity variations:

At 10 Tons per Man Day +$ 1.35
At 20 Tons per Man Day - .65
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Equally important, however, is the rapidly rising cost of investment. This re-
sults from inflation in the construction business, from more stringent demands
for ventilation (more air shafts for a given mine capacity), etc. Depending on
depth of cover, thickness of seam, roof condition and required number of work-
ing faces, investment may vary between $8- and §20-per-ton-annual capacity of
uncleaned coal, Mining equipment life is limited, and 8- to 10-percent depre-
ciation rate is commonly applied. To this must be added an adequate incentive
as return on investment and associated income tax; 15 percent appears minimal
for this type of risk. These percentages imply an added cost of §1.85 to $4.60
fer ton depending on investment. This, in turn, suggests a total cost between
6.63 and $11.38 per ton. Depending on heat content, this might cover a range
from $0.25 to $0.45 per million BTU's. Royalty for coal was not included and
this may range from 0 to 5.0¢ per million BTU's. Furthermore, in the fall of
1971, the industry will be involved in negotiations for a new labor contract
which can be expected to increase the labor cost substantially.

The tecent price for deep-mined, high-sulfur, steam coal from existing
mines in the Appalachian area was near the low end of this range but the new
mine investments for added coal production will tend to raise this toward the
middle of the range shown above, say, $9.00 per ton (37¢ per million BTU's),
for a 35-percent increase. However, this increase will be somewhat graduated
a5 new mines increasingly replace those now in operation during the 15-year
period covered by this study. A cost range of 254 to 45¢ per million BTU's
for coal at the mine should prevail during the next 15 years.

High-quality metallurgical coals of the low-volatile grades are a special
case because these coal deposits are generally much thinner, deeper and more
difficult to mine. Hence, prices have been nearer 504 to 60¢ per milliom BTU's.
The elasticity of demand as a function of price is even less in coking opera-
tions than in power generation.

Compared to these figures, strip mining costs are lower and generally less
subject to future escalation. The direct operating costs for new strip mines
are expected to range from $1.25 to $2.75 per ton and investment from Eﬁ to $10
per annual ton of mining capacity. Using the same base as for deep mining, the
total cost range is from $2.60 to $5.00 per ton. The bulk of new strip opera-
tions should arise in the western region where coals are generally of low rank
(6,500 to 9,500 BTU's per pound). This, too, greatly affects the costs in cents
per million BTU's. A range of 15¢ to 25¢ per million BTU's indicates the wide
range in pessible cost of strip-mined coal.

6. Capital Requirements

It is possible to arrive at an order-of-magnitude figure for investment
needed to supply the growing demand. The following bases are used: (1) tomn-
nages as shown on coal demand forecast to determine net increase plus a 3-
percent replacement of total capacity per year; (2) a slow growth of surface
mining from 38 pereent of total production in 1870 to 43 persent in 1985; and
(3) average investment costs for each type of mine, which increase from §12
to $15 per annual ton for deep mines and from $6 to $9 per annual ton for sur-
face mines, plus the addition of cleaning facilities on one-third of all new
mines.

The resulting total to be spent during the next 15 years is $5.25 billion.
Only a minor part of this capital will flow from depreciation; the bulk will
require an investment climate for coal mining adequate to attract these funds
in competition with other opportunities. This will require an assured long-
range outlook for coal in its established markets. Such assurance is an im-
portant consideration in view of the long lead time (2 to 4 years) required to
open new mining capacity. As a practical matter, there is at present very
little spare capacity in the coal industry.
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COAL TRANSFORTATION

Compared to other forms of primary energy, coal is costly to transport.
Thus, utilization at mine mouth offers a real attraction and is likely to grow
but, for the 15-year period under study, the impact of this tremd can only be
limited. The importance of transportation and the high degree of reliance by
the coal industry on other industries is demonstrated by the following figures:

Tonnage Waterborne

Tonnage Originated {Long-Haul)
Total U.S5. by Class 1 Internal,
Year Production Railroads _Lake and Coastwise
(In Millions of Tons) (In Millions of Tons)
1965 520 353 142
1969 561 376 142

These figures are not additive because a substantial amount moves sequentially
by rail and barge or lake boat. Thus, almost two-thirds of all U.S5. coal de-
pends on rail movement and one-fourth moves on our various waterways. The con-
tinued health of these two independent transportation industries is thus of par-
amount importance to the U.5. energy outlook and is discussed in this section.
Coal slurry pipelining is described in the full report of the Coal Task Group.

1. Railroad Transportation

An important aspect here is the great interdependence of the coal and rail-
road industries, which will continue. The following figures demonstrate this.

1965 19689
Total Coal Freight Revenue ($ Billion)}  $1,102 $1,171
Coal as percent of Total Freight, Revenue 11.9% 10.8%
Coal as percent of Total Freight, Tons 25.4% 25.6%

No other commodity approaches coal as a source of freight and revenue. During

the last decade, the ratio of rail revenue to mine value has declined from 0.72
to 0.62 due to introduction of the unit train concept, which has helped to in-

crease efficiency of car utilization.

Definitions of the term "unit train" differ. Hence, it is impossible to
state precisely what percentage of all coal currently moves by this mode; the
figures vary from one-third to one-half. Thus, further increase in efficliency
can be expected.

In coal transportation by rail, the term "efficiency'" relates largely to
utilization of hopper cars. While hopper cars spend 7.7 percent of their total
time in line-haul service, this figure is 13.4 percent for all other rail cars,
and it is very substantially higher for unit trains which are specifically as-
signed to given point-to-point movements. The need for further improvement in
utilization of hopper cars is emphasized by the ever-present car shortage.

This is a serious problem because the majority of mines are not equipped to
store coal, and lack of hoppers thus forces shutdown of the mine. The hopper
car problem is demonstrated by the following table on car population and total
car capacity in the 1965-1969 period.

1965 1969
Average Size of Car (Tons) 65.6 71.9
Total Number of Cars 425,236 388,609
Aggregate Capacity (Milliom Toms) 27.89 27.95

During the intervening four years, rail movement grew 7 percent; this growth was
achieved by better utilization (longer line-haul service) of cars, not by adding
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to the fleet. To keep up with the growing demand for coal transport, the fleet
must be increased.

It is necessary alse to bear in mind that the continued ability of the
railreoads to serve the expanding ceal industry rests upon this national system
in being. The railroad industry claims that over $36 billion of new expendi-
tures for all plant and equipment is necessary during the next decade. Of this
total, between $5 and $6 billion will be required for coal cars and associated
motive power. These funds cannot be generated from internal sources alone.

Given such assistance, there is no technical reason why the railroads can-
not provide for the future movement of coal, which is expected to grow at a
lower rate than coal production due to increased use of coal at mine mouth.

2. Water Transportation

This includes movement in barges through rivers and canals, lake shipment
and coastwise shipment. The total moved in 1968 was 156 million tons, includ-
ing 14 million tons of local shipment (shipments within the confines of a port)
a5 well as long-haul tonmnage. The total may grow to 205 to 225 milliom by 1980.
Most of this increase will be on the rivers and canals. Some Z1 percent of the
total waterborne coal in 1968 involved a joint rail-barge movement, and the fig-
ure increases to 31 percent if the tidewater and lake ports are included. An
efficient system of handling between rail and water is important.

Water tramnsport is attractive, of course, bhecause it is low in cost. Large
volume barge movements cost around 2.5 mills per ton mile, and the U.S. average
is near 3.0 mills per ton mile. This compares to 5 mills per ton mile for cer-
tain unit train hauls and about 9.9 mills per ton mile for the average rail coal
haul [in 1965, the last reported figure).

The U.5. system of waterways needs no description here but it is interest-
ing that water transport trends toward long distance. Between 1965 and 1968
water transpoert grew 9.6 percent; of this growth 38.5 percent involved tonnage
which moved over 1,000 miles. Thus, the waterways open markets for coal which
otherwise would remain beyond economic reach.

Technological improvement has increased the tonnage of individual tows and
brought the power of tow boats into the range of ocean-going ships. Tows of
40,000 tons are hecnming common on the lower Hississiypi and tows of 36,000
tons have moved on the Ohic. Positive action is required, however, to modern-
ize and enlarge the navigation system to cope with traffic which has reached
the economic capacity of certain gateways. Specifically, this bottleneck af-
fects the central interchange of the river system.

The most crucially overloaded locks are numbers 50 through 53 on the lower
Ohio River and numbers 26 and 27 south of Alton, Illinois, on the Mississippi.
At the Chie locks numbers 50 and 51, for instance, the aggregate transitting
tonnage (millions per year) has grown thus:

Transitting Tonnage, Locks 50, 51
(Millions of Tons per Year)

1965 1970
Coal Tonmage 7.5 16.0
All Commodities 26.0 43.0

The estimated economic capacity of these locks is 40 million tons per year.
Construction of adequate new facilities has now been initiated but will take
five years to complete. Thus the growth of coal movement through this reach
will be constricted for some years. Construction should proceed expeditiously.

Other segments of the river system are similarly afflicted, and suggested
remedies are described in the full report of the Coal Task Group.
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A specific problem exists at the Hampton Roads, Virginia, port where most
of the U.S. metallurgical coal is loaded for export. Demand for this movement
is forecast to grow from 56 million tons in 1970 to 120 million in 1985. Such
expansion may require a completely new approach to the port problem or diver-
sion to other ports. Present draft limitations in U.5. harbors are inadequate
for vessels over 100,000 DWT, and some way has to be found to accommodate such
vessels if U.S. coal is to remain competitive in world markets.

NEN TECHNOLOGY FOR COAL UTILIEATION
. Contrel ef Sulfur Ozide Emisaions

The latest authoritative review of this subject was prepared in 1970 by
an ad hoc panel of the Natiomal Academy of Science and the National Academy
of Engineering ([(WAS/NAE). The panel stated, {ntar aliaz, that "commercially
proved technology for control of sulfur oxides from combustion processes does
not exist” and that "unless the necessary technology becomes available, the
country may have to choose between clean air and electricity."

There is, however, a concerted effort under way at this time to seolve the
problem, sponsored privately by various utilities and supported by the Air
Pollution Control Office of the Environmental Protection Agency. Maximum imme-
diate attention is being given to scrubbing of stack gases with various forms
of lime, limestone and dolomite. A series of large, but still experimental,
scrubbers will be under test by the end of 1971, and an initial solution may be
available in the next 1 to 2 years. Presumably, other more economic systems
will follow. Several alternatives are already under development, and the driv-
ing force for research and development in this area is generally recognized.

The 502 removal problem is much more difficult to solve on existing sta-
tions which are cften cramped for space, where disposal of waste sludge from
the scrubbers is very difficult and where operating factors are low. The latter
is a particular burden because the high cost of add-on scrubbing equipment can-
not be amortized over many tons of coal. At this time, one can expect the cost
of 80- to 80-percent S50 removal from existing plants te fall into a range of
B¢ to 16¢ per million BTU's for large base-load stations, but costs of Z0¢ per
million BTU's will easily be exceeded in older peaking plants.

The costs of 507 removal are less significant for stations which are ini-
tially designed for stack gas cleanup and where efficient removal of particu-
late matter is combined with 5073 cleanup.

The key problem for the mext 5 to 10 years, in the words of the NAS/NAE
panel, is that "...care must be exercised...to insure that realistic criteria
and plans are adopted which can be implemented in concert with the development
of technology....There is a real danger that the public may be led to expect
environmental improvements at a rate that cannot be realized.” Even if a com-
mercially proved process were available right now, it would take many years to
equip only the most important plants with cleanup devices. The total installed
fossgil-fuel generating capacity is around 250,000 mepawatts (MW); at a low aver-
age cost of 325 per KW for cleanup equipment, it would cost $3 billion te fit
just half of the U.5. stations with 50; removal systems. Obviously this re-
quires time.

2. Combined Power Cyecle
All schemes for removal of sulfur oxides imply increased costs except one
which is based on a modified power cycle and is thus limited to new plants. In

this instance, coal is gasified under pressure; the resulting gas is cleaned
and fed to a combined gas turbine/steam turbine system. A 170-MW coal-burning
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plant of this type, but without sulfur removal, is under construction in Ger-
many and will be watched with a great deal of interest by the U.5. power in-
dustry. Essentially all segments of this technology are commercially proved,
and the plant is nxsected to be at least competitive with a plant of ordinary
design, yet with addition of established sulfur removal (as in gas-plant prac-
tice) it would be pollution-free. The real promise inherent in the combined
cycle lies in the potential future increases in gas turbine inlet temperature,
which should lead to higher plant efficiency. The system deserves vigorous
development; given such support, it could begin to make an appearance toward
the end of the 1970-1985 period.

d. Synthetic Fipeline Gas from Coal

Interest in this subject has grown recently, and the present state of the
art was examined to determine how coal can best serve to fill this energy gap.
Coal can, of course, be "converted" to gas most efficiently by direct replace-
ment of natural gas in all those applications where coal can be used, notably
in boilers and power stations. However, proved technology is currently avail-
able to convert coal to pipeline gas, albeit of somewhat reduced heat content.
Coal-based gas will contain from 900 to 925 BTU/CF compared to 1,025 to 1,050
BTU/CF for natural gas.

A satisfactory process of manufacturing synthetic gas from cocal is pres-
ently available for commercial use. Developed over 30 years ago by Lurgi
G.m.b.H. of Germany, this process has been in commercial use ever since. The
Lurgi process is particularly suited for non- or mildly caking coals and re-
quires a feed size generally above 1/4 inch. Most western and mid-western
coals can be used, and strip mining generally minimizes the production of minus
1/4 inch to the point where the amount of fines is just adequate for the aux-
iliary boiler needed to make process steam.

The economics of this process has been appraised and an order-of-magnitude
cost of gas developed. Results are shown in the table below for a plant with
a capacity eof 270 millien CF/D which produces 900 BTU/CF gas. This plant would
have a capital cost of $209 million or $875 per million BTU's daily capacity.

Operating and Capital Costs of Synthetic Gas Plant

Per Year Per Million BTU's of Gas
Cost of Coal® 51?,gnn,nnn 22.2¢
Operating Cost 16,100,000 20.0
Capital Charget 37,700,000 46,7
TOTAL $71,700,000 88.9¢

# Assumes western strip-mined coal at 15¢ per million BTU's con-
verted to gas at 68-percent thermal efficiency.

+ At 18 percent.

Specific coal prices and quality and lecation will result in costs vary-
ing from $.90 to $1.10 ger million BTU's for gas from western strip coal to
$1.05 to $1.25 for gas from eastern shaft-mined coal.

Several new gasification processes have reached the pilot plant stage of
development. These new processes offer potential savings in plant investment
from 15 to 20 percent. While the savings appear greater when one considers
solely the process plant proper, there are major segments of overall plant cost
which remain unaffected by selection of process.
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As a result, the new processes offer savings between 8¢ and 12¢ per mil-
lion BTU's in the price of synthetic gas; they may become available at the
middle of the 1970-1985 period. Some $80 million will be spent on these pilot
plants, and it will then be necessary to demonstrate the new technology in a

lant representing a single full-size reactor train. Such a unit will cost

100 million. The incentive for such a development is ample; if synthetic gas
were to supply 3 TCF per year at the end of the period (10 percent of expected
demand) and the new development were to save 104 per million BTU's, the annual
saving is $300 million.

The maximum potential growth and associated capital demands for pipeline
gas from coal is shown in Table LXXXIX(A). This is the maximum amount of capa-
¢ity that could be added without regard to economic considerations and assuming
that a full program is begun immediately, utilizing existing technology.

TABLE LEXXIX
POTENTIAL GROWTH OF SYNTHETIC FUEL INDUSTRY

(Al
FIPELINE GAS FROM COAL

(Assumes Existing Technology and Immediate Accelerated Rate of Buildup)

CAPACITY CAPACITY HILLIONS OF § INVESTED
ADDED CUMULATIVE Strip Total Toral
YEAR [(Emd) TCE/Yr TCF/Yr PMant Hines® In Year Cumulative
1975 .0 0.0 il a0 250 250
1976 B.16 0.24 470 an 500 750
1973 0. 16 040 4I0 L1 00 1,250
1978 025 0.65 600 120 20 1,970
1979 thru
198% D33 [ea.yr.) 3.0t B0 (ea.yr.) L60(ea.yr.) S0 (ea.yr.) 600

& Toral smining eapacity (serlp) in 1985: 322% millilosn to 250 million tons per year (B to §
hillion tons reserves).

+ Thrée TCF per yveéar [approximately %6 wvnits, 250 MMCF/D each).

(1)
SYNTHETIC LIQUIDS FROM COAL

CAPACITY CAPACITY MILLIONS OF % INVESTED
ADDED CUHULATIVE Strip Total Total
YEAR (Emd]) ME/D HE/D Flant Mines® In Year Cusularive
Ls [Assumes Mew Teéechnology Available im 1978 and Comservative Rate of Bulldup)
1981 10 1o 200 za 210 110
1985 L1 an 330 k1 355 575
T [Assumes New Techmology Avallable in 1977 smd Accelerated Rate of Buildup)
1980 50 £a 320 50 3ta 370
1981 100 150 B0 100 70D 1,070
1981 oo 250 600 109 o0 1,770
1983 o0 450 1,100 00 1,300 2,070
1984 200 650 1,100 200 1,300 5,370
1985 200 B50 1,100 200 1,300 i,670

¥ Total mining capacity [strip--accelerated buildup) in 1985: 140 million to 150 milliom
tens per year {5 to & billion tons reserves).

Hote: Compare thése capital requivrements with those needed for expansion of power gengra-
tion capacity: The total capacity is azsut:lﬂl to grow from 340,000 MW in 1970 to
77,000 MW in 1585. At 5200/KW installed cost, the capital reguirements will grow
from about $6 BEllion kn the beglaning of the perieod go $12 Billien in 1085,
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§. Synthetic Hydrocarbon Liquide from Coal

Production of synthetiec liquid fuels from coal requires development of
new technology in hydrogenation of coal or coal-derived intermediates and in
production of hydrogen, alsc from coal or coal-derived material. The hydrogen
is produced substantially by the same process as for production of pipeline
gas, and the demonstrated technology presently available is sufficiently close
to new alternates to serve for an appraisal of the subject.

The hydrogenation step proper has been under development intermittently
ever since World War II when some 100 MB/D of liquid fuels were produced from
coal in Germany. Several significant improvements have since been tested
which would be required to bring coal liquefaction within reach of practical
economics under U.5. conditions. The key step involves the use of efficient
catalysts under the high pressures needed for the process. The so-called ebul-
lating bed reactor offers the best hope, and this has been evaluated by Hydro-
carbon Research, Inc. Information published by H.R.I. was selected to appraise
the liquefaction problem.

To forecast liquefaction economics on a realistic bases calls for judgment
regarding the uncertainties in detailed engineering and engineering changes re-
sulting from the yet incomplete development. These are estimated to add 24
percent to the initial plant estimate which reflects a fully proved commercial
process. The total investment, including manufacture of hydrogen from coal, is
expected to fall between $6,000 and $8,000 per daily barrel of synthetic crude.

Bituminous coal at $6.50 per ton (27¢ per million BTU's) and a return of
10 percent discounted cash flow on capital, would yield a price from the first
lant for the resultant liquid (syncrude of approximately 32° API gravity) of
E?.SD per barrel and the sale of some high BTU gas at §1.00 per million BTU's.
The figure would be 504 to 75¢ per barrel less for western (U.5.) coal. The
lower coal price there is offset by lower coal quality and increased demand for
expensive hydrogen. Plant size, too, has some effect although multiple reactors
are needed in most plant sections; the above figures, developed for 30 MB/D
capacity, might drop 504 per barrel for a 100 MBfD plant.

Once the process is developed and applied in large plants on western strip
coal, costs in the range of §6.00 to $6.25 per parrel can probably be reached.

A more limited objective is the conversion of high-sulfur coal to low-
sulfur heavy fuel e¢il for power plant use. Hydrogenation of coal removes a
substantial part of sulfur while the coal substance is liquefied. A process
can probably be developed, and preliminary estimates suggest a cost of $4.50
to $5.50 per barrel for a fuel o0il of approximately 0° API gravity containing
0.3- to 0.5-percent sulfur. This could be of considerable interest within the
next 15-year peried.

The intermittent nature of American interest in coal liquefaction has been
alluded te, yet this is a very major and complex technical development which
requires sustained effort. Over a 5- to 8-year period, including pilot plant
and prototype plant demonstration, a total of $50 to $80 million will be needed
before the first commercial-size plant can be built with assurance. The incen-
tive to engage in such an effort has not been sufficient in the past to sustain
it for a sufficient length of time. The long lead time implicit in these esti-
mates suggests that this work should at least be started well ahead of the time
when the economic incentive is obvious. This requires a policy decision at the
appropriate levels of private industry and government.

The potential impact and associated capital demands for synthetic liquids
from coal appears in Table LXXXIX(R).
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Chapter Ten

NUCLEAR TASK GROUP REPORT

ABSTRACT

Under the conditions of economic climate and of government policy and re-
gulation assumed to exist for this initial appraisal of the 15-year period
1971-1985:

V.8, nuclear fuels demand is expected to grow from 6,900 tons per year
of Ug0g in 1971 to 59,500 tons per year of U3zOg in 1985. This repre-
sents a cumulative U.5. requirement for uranium of about 450,000 tons
over the 15-vear forecast period, not including the reserves necessary
in 1985 to sustain operation. All of this requirement comes from
electrical utilities,

The uranium resource position of the United States appears adequate
with respect to low-c¢ost uranium to meet the total projected demand for
nuclear energy. Thus availability of uranium imposes no constraint on
projected output in the 15 years through 1985, and domestic uranium
could perhaps be called upon toe support even a larger growth rate,
given appropriate economic incentives.

There are several major factors which affect the future of nuclear fuels
and which must receive proper attention if this forecast is to materialize:

Long-range purchase arrangements providing adequate incentive and suffi-
cient lead time are necessary to develop the full potential for discov-
ery in this emerging industry. It is estimated that 350,000 tons of
reasonably assured reserves of Uz0g exist in the U.5. and that an addi-
tional 680,000 tons is available at product costs (development, mining
and milling) up to $10 per pound.

It is assumed that government policy will continue to be directed to
the maintenance of a viable domestic industry and that policies with
respect to disposition of government uranium stocks and the enrichment
of foreign uranium in government-owned plants for domestic use will be
consistent with this nEjEEtive. For the purposes of this study it was
assumed that the 450,000 tons of U3z0g required through 1985 would be
furnished by the domestic industry.

Although lower radon limits have been announced, it is assumed that
this regulation will not be administered so as to materially restrict
uranium production. This is an important assumption, since it is esti-
mated that about one-half of the presently proved domestic uranium ore
reserves will be produced from underground mines.

An estimated $5 billion in capital investment must be made for uranium
exploration and to provide the facilities necessary for domestic mining
and milling, refining and converting, enriching, fabricating and repre-
cessing of uranium for use as a fuel in nuclear power plants. In as-
sessing the significance of these capital requirements two factors
should be considered: (1) the uniqueness of the nuclear fuel cycle and
the newness of the technology involved in comparison with fuel forms
for fossil-fueled plants, and canseguently the relatively greater oppor-
tunities for improving the nuclear fuel ecycle; and (2) the somewhat
larger investment in nuclear generating plant facilities than in com-
parable fossil-fueled plants.
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e Although reactor technology te improve the utilization of nuclear fuels
will continue to progress, new types of reactors will not materially
affect uranium demand before 1985.

# The forecast of uranium demand is based on the AEC projection, which
the task group adopted, that installed nuclear power capacity will be
300,000 MWe in 1985 and that this capacity will generate 2,067 billion
KWH. Serious delays in the installation of nuclear power plants re-
sulting from siting, environmental and construction problems must be
avoided if nuclear power supply is to attain this level.

SUMMARY OF NUCLEAR TASK GROUP REPORT

This report provides an analysis of the nuclear energy outlook (i.e., nu-
clear electric power generation and nuclear fuels requirements) for the United
States during the l5-year period 1971-1985, assuming the continuation of gov-
ernment policies which were in effect at the beginning of this period and adopt-
ing the estimate of electrical energy demand described in the basic interim
report.

Present government policies and programs and othér factors are identified
that bear significantly on nuclear electric energy demand and supply. Within
the context of the identified factors and the adopted electrical energy demand,
nuclear energy for power generation is forecast, and the availability of nuclear
fuel resources in the United States and non-Communist areas elsewhere to meet
these requirements is estimated.

ASSUMPTIONS USED FOR THIS STUDY

The broad assumption for this initial appraisal is that present government
poelicies, programs and practices will be continued through. 1985 without signif-
icant change. Within the context of this breoad assumption, the following gov-
ernment policies and grugrams and other factors bear significantly on nuclear
electric energy demand and supply and are assumed to prevail during that per-
iod as indicated. In this regard, it should be noted that this report on the
initial appraieal does not, because of the assumptione made, constitute a prob-
able forecast of the future agnd should not be ao interpreted.

1. Health and Safety and Environmental Factorsa
d. Mines

Radon concentration in the mines and nonradiological mine hazards are reg-
ulated by governments. Although lower radon limits have been announced, it is
assumed that such regulation will not be administered in such a manner as to
materially affect the ability of underground uranium mines to maintain and ex-
pand production. It is estimated that approximately one-half of the presently
proved domestic uranium ore reserves will be produced from underground mines.®*

b. Use of Muclear Puels

The possession and use of nuclear fuel materials throughout the nuclear
fuel cycle, and the construction and operation of nuclear power facilities and
commercial chemical reprocessing plants, are subject to federal and state li-
censing and regulation to protect the health and safety of the public from
radiation hazards.

*Based on information published in the U.5. Atomic Energy Commission's Statis-
tical Data of the Uranium Industry (Grand Junction, Celorade, January 1, 1971).
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In addition, nonradioclogical environmental aspects will be considered in
the issuance of nuclear reactor licenses in accordance with applicable federal
and state environmental standards.

In the long term, environmental considerations are not expected to mate-
rially retard the growth of nuclear power or alter its competitive position.
In the near term they will tend to delay construction and to increase the cost
of nuclear power through limitations on siting and thermal discharges, but air
pollution associated with the use of fossil fuels will accelerate the trend to-
ward nuclear power generating facilities.

2. Technology for Nuclear Fuels
a, Government R&D (Including Financing Support)
The government will continue extensive research and development on:

e Fission breeder reactors--which make available virtually unlimited
energy from known uranium resources

# The safety aspects of currently available types of reactors

% Fusion reactors--which could also, if successful, supply unlimited
energy.

b. Domestic Nuclear Plant (1971-1985)

Plutonium (Pu) recycle is expected to commence in 1974, Recycling of plu-
tonium will be continued in the United States through 1985.

The high-temperature gas reactor will not materially affect uranium demand
through 1985, but will have an impact thereafter.

Fast-breeder reactors will not significantly influence the guantity of
uranium required before 1985.

d. Government Indemnification

The Government will continue to provide liability indemnification and pro-
tection to the public in the event of an incident in which there is a damaging
release of nuclear radiation (currently provided under the 1957 Price-Anderson
amendments to the Atomic Energy Act).

4. Importe

Uranium enriched in U.5. government-owned facilities for use in domestic
reactors will continue to be of U.5, origin as required to ensure that a viable
domestic uranium mining undustry exists. Uranium may be imported for enrichment
in U.5. government-owned facilities if it is to be re-exported for use in reac-
tors abroad. (See last paragraph of section B, Nuclear Growth Forecast--Uranium
Requirements, p. 149, concerning the quantities of uranium assumed for this
study to be furnished by the domestic industry.)

d. Urantum Stocka
The U.S5. Government will gursue its stated policy of disposing of excess

uranium stocks, estimated at about 50,000 tons of Uz0g, in a manner which will
not adversely affect the general viability of the domestic uranium industry.
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It is assumed that virtually all domestic uranium production will be used
for nuclear power plants through 1985, i.e., U.5. Government requirements for
nuclear materials will be satisfied from government stocks (see p. 149).

. Depletion

The depletion allowance for uranium has been reduced from 23 percent to
Z22 percent. It is assumed that the depletion allowance or other incentives for
exploration and mining, consistent with those provided for other minerals, will
be continued in order to attract the necessary risk capital and to promote the
continued development of uranium supply.

f« OQwnership and Operation of Uranium Enrichment Plants

The Government presently owns the gaseous diffusion plants used in enrich-
ing uranium in the United States. The possibility of private ownership and
operation of enriching facilities in the future has been receiving attention.
New enrichment capacity, when added, will use gaseous diffusion technology.

[t is assumed that a factor of $32 per kilogram unit of separative work
will be used for gaseous diffusion enrichment services and that a 0.20 percent
Uyye assay will be utilized for tailings from gaseous diffusion plants (see
fﬂ&gth footnote, Table XCJ.

8. Mining Lawa and Publie Lande

Public lands, an important source of uranium, will continue to be available
for mineral development in the United States. Modifications to the mining laws
as proposed by the Public Land Law Review Commission are not expected to materi-
ally change the position of uranium producers.

#. Antitrust

Government policy will continue to permit free competition between nuclear
and other energy sources.

The regulatory activities of the Atomic Energy Commission will include
consideration of the antitrust aspects of license applications for proposed
nuclear power plants. Antitrust considerations could be significant in parti-
cular instances, but are not expected to affect the growth of nuclear power as
a whole.

1. Waste Management

The nuclear power industry generates radicactive wastes which must be iso-
lated from the biosphere for long periods of time. The cost of such disposal
is assumed to be small* compared to the overall cost of the power generated.
However, a waste disposal system that embodies adequate health and safety con-
siderations will have to be developed.t The present essential features of AEC
regulatory policy will be continued on radioactive waste pertaining to time of
commercial storage, commercial performance criteria, use of federal reposito-
ries, and bearing of repository costs.

*Because there is a 1l0-year lag between taking delivery of irradiated fuel and
the disposal of waste fission products, additional cagital investment for such
storage is not believed to be significant prier to 1985,

+The Atomic Energy Commission has announced the tentative selection of a site

near Lyons, Kamsas, for the location of a demonstration Federal Regusitnry.
Conceptual designs for a demonstration facility are being developed.
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TABLE XC

UNITED STATES AND NON-COMMUNIST FOREIGN
REQUIREMENTS FOR NUCLEAR POWER REACTORS

Annual
Separative
Installed Tons UzOg4 Work
Calendar Year MWet Annual Cumulative MT SHUE
United States®
1971 11,000 6,900 6,900 3,200
1975 59,000 18,400 66,200 10,500
1980 150,000 34,200 206,000 20,500
1985 300,000 59,300 450,000 37,400
Non-Communist Fﬂrﬁigﬂi
1971 12,400 7,400 7,400 1,900
1975 37,000 16,300 56,600 6,000
1980 127,000 34,500 191,000 14,800
1985 270,000 60,400 440,000 33,300
Total Non-Communist Worlds
1971 23,400 14,300 14,300 5,100
1975 96,000 34,700 122,800 16,500
1980 277,000 68,700 397,000 35,300
1985 570,000 119,700 890,000 70,700

&

Uranium and separative work requirements based on
plutonium recycle commencing in 1974.

Installed generating capacity of nuclear power plants
measured in megawatts u? electricity [HHE? The energy
supply (measured in trillion BTU's, rounded) to fuel U.5.
nuclear power plamts would be: 240 in 1870; 3,340 in 1975;
9,450 in 1980; 21,500 in 1985.

Uranium and separative work requirements assume "tails"
of 0.2 percent at gaseous diffusion plants (GDPF). The
AEC has recently suggested that industry use a pro-
jected level of 0.15 percent as a tentative figure for
planning purpeses, starting in 1973. A level of 0.25
percent would increase U.5. uranium requirements on

the order of 10 percent.

Uranium and separative work requirements include require-
ménts for natural wranium reactors without plutonium re-

cycle, foreign light water reactors commencing plutonium
recycle during 1974, and the British advanced gas-coocled

reactors (AGR's) without plutonium recycle.

AEC has assumed separative work requirements in the U.S.

during 1985 for foreign LWR's to be 18,400 MT SWU (Metric
tons, separative work units).

Source: U.5, Atomic Energy Commission, Forecast of Growth of

Nuelegr Fower, WASH-1139 (January 1971).
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11. Safeguards

It will continue to be the policy of the Government to assure against the
diversion of special nuclear materials to unauthorized uses through the estab-
lishment of a system of domestic safeguards and the development and establish-
ment of effective international safepuards. It is assumed that the U.5. Gov-
ernment policy on nuclear safeguards will not have any significant effect on
the growth of nuclear generation.

12, International Relations Other Than Import Policy

It will continue to be the policy of the United States to cooperate with
friendly countries in the peaceful uses of atomic energy by the supply of nu-
clear equipment, fuel and related material.

13. Costs

Cost estimates developed for this study are based on use of 1970 dellars.

RUCLEAR CROWNTH FORECAST--URANIUM REQUIREMENTS

The foregoing assumptions are compatible with those used in an AEC fore-
cast of nuclear power growth.®* Therefore, in predicting what domestic growth
isg likely to be, the Muclear Task Grﬂug saw n¢ reason to depart from the pre-
diction of the AEC. The AEC forecast 1s basically an extrapolation of 1960-
1975 data on nuclear and conventional plants installed, under construction and
definitely planned by utilities. (Plants having a capacity under 100 MWe and
those used specifically for peaking purposes were excluded.) If needed, domes-
tically produced nuclear fuel can furnish a larger part of the energy for power
generation if the industry 15 given adequate incentives and sufficient lead
time.

The forecast for the growth of nuclear power in other countries in the
non-Communist world generally follows the same approach as used in the domes-
tic forecast.

In translating the forecast growth in U.5. nuclear power generation inte
nuclear fuel requirements, several assumptions were necessary concerning the
expected design and operating characteristics of domestic nuclear plants. For
example, where reactor types were not known, the AEC assumed that additions to
capacity in MWe will be divided among boiling-water and pressurized-water units
in the respective proportions of one-third and two-thirds. The AEC also assumed
that the thermal efficiency of beiling-water plants would be 34 percent while
that of pressurized-water plants Hﬂulﬁ be 33 percent.

Capacity factors for new atomic plants were estimated by the AEC as fol-
lows:

Operating Level as Percent of Capcity (Capacity Factor)*

Year of Starting 15t Year ind Year 3rd Year
Commercial Operation of Operation of Operation of Operation
1975 and earlier 50 70 B0
1976-1980 a0 BD B0
109R1-1985 a0 50 a0

* Once the level of 80 percent is reached, it is used through
the remaining years of the forecast.

#.5. Atomic Energy Commission, Forecast of Growth of Nuelear Fower, WASH-1139
(January 1971).
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Summary forecasts of nuclear power growth and of uranium and separative
work requirements for the United States and non-Communist foreign countries
are given in Table XC. A forecast of distribution of nuclear energy by PAD
Districts is given in Table XCI. Such a breakdown of the United States into
smaller geographic divisions is not necessary for an analysis of supply and de-
mand for nuclear fuels, because transportation costs are minor. However, a
geographical distribution is provided for use in analyzing the supply of other
fuels.

TABLE XCI

DISTRIBUTION OF NUCLEAR ENERGY BY PAD DISTRICTS
(Trillion BTU's)

PAD District 1870 1975 1980 1985
1 147 1,691 4,490 9,953

| 8 32 1,076 2,880 5,822

111 i 287 861 2,255

IV .- 21 3l B2

v 63 __267 1,230 3,075
TOTAL 242 3,342 9,492 21,187%

®* 21,469 if Puerto Rico in included.

Source: U.5. Atomic Energy Commission.

As indicated in Table XC, cumulative U.S5. uranium requirements over the
15-year forecast period--all of which come from demand by electric utilities
and were assumed to be furnished by the domestic industry--are about 450,000
tons. These requirements, however, are only te meet fuel needs during the
period. The maintenance of a forward ore reserve will be required. This is
discussed in the feollowing two sections on uranium resources and capital re-
quirements.

URANIUN RESOURCES

Adequate uranium reserves can be developed within the United States from
the presently estimated low-cost™ resource of 1,070,000 tons of Us0g (see
Table XCIII, p. 152) to meet the total projected cumulative nuclear requirement
of 450,000 tons of Uz0g (Table XC) for the domestic power generation industry
for the 15-year forecast period 1971-1985, provided the economic and regulatory
climate is such as to encourage the required exploration and the large invest-
ment of sufficient capital for mines and mills.

This assessment takes into account the probability that investment inm ex-
ploration sufficient to find and maintain more than 10 to 12 years' forward

*#"Low-cost" refers to uranium reserves that can be developed, mined and milled
at costs up to $10 per pound.
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reserves to any point in time is unlikely and the fact that increased explora-
tion has historically yielded an improved reserve position. Should low-cost
uranium (§10 or less per pound of Usz0g) not be developed as anticipated, demand
could be filled in any case by the use of higher-cost material. Past experi-
ence in this country has shown that exploration and development of uranium de-
posits have increased sharply during the periods when incentives were attractive
and more than adequately met market requirements. Consequently, the supply of

uranium within the gurinq being studied will be determined by economic rather
than geologic considerations.

During the years a close relationship has been cbserved between explora-
tion activity and uranium discovery (Table XCII and Figure 17). As production
exceeded discoveries because of a virtual cessation of ExPlnratian. TES5ETYES
gradually declined during the early 1960's until a low point was reached in
1966, Since that time reserves have been on the upswing and the increases for
1969 and 1970 have been substantial. At the end of 1970, the reasonably as-
sured reserves had increased to 390,000 tons of Us0g.

There is a lag time between the resurgence of drilling effort and increases
in reserves. This lag is a reflection of the time required to discover depos-
its, carry out exploration drilling, and gather and evaluate data.

Besides Uz0g, thorium is another nuclear fuel resource, but prospective
requirements for thorium through 1985 seem unlikely to exceed a few thousand
tons. PBecause thorium reserves are very large in relation to the small re-
quirements, they d¢ not require analysis in the Interim Report.

TABLE XCII
URANIUM SURFACE DRILLING STATISTICS--1948 THROUGH 1%70
Feet Musber of  Average Addition to Reserves
Drilled Holes Pept Tons Uzlg Tons Founds
Year {Thousands)} (Thousands) [Feet) {Thousands) Par Hole Par Foot
1948 210 .- e .1 - -8
1949 413 - === 1.3 === 6.3
1950 778 e o 2.3 Eee 5.9
1951 1,428 -- - 2.4 e 3.4
1952 1,662 == ki 2.8 i 3.4
1953 4,015 == s 10.2 - 5.1
1054 4,610 e 15.9 B 6.0
18955 6,029 - i 44 .4 - 14.7
1956 8,790 -- .= 61.1 - 13.9
1957 9,200 i i 55.9 - 12.2
1958 7,253 48.3 151 28.5 61 3.1
1959 5,679 35.8 158 32.7 .91 11.6
1960 5,610 3.7 177 2.5 . 30 3.4
1961 4,509 27.6 163 4.8 o ) z2.1
1962 3,914 19.3 203 D.1 A7 4.6
1963 2,857 22.0 130 Tal . 2 3.4
1964 2,213 15.9 139 5.9 « 57 5.3
1965 2;113 13.6 155 3.6 .26 3.4
1966 4,200 18.9 222 5«8 ) | £.8
1967 10,764 9.7 362 17.7 B0 3.3
1968 23,800 58.0 410 26.0 45 2:2
1969 29,900 73.9 390 56.0 74 3.7
1970 23,500 59.0 308 55.0 .93 4.4
TOTAL 163,417 == su= 460.0 === 5.6
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Figure 17. Reserve Additions and Exploration and Development Drilling.

Table XCIIT reflects the latest ENEA-TAEA estimate of resources up to §15
per pound of UsDg as of January 1970,* adjusted as indicated in the accompany-
ing footnotes. %his table includes the January 1, 1971, USAEC domestic reserve
estimate, Uranium reserves (reasonably assured resources) are known with rea-
sonable precision, and projections of potential resources (estimated additional
resources) have been developed with reliable backup data.t Because prospecting
has been directed principally toward finding uranium which can be sold for less
than $10 a pound, the reliability of estimates for these resources is higher
than for higher-cost deposits.

*European Nuclear Energy Agency--International Atomic Energy Agency, Uranium
Resources, Froduction and Demand (Paris, September 1970).

tReasonably assured resources refers to uranium which occurs in known ore de-
posits of such grade, quantity and configuration that it can, within the given
price tange, be profitably recovered with currently proved mining and process-
ing technology. Estimates of tonnage and grade are based on specific sample
data and measurements of the deposits and on knowledge of ore-body habit.
Reasonably assured resources im the price category of below §10 per pound are
equivalent to reserves in the mining sense.

Eetimated additional resources refers to urdnium surmised to occur in unex-
plored extensions of known deposits or in undiscovered deposits in known ura-
nium districts, and which is expected to be discoverable and economically ex-
ploitable in the given price range. The tonnage and grade of estimated addi-
tional resources are based primarily on knowledge of the characteristics of
deposits within the same districts.
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TABLE XCIII

HON-COMMUNIST WORLD RESOURCES OF URANIUM IN 18570
(U303 in Thousands of Tons)

Reasonably E:tlnttad_ Total
Assured* Additional Resources
Frice to $10 per Found
Canada i52 Z30 462
South Africa 200 15 2158
France, Niger, Gabon, C.A.R.t 25 Bl 176
Othert 63 49 112
United Statesh 300 GED 1,000
§10 Subtotal 80 1,055 2,055
South West Africa § Australiac® 1og 200 300
£10 Subtotal 1,080 1,255 7,335
Price §10-315 per Pound#
Canada 130 170 300
South Africa 65 35 100
France, Miger, Gabon, C.A.R.% 22 35 57
Other 43 74 113
United States 190 S60 550
$10-%15 Subtotal 450 G670 1.120
Less-than-%15 Total 1,530 1,925 3,455

* See second footnote, p. 151, for definition.
t+ Central African Republic.
# Argentina, Australis, Brazil, Italy, Japan, Mexico, Portugal, Spain.

§ According to USAEC estimates of Janmusry 1, 1871, some 90,000 tong of UsDg may
occur a5 a by-product of phosphate and copper production through year 2000;
25,000 might be available by 1985.

The task group decided it would be desirable to recognize recent reported
discoveries in South West Africa and Australia. In the absence of specific
data, the task Eruup arbitrarily added 100,000 reasonably assured and 200,000
estimated additional for these discoveries.

# Excludes reasonably assured of 350,000 tons and estimated additional of
50,000 tons for Sweden considered to be ezsentially unavailable because of
production limitation and stated Swedish policy of meeting only a "certain
part” of Swedish requirements.

Six countries--The United States, Canada, South Africa, South West Africa,
Australia and France (together with its former colonies of Niger, Gabon and the
Central African Republic)--have 94 percent of the reasonably assured resources
and 96 percent of the estimated additional resources at §10 a pound of Uz0g.
These countries also have 93 percent of the total reasonably assured and esti-
mated additional resources up to §15 per pound of UzQg.

It should be noted that the likely rate of production of uranium reserves
is limited in some areas by such factors as size and distribution of deposits
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(Canada) and association with other tvpes of mining operations (South Africa).
Considering the problems and proposed cperational rates, it is estimated that
not over 800,000 tons of presently delineated reasonably assured reserves (U303
at $10 or less Eer pound) could be produced over the 15-year period. However,
the required additional UzDg will be available from additional deposits delin-
eated as reasonably assured reserves by continuing exploration and development.

Non-Communist uranium resources at $15 to $30 per pound of Uz0g have been
estimated by ENEA-IAEA at 560,000 tons reasonably assured and 1,580,000 tons
estimated additional. Higher-cost categories of UszOg have not been estimated
on a worldwide basis, but they represent virtually an inexhaustible supply of
uranium if used to fuel breeder reactors which, because they use essentially
all of the uranium (Uzzc and Uz3zg), can economically use such high-cost fuel.
The U.5. Atomic Enerpgy Eumn1551un*s current estimate of 11.5. reasonably assured
ﬁng estimated additional resocurces up to $100 per pound is 17 million tons of

Vg

CAPITAL REQUIREMENTS

It is estimated that a capital investment of §4.9 billion will be required
for exploration in the United States and for providing necessary facilities for
the domestic mining. milling, refining and conversion, enriching, fabricatinﬁ
and reprocessing of uranium for use as fuel in nuclear power plants during the
pericd 1971-1985.

In assessing the significance of these cagital requirements, two factors
should be considered: (1) the uniqueness of the nuclear fuel cycle and the
newness of the technology involved in comparison with fuel forms for fossil-
fueled plants and, consequently, the relatively greater opportunities for im-
proving nuclear fuel cycle, and (2) the somewhat larger investment in nuclear
generating plant facilities than in comparable fossil-fueled plants.

Delineating the capital investment requirements between the fuel supply
facilities and the generating plant facilities is easier and more meaningful in
the case of fossil-fuel fired plants than in the case of nuclear electric gen-
erating plants. Because only a portion of the nuclear fuel is expended during
4 core exposure, it is necessary to reclaim the unused nuclear fuel. This re-
processing procedure, including transport equipment, which will require a capi-
tal investment of $350 million, is not required in the fuel cycle for the fos-
5il-fuel fired plants. Consequently, direct comparison is difficult. Further-
more, the burnup charge and investment charge on the core while it resides in
the reactor, though not a capital investment chargﬁ for fuel facilities, repre-
sents a significant portion of the total nuclear fuel cycle cost.

The $4.9 billion in new capital investment required for the total nuclear
fuel cycle in the United States to provide domestic nuclear fuel represents an
investment of $16.71 per KW for the 292,500 MWe of nuclear electric power gen-
erating capacity, projected to be required during the years 1971-1985, inclu-
give, to utilize this fuel. For that portion of the fuel cycle which includes
exploration, development, mining and milling, the capital investment required
for the initial appraisal is estimated to be about $2.1 billion or $7 per KW.

While approximately %5 billion is a significant investment, it is much
smaller than the investment which will be required for the related electric
generating facilities. Thus it would appear that the major capital investment
decision will be made by the user rather than the supplier.

A summary of the several categories of projected capital investment is as
follows:
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EXPENDITURE

CATBGORY (In Millions of §)
Exploration and Development® 880
Mining and Millingt 1,229
Refining and UFg Conversion 140
Enrichment$ 1,980
Fuel Fabrication 310
Fuel Recovery$§ 350

TOTAL $ 4,889

# Estimate for exploration and development is conservative
since it is based on maintaining an 8-year forward re-
serve in 1985 equal to B times the 1985 requirements for
Uz05 whereas post-1985 annual uranium requirements might
require an additional 200,000 to 300,000 tons of reserve.
AEC stock (50,000 tons of Ug0g) is assumed to be avail-
able to meet a portion of 133§ forward reserve require-
ments.

+ The sum of the first two items ($2,109 million) is equiv-
alent to a capital investment for exploration, deavelop-
ment, mining and milling of $2.34 per pound of Uz0g based
on 900 million pounds (450,000 tons) of UzOg. These cap-
ital cost estimates do not include the cost of acquisi-
tion of mining properties.

3+ Estimate includes cost for improving and updating pres-
ent enrichment plant complex (gaseous diffusion plant
[GDP]) and for adding new enrichment cagacity. Because
capital investment to suEply required additional elec-
tric power will be made by the utility industry, it is
not included in this estimated figure.

§ Includes cost of equipment to transport spent fuel from
reactor site to reprocessing plant. However, additional
capital investment for off-site nuclear storage is not
included. Because there is a 10-year lag between taking
delivery of irradiated fuel and the disposal of waste
fission products, additional capital investment for such
storage is not believed to be significant prior to 1985.
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Chapter Eleven

OIL SHALE TASK GROUP REPORT

ABSTRACT

Synthetic crude petroleum from oil shale does have potential during the
period 1971-1985 which, given the size and trend of energy needs, is worth
careful consideration. However, under the conditions presumed to exist for
the initial appraisal, the projected utilization of this resource is limited
to 100 MB/CD E? 1985, even though there are 20 billion barrels of recoverable
il shale reserves having primary commercial attractionm.

There are several major factors which underlie this projection and which
affect the future of oil shale:

# 0il shales do not contain oil as such, but organic matter called
kercgen, which can be converted inte crude shale oil, gas and
carbonaceous residue by heating. Thus, within present technology,
a complex system is required to mine and retort the oil shale and
to upgrade the crude shale oil to synthetic crude oil (syncrude).

¢ The only o0il shale deposit in the United States having adequate
size and availability for potential commercial utilization at
the present time is the Greenm River Formation, underlying 16,000
square miles of several basins in Colorade, Utah and Wyoming.
This formation contains an estimated 1.8 trillion barrels o
shale o0il, but except for about 5 percent of the formation, the
deposits are largely speculative because they are low grade or
deeply buried and poorly defined.

# Early interest is assumed to center on zones of o0il shale at
least 30 feet thick and yielding at least 30 gallons per tom.
For purposes of the initial appraisal, only a more restrictive
cut of these zones averaging 35 gallons per ton (Class 1 Reserves)
was considered to be reasonably prospective.

¢ Reserves will be recoverable mainly by underground mining, and
these will average only 60 percent of in-place resources.

®» Under the assumed conditions, oil shale reserves are estimated
to be the equivalent of 20 billion barrels of oil, but only &
billion barrels are on private lands and subject to immediate
development.

®# Technology is presently available (although subject te continuing
improvemeént) for mining the o0il shale and is well along in
development for converting the kercgen te a crude oil and upgrading
the crude shale oil to a ﬁigh-quality syncrude.

® It has been assumed, for this projection, that environmental con-
cerns will be rescolved and will not present a deterrent to oil
gshale development.

# It has been assumed also, for this projection, that adequate
water is available to support oil shale operations and that
use of water for this purpose will be permitted.

@ No attempt has been made to identify the programs and investments

necessary to develop the infra-structure (community facilities,
roads, etc.) in Colorado to support a viable o0il shale industry.
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e Based on the above assumptions and using 1970 dollars, capital
investment in facilities to produce 100 MB/CD of syncrude
from o0il shale will be on the order of $500 million.

¢ Syncrude value at the upgrading plant in Colorado is projected
to be within the range u% $4 to EE per barrel--depending on the
assumptions used regarding return on investment, the development
schedule for production and other key parameters.

& On the assumption that no federal leases will be available,
production of the syncrude from oil shale reserves onm private
lands is expected to be limited to 100 MB/CD by 1985, even
providing that economics and environmental attitudes were
faverable.

# Under more favorable conditions, production of syncrude from

0il shale reserves is projected to reach a maximum of about
400 MB/CD, but this development would be unlikely without

the leasing of federal lands. The potential production could
be somewhat higher.

SUMMARY OF OIL SHALE TASK GROUP REPORT

ENERGY RESERVES IN U.5. OIL SHALE
1. Geography and Geology

Although oil shale deposits are found in numerous areas of the United
States, the only deposit of adequate size and availability to have potential
commercial value at the present time is the Green River Formation of Eocene
Age. This formation ranges in thickness from a few hundred to about 7,000
feet, underlying 16,000 square miles of several basin areas in Colorado,
Utah and Wyoming. Location of thick deposits, mainly dolomitic shales and
marlstones, is shown in Fipure 18. In general, the central parts of the
Piceance Basin in Colorado and Uinta Basin in Utah and Colorado contaim thick,
rich 0il shale sequences which grade to thinner and leaner oil shale at the
basin margins. Somewhat thinner and generally lower-grade deposits in the
Green River and Washakie Basins, Wyoming, also show decrease in grade toward
the basin margins.

8. FEatimate of Energy Available

In the initial appraisal the existing work and literature on oil shale
resources were surveyed and interpreted in light of the reserves which may be
recoverable at varying degrees of commercial attractiveness.

Basic assumptions underlying the resource and reserve estimates are:

# Only the Green River Formation shales are commercially attractive.

® Reserves will average 60 percent of the in-place resources and will
be recoverable mainly by underground mining.

e Early interest will center on zones at least 30 feet thick and
yielding at least 30 gallons of oil per tom of shale.
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a. Resources

For purposes of this analysis, the oil shale resources (in-place) were
arranged in four groupings. These general classifications are intended to
reflect the degree of commercial attractiveness and are explained below:

Class Description
1,2 In total, these are the resources satisfying the basic

assumption that early interest will be limited to deposits
at least 30 feet thick and averaging 30 gallons per ton of
shale. Only the most accessible and best defined deposits
are inecluded. Class 1 is a more restrictive cut of these
reserves and indicates that portion which would average 35
gallons per ton over a continuous interval of at least

30 feet.

3 These are resources which, although matching Classes 1 and
2 in richness, are more poorly defined and not as favorably
located. They may be considered potential resources and
would be exploitation targets at the exhaustion of Class 1
and Class 2 resources.

4 Class 4 resources are lower grade, poorly defined deposits
ranging down to 15 gallons per ton which, although not of
current commercial interest, represent a target in the event
that their recovery becomes feasible. These may be considered
speculative resources.

The richness of the Mahogany zone in the Piceance Basin allows a distinc-
tion between Class 1 and Class 2 resources. AS part of this appraisal, the
resources averaging 35 pallons per ton over 4 minimum 30-foot section were
determined from available assay data from Mahogany core tests. These are
termed Class 1 resources and are estimated at 34 billiom barrels. The remain-
ing estimated 83-billion-barrel Piceance Basin Mahogany resources are desig-
nated Class 2. In the Uinta Basin, 12 billion barrels of Class 2 resources
have been estimated.

b. Reserves

For the purpese of this report, reserves are the resources available for
processing after mining and as assayed by the Modified Fischer Assay method.

If it is assumed that essentially all the mineable resources will bhe re-
covered by underground mining, then providing for pillars, barriers between
mines and unforeseen contingencies reasonably leads to the conclusion that
an average of 60 percent of the resources will be recoverable and that this
quantity can therefore be classified as reserves. Reserves are calculated
for Class 1 through Class 3 resources only. Class 4 resources appear mainly
speculative and, at this time, do not merit consideration as reserves before
the year Z000. Both estimated resources and reserves (at 60-percent recovery
of resources) are summarized in Table XCIV.

Attention is called to the fact that only about 10 percent of the total
0il shale resources shown in Table XCIV are classified as reserves and that
only about 10 percent of these total reserves are currently considered
reasonably prospective before 1985. Of the 20 billion barrels in this
latter, Class 1 reserve category, it will be noted in the following section
that only the fraction situated on private lands is presently available for
development. Of these private lands, a substantial portion need land
exchanges with adjacent federal holdings to improve workable developments.
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Location

Piceance Basin

Colorado
Uinta Basin
Coleorado & Utah
Wyoming

TOTAL

TABLE XCIV

SUMMARY OF OIL SHALE RESQURCES AND RESERVES
GREEN RIVER FORMATION - COLORADQ, UTAH AND WYOMING
(Billions of Barrels)

Resources Reserves 8@ 60% Recovery
Class Class Class lass .lass iLlass Llass
1 3 G ] Total 1 s 3 Total
34 83 167 916 1,200 20 50 100 170
- 12 15 294 321 -- 7 9 16
o == 4 256 260 = i _2 _2
34 95 186 1,466 1,781 20 57 111 188




An estimate of the ownership division of the Class 1 and Class 2 reserves
is provided as follows:

Reserves at 60% Recovery
(Billions of Barrels)

Ownership Class 1 only Class 1 + Class 2
Private Lands 6 17
Federal Lands--Clear Title 7 37
Federal Lands--Clouded Title®* ] 20
Federal Lands--Naval Reserve F& _&
TOTAL 20 T

* FPederal lands with clouded title reflect only pre-1920
unpatented claims.

This shows that the main segments of reserves are located on federally owned
lands. It is clear, therefore, that the development of the largest amount of
the Nation's oil shale reserve awaits the issuance of a federal leasing policy
plus the resolution of title questions on significant parts of the federal
lands. Such a policy would serve to reduce some of the present uncertainties.
However, questions relating to process operability and project economics must
;153 be answered to the satisfaction of those who will make the investment
2C1510Nns.

MINING AND CRUSEING OIL SHALE WITH PRESENT-DAY TECHNGLOGY
1. Mining Methods and Limitationa

This initial appraisal has considered both underground and surface methods
of mining 6il shale in the Piceance Creek Basin of Colorado and the Uinta
Basin of Colorado and Utah. Though subject to continuing improvement, ade-
quate technology is available for mining the oil shale. However, the task
group projected that, under the conditions of this appraisal, only the higher
quality Class 1 resources would be developed. The most practical method for
recovery of these resources is by underground mining, using the room-and-
pillar method illustrated in Figure 19.

Since large reserves are available, underground mining is restricted in
this appraisal to a 30- to 90-foot thickness of shales containing 30 gallons
per ton or more of oil and which are situated in the Mahogany zone of the Para-
chute Creek member of the Green River Formation. It is also confined to that
portion of the Mahogany zone that is approximately 1,500 feet or less below
the surface.

Underground mining of such deposits permits the use of large equipment,
much of it similar or identical to that employed in surface mining. Mine
dimensions such as 50- to 60-foot room widths and 30- to 90-foot mining heights
will allow the use of multimachine drill jumbos, 15- to 20-cubic-yard capacity
or larger front-end loaders, and 100-ton capacity or larger trucks hauling to
a primary crusher.

Mine access by adit (side-hill horizontal entrance) within a producing
horizon is most likely at points where the shale horizon outcrops at the sur-
face, and tunneling from the outcrop can achieve lower ceosts than sinking a
shaft. In considering the topography of the higher quality shale lands pres-
ently available for development, it is anticipated that adit mines will be the
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first producers of o0il shale and probably will provide the bulk of production
during the early phases of the oil shale industry.

Previcus studies indicate that 65- to 70-percent recovery can be expected
from a room-and-pillar method of underground mining that considers an average
mining height of 60 feet (30 to 90 feet) and that is not overlain by more than
1,500 feet of overburden. Additional pillars, required along outcrops, between
mines, and to protect shaft or adit and plant locations and drainage systems,
may reduce overall recovery to about 60 percent. Moderate variations in per-
centage recovery will have only minor effects on mining cost.

2. Preparation of Shale for Retorting (Crushing and Soreening)

0il shale is not extremely hard and can be drilled and blasted efficiently,
but the abrasiveness and unusually high resiliency of the rock present special
difficulties for crushing and screening. Large primary crushers will be re-
guired to handle both the volume of material and the. large chunks inheremnt in
mine-run shale. Crushing of shale produces much dust, and any proposed o0il
shale crushing plant, either on the surface or underground, must include an
effective system of dust suppression.

The type of retort assumed for this initial appraisal requires feed
crushed to minus 0.5%-inch size, rather than Z- to 3-inch dimensions, as for
other types. The additional expense of crushing and screening to the finer
gize is included in the estimated cost for this study. The increased cost
is partially offset by complete utilization of the crushed product as well
as greater shale o0il recovery.

3. Capital and Operating Coste of Mining

Capital and operating costs were developed from previously published in-
formation with adjustments made to mid-year 1970. A production rate of about
23 million tons per year per mine was assumed. At this high rate, miner
variations in production will have little effect om unit costs.

For syncrude production at an assumed level of 100 MB/CD, two mines are
presumed to be utilized with each having a capacity of 62,400 tons per calen-
dar day or 23 million tons per vear. The resultant total capital requirements
for underground mining (utilizing an adit entrance), crushing the raw shale
to minus 0.5-inch size, and disposing of the shale residue are as follows:

Capital Costs
(Millions of %)

Initial Deferred
Operation Investment Investment
Mining 51.0 31.8
Crushing 21.0 1.6
Shale Residue Disposal 3.0 17 .6
TOTAL 75.0 51.0
Unit Investment Cost--
Dollars per Daily Ton of Capacity 601 409
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Included in the $51 million initial mining investment is §6.4 million
of preproduction mine development cost. This has been capitalized but might
instead be treated as an operating expense. Initial investment is presumed
to take place during the construction period of the project. Deferred
investment occurs throughout the first 18 years of the 20-year project life.
Unit investment costs have been calculated on the basis of tons of shale
mined per calendar day.

Annual operating costs--including labor, supplies, utilities and overhead,
but not including depreciation, interest and profit--are calculated to be:

Operating Costs

(Millions of § per Year)

Mining 17.8
Crushing 6.0
Shale Residue Disposal 4.4

TOTAL 28.2

This amounts to an estimated unit operating cost for the combined operations
of 62¢ per ton of shale mined.

RETORTING OIL SHALE TO PRODUCE CRUDE SHALE OIL
1. FReview of Retorting Froocesses

Technology for this phase of a shale oil operation is well along the way
to being developed, but varying processes are still under trial. In any case,
to convert the organic material in o0il shale inte oil and gas, generally the
shale is heated to about 200° F. The conversion efficiency may be related to
the Fischer assay by giving retorted oil yield as a percent of the assay oil
yield from a sample 0% the same shale.

In general, retorting heat requirements can readily be met by the
combustion of the coke-like residue on the spent shale, the recovery of heat
from the spent shale or ash, or the burning of retort gas. Approximately
600,000 to 800,000 BTU's are required to retort 1 ton of oil 5E31e. Since
this amount of heat must be transferred from hot gases or solids, the
heat transfer problem is relatively large.

Because of the importance of heat transfer in the retorting of oil shale,
the heat transfer technigques used by the different processes serve as & good
means of classification. Retorting processes that have been reviewed in
detail in the initial appraisal are grouped as follows:

Direct heating by hot gases from combustion within the
retorting vessel:

Bureau of Mines Gas Combustion
DEI Kiln (Development Enginearing Inc.)
Union 0il Company of Califormia Retort "A"

Heat transfer from an externally heated earrier flutd:

Camercn and Jones Vertical Kilm (Petrosix Process)
DEI Kiln (alternate method of operationm)
Union 0il Company of California Retort "B

Heat transfer from recycled hot sclids:

TOSCO Process (The 0il Shale Corp.)
Lurgi-Ruhrgas Process
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Published information regarding the maximum capacity of retorts operated
to date and their oil yield efficiencies is summarized below:

Maximum Size Efficiency
Name of Process (Tons/Day) Percent of Assay
Gas Combustion (B of M) 360 B2-87
Union Retort "AY 1,200 Not reported
Union Retort “B" (Bench-scale) 9z
TOSCO 1,000 106
Lurgi-Ruhrgas 16 100+

Data on operation of the DEI Kiln and the Cameron and Jones Vertical Kiln
as oil shale retorts are not yet available. Essentially, these are modifica-
tions of the Bureau of Mines Cas Combustion retort. Their efficiencies may be
considered at least as high as those given for other retorts of the same type.

2. Representative Produet Yielde and Froperties

The retorting method utilizing hot recycled solids has been selected for
this report as representative of a commercial operation.

A commercial yield of Cg-plus crude shale oil amounting to 100 velume per-
cent of Fischer assay is considered a good assumption for the present study.
Estimated properties of the crude shale oil are compared with those of the
syncrude on the next page.

§. Digposal of Solid Residue

The most immediate problem with respect to disposal of the shale residue
from a retorting operation is te find a place to put the material. Because
of increase inm bulk, the mine canmot accommodate all of the residue and at
least a significant porticon will have to be disposed of above ground., For
example, to produce 100 MB/CD of syncrude requires the daily disposal of resi-
due equivalent to about one foot in depth covering an area of 40 acres.

With respect to aboveground disposal, attention and study are being given
to development of a mechanically stable dump, prevention of major water flow
oT sSecpage thrnugh the solids, grﬂvantinn of excessive blowing of dust during
or after deposition of the solids and development of plant cover on the dump.

4. Capital and Operating Coste for Retorting

The following retorting capital and operating costs include recovery of
butanes and heavier hydrocarbens from the retort gas and pipelining of the
gas to the upgrading facilities for fuel and process use. The time basis is
mid=-year 1970.

The estimated capital cost for retorting, used in this report, is §1,420
per ton per calendar day of retort capacity. This cost includes a paid-up
process Toyalty.

Estimated operating costs (not including depreciation and income taxes)
are 324 per ton of shale retorted during the first 15 years and 404 per ton
during subsaguent years. The additional cost for later years provides for
increased maintenance.
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UFPGRADING CRUDE SHALE OIL TO SYNCRUDE

Shale oil from retorting (called crude shale 0il) has some unusual
characteristics but it is similar in many respects to conventionmal crude
oil. Upgrading is necessary because shale ¢il contains an unusually high
concentration of nitrogen compounds and these compounds deactivate catalysts
used in many petroleum refining processes, including catalytic cracking,
hydrntracking and reforming. The 0il also has high pour point and viscosity
which néed to be reduced to facilitate handling in pipelines. Crude shale
0il can be accepted for processing by conventional techniques, although the
hydrogenation severity is somewhat greater than normally required.

1. Desaription of the Froocess Flow Soheme

Figure 20 illustrates one scheme which has been shown to be readily
applicable to a typical crude shale o0il and which was selected for this
report. The crude shale oil is distilled inte separate streams of gas,
naphtha, light oil, heavy o0il and residuum. The residuum is subjected to
delayed coking, with production of coke, oil and pas.

The light oil plus naphtha and the heavy o0il streams are catalytically
hydrogenated in separate teactor systems. Naphtha and IiEht 0il produced
during hydrogenation of the heavy o0il are separated and charged to the light
0il hydrogenation unit for more complete nitrogen removal. Ammonia and
hydrogen sulfide are recovered and treated for sale as by-products. Hydregen
r:qgireg in the process is manufactured by steam reforming of the gas
produced,

2. Representative Froducts and Yieldes

Typical properties of the crude shale oil and syncrude are:

Crude Shale 0il Syncrude

Gravity, °API 28.0 46.2
Pour Point, °F 75 50
Sulfur, wt § 0.8 0.005
Nitrogen, wt % 1.7 0.035
RW, FE'i. bl a.ﬂ
Viscosity, SUS at 100°F 120 40
Analysis of Fractions

Butanes and Butenes, vol % 4.6 a.0
Cg-350°F Naphtha

Vol % 19.1 27.5

Gravity, "API 50.0 54.5

Sulfur, wt % 0.70 <0.0001

Hitrngen wt & D.75 D.0001
350-550°F D:stlllate

Vol % 17.3 41.0

Gravity, °API 31.0 38.3

Sulfur, wt % 0.80 0.0008

Hitrﬁg&n, wt § 1.35 0.0075
230-850°F Distillate

Vol % 33.0 22.5

Gravity, ®API 21.0 x3.1

Sulfur, wt % 0.80 <0.01

Nitrogen, wt % 1.90 D.12
B50°F-Plus Residue

Yol & i6.0 None

Gravity, “API 1.0 =

Sulfur, wt § 1.0 =

Nitrogen, wt % 2.4 ==
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Estimated o0il yields used in the present report are, respectively, 100 per-
cent of Cy-plus crude shale oil and 96 percent of Cy-plus syncrude, expressed
as volume percent of the oil produced from the raw shale by the Modified Fischer
Assay method. These yields are equivalent to 0.83 B crude oil or 0.80 B syn-
crude per ton of shale assaying 35 gallons per ton.

3. Capital and Operating Costa for Upgrading

Investment in upgrading facilities to produce 100 MB/CD of finished syn-
crude using the scheme shown in Figure 20 is estimated to total $193 million.
Process royalties and off-site costs are included.

Operating cost for these facilities is estimated to be 444 per barrel of

crude shale oil feed. This includes labor, power, maintenance, catalyst and
chemicals, property taxes and insurance, plant overhead and corporate over-

head. At the end of the depreciation period of 15 years the cost is estimated
to increase to 514 per barrel due to increased maintenance.

BY-PRODUCTS AND FUEL

The yield of by-products from producing 100 MB/CD of syncrude and their
assigned values are as follows:

By-product Yield Value
Anhydrous Ammonia 250 tons §30/ton
Sulfur 100 long tons $15/1ong ton
Green Coke 1,450 tons $4 /ton

Essentially, the gas produced is sufficient to supply plant fuel and hydro-
gen plant process feed. The total electric power for the project could be
generated from burning the green coke produced. Thus the net production of
energy from oil shale is all in the form of syncrude,
ECONOMICS OF SHALE OIL FPRODUCTION

1. Dippounted Cash-Flow Rate of Return

The discounted cash-flow rate of return method was used to obtain the
relationship of syncrude value to rate of return on the entire project. Bases
for the calculationz are az follows:

® J3S-year construction period

® 20-year operating period

& 3I-month startug period during the first year of operation, when no
product is credited

a 52.0-percent U.5. and state income tax rate
# 0.0-investment tax credit

o 15.0-percent depletion allowance, based on the value of the retort
products.
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2. Egtimation of Probable Range in Synerude Value

A commercial venture sized to produce 100 MB/CD of syncrude includes
two mines and two retorting plants, each having a capacity of 62,400 tons
per calendar day of oil shale. The combined 104 MB/CD of crude shale oil
would be upgraded in a single plant.

Variations in investment estimates were made to obtain a range of
syncrude values by undergruund adit mining of 35 gallon per ton shale. Four
cases studied are given below:

Case (Millions of Dollars)

A B C D
Total Investment 503 442 414 557
Working Capital 21 21 21 21
Total Capital $524 $463  $435 $578

Case A is the base case from which variations were made. It contains
a 25-percent contingency in the retorting and upgrading investment. Case B
investment was changed by reducing this contingency te 10 percent and by
making a proportionate reduction in mining capital. A further reduction in
mining capital was made in Case C by assuming significant technological
advances in mining and crushing, although there are no known projects which
make such advances likely. A 30-percent higher retorting capital cost was
used in Case D than in Case A because of potential problems regarding
onstream efficiency and removal of dust from the oil and gas.

A series of curves was derived which relates syncrude value to the dis-
counted cash-flow rate of return (see Figure 21). These curves indicate,
for example, that if a l15-percent return is assumed, the range in syncrude
value at the upgrading plant in Colorado would be $4.35 to $5.30 per barrel.
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Figure 21. Value of Syncrude from 35-Gallon/Ton 0il Shale.
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PEVELOFPMENT AND PRODUCTION SCHEEDULES

A tentative development schedule for production of syncrude from oil
shale has been worked out. It assumes that the value placed on the syncrude
is high enough to encourage private companies to engage in this operation.

The syncrude production schedule in Figure 22 shows the results of the
development schedule. All of this o0il would be produced in PAD District IV.

Projected production rates in both volume and heating value of syncrude are
as follows:

Trillions of

Years MBE/CD BTU's per Year
1978 through
mid-year 1981 100 197
Mid-year 1981
through 15983 200 394
1984-1985 400 TEB

With regard to the above tentative production schedule, particular atten-
tion is called to the note on Figure 22:

Assuming a favorable attitude regarding the environment and the
necessary community development to assure the necessary manpower
supply, this is the potential development rate with the number

of companies holding sufficient reserves and the capital require-
ment placed upon them.

Furthermore, under the conditioms assumed to prevail for the base case--
i.e., minimal changes from policles, practices and economic climate existing
at the beginning of the study period--only a token volume of syncrude from
vil shale is projected to be developed from private lands and only one 100
ME/CD plant is expected to be operating by 1985.
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Figure Z2. Production Schedule of Syncrude from
0il Shale--Initial Appraisal.
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Chapter Twelve

TAR SANDS TASK GROUP REPORT

ABSTRACT

Under the conditions assumed to prevall for the initial appraisal, it is
estimated that only a relatively small contribution to tetal energy needs will
be made from tar sands: probably half a millien to a million and a quarter B/D
by 1985, and this almost wholly from Canadian sources. Factors affecting this
projection are:

The largest known tar sands deposits are in Canada, Venezuela and (pos-
5ibly) Colombia. Eastern Hemisphere and United States deposits are much
smaller. Athabasca and other deposits in Alberta, Canada, are estimated
to contain 399 billion barrels of in-place bitumen subject to recovery,
which could yield 174 billion barrels of synthetic crude. The Alberta
sands will be the primary and probably the only source of commercial pro-
duction of tar sands oil for North American markets through 1885.

Recovery of bitumen by mining and hot water extraction of the Athabasca
sands is currently being practiced. Overall recoveries of about 70 per-
cent of in-place bitumen are possible with this methed, which is appli-
cable to sands covered by up to about 100 te 150 feet of overburden.

Recovery of bitumen via in gitu treatment of deep-lying deposits has
been studied by a number of companies, and further development work is
under way or planned. Overall recovery by in situ techniques will prob-
ably be in the range of 35 to 50 percent of in-place reserves.

Bitumen upgrading by hydrogenation is required to produce a suitable
synthetic crude. Net product yields are in the range of 80 to 90 per-
cent by volume, based on bitumen consumed.

As conventional oil becomes more expensive and more difficult to obtain,
exploitation of Canadian deposits will become progressively more attrac-
tive. The known reserves could theoretically support a very large rate
of production. However, for the next 15 years, tar sands output is pro-
jected to be limited by economic and technoleogical development considera-
tions to the following range:

1971 1975 1980 1985
Production (MB/CD) 45 E0-75 275-500 500-1,250
Mumber of Installations 1 1-2 i-4 4-10

For development to take place, it has been assumed that the total syn-
thetic crude production costs will, within the forecast period, be com-
petitive with the full costs of producing conventional crude of like
quality. Capital investment required fer either mining or im si*u pro-
duction is expected to be about $4,000 per daily barrel of capacity
(1970 dollars).
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¢ Government policies, particularly those of Canadian federal and
provincial governments, will have a major impact on development and
production costs, and hence on the timely availability of tar sands
0il as a significant component of United States energy supply.

SUMMARY OF TAR SANDS TASK GROUP REPORT

Tar sands, oil sands and bituminous sands all are terms used to describe
hydrocarbon-bearing d&ﬁuﬁits distinguished from more conventional oil and
gas reserveirs by the high viscosity of the hydrocarbon, which is not
recoverable in its natural state through a well by ordinary oil production
methods. HReserveir energy is typically non-existent or minimal, so that
for production to be initiated and sustained, some form of energy (heat,
Eluid pressure, mechanical work by mining machinery, etc.) must be applied.
Many such deposits are known, but only a few are likely to become of major
commercial interest to North America, and to the United States in particular,
in the next 15 to 30 years. Chief among these few are the Athabasca deposit
in northern Alberta, Canmada, and the Orinoco deposits in eastern Venezuela.

Athabasca bitumen is a naphthene-base, black material and contains rela-
tively large amounts of sulfur, nitrogen and metals. 1Its specific gravity is
in the range of 6° to 10®° API. The viscosity of the native bitumen varies
widely, but is on the order of 35,000 Saybutt Universal Seconds (SUS) at
100° F, 513 5US at 210° F. These properties make the material undesirable as
a feed to conventional oil refineries, and impossible to ship via pipeline to
important refining centers.

Accordingly, some pre-refining or "upgrading" of the bitumen must be
gracticed in the field to comvert it into the synthetic crude of commerce.
his upgrading is undertaken to increase the hydrogen/carbon ratio of the
bitumen by conserving the native hydrogen and removing some of the carbon
(as coke or heavy pitch). The carbon throw-off is then available as fuel
for the refining operation and to provide "reservoir energy" for production,
as mentioned before.

In the process of hydrogen-enrichment, the sulfur and nitrogen contents
are reduced to tolerable levels via hydrogenation and the metals exit with
the carbon residue, so the finished synthetic crude is of quite acceptable
quality and in some major respects is a superior feedstock for shipment
to refining.

This interim summary report will first describe the important known tar
sands deposits of the world, with emphasis on North and South American
reserves. Next, the nature and present status of production and extraction
techniques for mining and/or in gitu mining of the bitumen will be reviewed,
as will the upgrading schemes likely to be used. Very rough, order-cf-magni-
tude estimates of the cost of facilities to produce synthetic crude from tar
sands will be given. PFinally, an estimate will be made of the synthetic
crude production rates which could be attained by 1980 and 1585,

TAR SANDS RESERVES

Tar sands deposits are widely scattered, but those of sufficient size to
have a potential importance for U.S. energy supply are restricted to the
Western Hemisphere.

1. Canada

Large accumulations of potentially recoverable tar sands do exist in
Alberta, Canada. Although much is known about the Alberta deposits, the data
are still not totally conclusive as to the extent of the reserves. In the
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Athabasca-Wabasca and Bluesky-Gething deposits, 45.1 billion in-place barrels
occur beneath an overburden of 100 feet or less. The presence of 80 percent
of this quantity has been confirmed by actual drilling according to the Alber-
ta 0il and Gas Conservation Board (OGCB).* Moreover, a high recovery factor
can be justifiably attached to this quantity, resulting in the estimated re-
cuvgrr ﬂr surface mining and extraction of 27.0 billicon barrels of a synthetic
crude.

Some 590 billion barrels of bitumen have been estimated by the OGCE to lie
beneath overburden cover greater than 250 feet, but only 18 percent of this
quantity has been proved by actual drilling. This part of the total accumula-
tion will have to be recovered by in situ techniques, for the application of
which the reservoir must have certain characteristics not universally present
over the entire area. Thus, since only one-fifth to one-sixth of the estimated
reserve has been proved by drilling and since, for recovery, reserveir para-
meters must fall into an acceptable pattern, the task group estimates the bitu-
men-in-place that would be amenable to in sitw recovery should be lowered to
the more probable value of 300 billion barrels, from which 120 billion barrels
of a synthetic crude could be produced.

The amount of bitumen-in-place under an intermeédiate overburden of 100 to
250 feet has been estimated by OGCB at 75.5 billion barrels of which about 50
percent has been proved by drilling. Part of this will be recovered by mining
and part by in sifu techniques. Again, some discounting for the unproved acre-
BEE and for requirements of recovery technology seems appropriate; therefore,
the task group estimates the tar-in-place subject to recovery at 54 billion
barrels, %ru- which 27 billion barrels of synthetic crude could be produced.

In summary, task group estimates of the extent of the Alberta tar sands re-
serves are as given below. These are, as noted, lower than the estimates given
by the OGCB report, but are still very large reserves.

Tar-In-Place
Subject to Estimated Potential
Overburden Recovery Recoverable Synthetic Crude¥®

[(Feet) (Billion Bbl) [Fercent) (Billion Bbl)
0-100 45 72 27
100-250 54 60 Z7
230 300 48 120
TOTAL 399 174

®* At 1.2 bbl bitumen per bbl of synthetic crude.

Another potentially major source of heavy hydrocarbons in Canada is the
Cold Lake area about 125 miles northeast of Edmonton, along the Alberta-Sas-
katchewan border. The Alberta OGCB has considered these deposits to be oil
sands, although the hydrocarbon found there is intermediate in properties be-
tween the bitumen of the Athabasca deposits to the northwest and the heavy
Lloydminster crudes found in Saskatchewan to the southeast of Cold Lake. The
Lower Cretaceous Age deposits are covered with 900 to 1,600 feet of overbur-
den., These deposits cover about 2,900 square miles, and they contain an esti-
mated 75 billion barrels of bitumen. Contiguous lands (Saskatchewan to the
east, a federal military reservation to the north) probably overlie extensions
of the Cold Lake formations, but no estimates of their potential are available.

*Alberta 0il and Gas Conservation Board, "A Description and Reserve Estimate
of the 0il Sands of Alberta" (Calgary, 1963).
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Cold Lake hydrocarbon is generally of 10" to 12° API, with 3- to 4-percent
sulfur content by weight. Reported viscosities have varied widelﬂ from 4,000
to 100,000 Centipoise at 100° F. Some material is lighter than this "norm,"
ranging to 14.5" API and 250 ¢p at 100° F.

Conventional production techniques have not been successful in the Cold
Lake area. A number of experimental projects using thermal (fire or steam-
flood) or other means of stimulation Eave been carried out, and some further
field test work is under way or planned. However, none are now operating to
the task group's knowledge.

As with tar sands proper, the existence of a major hydrocarbon deposit at
Cold Lake is beyond doubt, but its availability at a competitive price to the
U.5. energy market is very uncertain.

&. Venesuela

The Venezuelan Orincco Tar Belt deposit has not been adequately drilled
to define its limits and contents in great detail. However, the estimate of
the tar-in-place on the order of 600 billion barrels seems to be a most
probable value. No significant part of this accumulation is amenable to
recovery by mining operations. On the other hand, im situ recovery is mnot
limited to the low-recovery thermal scaking operations introduced many years
ago in the heavy oil pools of Venezuela and in California. The application
of thermal drive techniques would be expected to increase the estimated
recovery of tar, but the extent to which this may be accomplished is unknown.

3. Colombia

The deposits in the Llancs area of Colombia have not been well defined,
but available information suggests the possible presence of almost a trillion
barrels of bitumen-in-place.

In summary, the potential production of aynthetie erude oil from tar sands
in the Weetern Hemisphere outeide the United Statee could eventually be on the
prder of 200 billion barprals from the Canadian deposits, and thie total could
well be inoreased matertally by validation of the reported accumulations in
Colombia and by more precise definition of the Venezuelan potential.

4, United States

While relatively extensive literature exists as to the occurrences of tar
sands deposits in areas other than Canada and Venezuela, little of it is
sufficiently detailed to provide the type of data needed for comprehensive
resource-reserve analysis. The tar sands resources of the United States and
of the world have been reviewed in several relatively recent studies. The
Ford, Bacon § Davis estimate of 0.711 billion barrels of strippable reserves,
though it was made in 1951-1952, was cited in 1964 as still the latest

ublished figure with a claim to accuracy.® Included in the total were reserves
in the tertiary, secondary and primary categories combined. Using the unveri-
fied reserve figures available in the literature, as of 1964, Ball Associates

*The Synthetic Liquid Puel Potential of the United States, prepared by Ford,
Bacon & Davis (a series of volumes published between 1951-1952 and distributed
by the U.S. Bureau of Mines, Washington, D.C.).
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reported that the recoverable reserves of oil in surface and near-surface petro-
leum-impregnated rocks in the United States equalled a minimum of 2.495 billien
barrels and a maximum of 5.483 billion barrels.*®

These reserves were considered “recoverable'™ because they were reported to
be at relatively shallow depths, and were based almost entirely on occurrences
in Kentucky, California and Utah, which were the largest and best known of the
United States deposits.

For purposes of this review, the most recent significant work on tar sands
deposits outside of Canada and Venezuela has been the work by Ritzma and asso-
clates of the Utah Geological and Mineralogical Survey.t These investigations
have resulted in upward revision of resource estimates for Utah to the point
where five "giant"” deposits were recognized (deposits with more than 0.5 billion
barrels of gross oil-in-place). In total, these contain estimated resources
totaling 17.7 to 27.6 billion barrels (see Table XCV).

TABLE XCV
GIANT TAR SANDS DEPOSITS IN THE UNITED STATES

Satura- Resources

Overburden tion In-Place

Extent Thickness Thickness Percent (Billions

Location (Utah) [sg.mi.) [feet) {feat) by Weight of Ebls.]
Tar Sand Triangle 200-230 few=300+ 0-2,000+ 10.0-18.1
P. R. Spring 215-250 3- 715 0- 250 a7 3.7- 4.0
Sunnyside 20- 25 10-550 0- GO0 g 2.0- 3.0
Circle Cliffs 18 foaw-310 0-1,800 1.0- 1.3
Asphalt Ridge 20~ 25 =135 0- 500 11 1.0- 1.2
17.7-27.6

Source: P. H. Phizackerley and L. 0. Scott, "Major Tar Sand Deposits of
the World," Seventh World Petroleum Congress, Procesdings, Vol. III,

Dtillin ﬁg?d Production (Essex, Emgland, Elsevier Publishing Company,
Lzd., 1 g

*Ball Associates, Ltd., comp., "Surface and Shallow 0il-Impregnated Rocks and
Shallow 0il Fields in the United States,” U.5. Bureau of Mines Monograph 12
(Oklahoma City, Okla., Interstate 0il Compact Commission, 1965).

tHoward R, Ritzma, comp., "Preliminary Location Map, QOil-Impregnated Rock
Deposits of Utah,™ Map No. 15, Utah Geclegteal and Mineralegieal Survey (Salt
Lake City, Utah, Utah Geclugical and Mineralogical Survey, April 1968); "0il-
Impregnated Sandstone Deposits of Utah--A Progress Report," presented

December 9, 1969, by Howard R. Ritzma, Utah Geological and Mineralogical Sur-
vey to general session of Interstate 0il Compact Commission; U.S5., Congress,
Senate, Committee on Interior § Insular Affairs, Tar Sanda: Hearings on §5.581
and 5.582, 91st Cong., Ind sess., 13 July 1970, "Statement of Howard Ritzma of
the Utah Geological Survey," pp. 40-45,
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In addition to these giant deposits, the follewing smaller Utah deposits were
cited by Ritzma in 1970 as being perhaps large enough or so favorably situated
as to offer commercial possibilities for extraction of oil:

Area Smaller Utah Deposits
(Millions of Bbl.)

Hill Creek 300-400
Lake Fork 15- Z0
Raven Ridge 100-125
Rimrock i0D- 35
Whiterocks 65-125

TOTAL 510-705

Deposits of less than 500 million barrels of oil-in-place (such as those in
Utah, the Edna deposit and others in California, and the Kentucky deposits)

may become commercial in the future owing to favorable local factors or to
changes in technology or economics. It is unlikely, however, that such depos-
its will significantly affect the total U.S5. energy EUEply between now and
1985, or even to the year 2000. For the purposes of this review, therefore,
only the giant deposits (deposits with in-place reserves of 0.5 billion barrels
or more) will be considered.

Knowledge concerning giant tar sands deposits outside of Canada and Vene-
tuela is limited. The deposits may be better reported as tar sands “resources"
rather than "reserves," inasmuch as there has been no significant production te
date from them, and no reliable estimates have been made as to recoverable
amounts. Some of these deposits have been quarried locally for rock asphalt
over many years or subjected to various research experiments, but no signifi-
cant amount of o0il or gas has been produced. The only known exception to this
is the production of gasoline, coke and other products from gilsonite, a solid
vein-type hydrocarbon, mined in eastern Utah and transported by a 72-mile
slurry pipeline to a refinery in Fruita, Colorado. Even if gilsonite is in-
cluded with "tar sands," it is not a major consideration in that the original
gilsonite reserves in Utah have been estimated at only about 45 million tons.

Although the giant Utah deposits are the most likely to be exploited among
all known ﬁcpasits in the United States, several problems may delay significant
production even in this area:

# The Tar Sand Triangle and Circle Cliffs giant deposits are largely on
federal lands. Leasing of federal lands for "asphaltic minerals" or
tar sands has been delayed pending legislation.

¢ Proposals for national parks, national monuments, desert wilderness
areas and recreation areas cover most of the Circle Cliffs and Tar
Sand Triangle giant deposits and could result in surface uses incompat-
ible with mineral resource development.

e Water supply may constitute a serious handicap to exploitation of Utah
deposits.

# Tar sands and oil shale are sup&rilPused in the P. R. Spring giant de-
posit, which may present legal difficulties.

e Most Utah deposits according to Ritima are not susceptible to mining,
but more likely will be developed by in situ methods.
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In view of these problems, large-scale commercial development of the Utah giant
deposits is not likely to occur before 1985. Some of the Utah deposits could
be developed, however, in the 1985-2000 interval. Continuing interest in the
area is evidenced by the fact that at least 10 companies have maintained land
holdings or have conducted experimental work in the region.

5. Other Areas

Other than the Canadian and Venezuelan resources already described,
Phizackerley amd Scott identified only the 1.75-billion-barrel Bemolanga depos-
it in Malagasy as having in-place reserves of over one billion barrels.* The
Malagasy deposit is not being worked and, in any event, is much smaller and
more remote than the prime reserves in the Western Hemisphere.

In 1967, prior to the start of production from the Athabasca tar sands in
Canada, only four deposits were being exploited. These are listed below with
estimates of thelir in-place reserves:

Estimated Reserves In-Place
{(Millions of Bbl.)

La Brea, Trimidad 60
Selenizza, Albania 371
Derna, Rumania 25
Cheildag, U.S.S.R. 24

Wone of these deposits have sufficient in-place reserves, based on our pres-
ent information, to include them in the "giant" class. No production figures
were available for the Derna and Cheildag deposits, according to Phizackerley
and Scott.t Total production for the La Brea deposit in the peried 1961
through 1964 was given as less than 200,000 long tons per year, while export
figures for the Selenizza deposit showed less than 28,000 long tons per year
during the period 1961-1963. The task group concludes that Eastern Hemisphere
sources will be of no importance to future United States energy supplies.

In summary, based on present knowledge, only five glant tar sands deposits
in Utah (Table XCV) aEp&ar likely to enter into and affect the United States
energy supply along with the important Canadian and Venezuelan tar sands de-
posits. However, the Utah deposits are judged as unlikely to have an important
effect in the period to 1985.

EXPLOITATION TECRNIQUES

Conversion of in-place bitumen to a synthetic crude, refinery charge stock
is being approached along two paths. One involves mining the tar sands and
extracting the bitumen on the surface; the other concept depends on stimulation
of the formations so that bitumen will flow underground to wells from which it
can be pumped to the surface. Both methods result in a supply of bitumen as
feedstock to an uyfrading {(hydrogen-enrichment) operation more or less akin to
conventional refining techniques, wherein the synthetic crude is produced.

*P. H. Phizackerley and L. 0. Scott, "Major Tar Sand Deposits of the World,"
Seventh World Petroleum Congress, Preoceedinge, Vol. III, Drilling and Pro-
duction (Essex, England, Elsevier Publishing Company, Ltd., 1967).

tPhizackerley and Scott, p. 571.
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1. Mining

The mining-extraction route is most applicable to the shallow deposits (up
to 100 or 150 feet of overburden). Because the bitumen content of average sand
is normally less than about 12 percent by weight, an immense tonnage of sand
and overburden must be moved, using strip mining methods, to support an econom-
ically large, synthetic crude output. On a unit basis, the ratio is about 2.4
tons of sand and 1.0 ton of overburden, more or less, per barrel of synthetic
crude. Local variations in overburden ratio and/or tar sands ﬂuality over a
given lease area can result in condemnation, on economic grounds, but always
respecting good conservation practices, of significant portions of a lease.
Thus, an overall average utilization of total tar sands in a mining leasehold
might be on the order of 75 percent.

Many methods have been proposed for recovering oil from mined tar sands,
0f these, only the hot water extraction process is in commercial operation so
far, being used by Great Canadian 0il Sands, Ltd. (GCOS). The proposed Syn-
crude Canada, Ltd. (Symcrude), installation will also use a hot-water method.
Extraction (recovery) efficiency is on the order of 90 percent, more or less,
for this process. A generalized flow diagram is shown in Figure 23.

&. In Situ Recovery

In gitu methods of recovery of deep-lving tar sands are not so well devel-
oped, and none has been brought to commercial-scale use. The two methods most
thoroughly researched and tested in the field involwve (1) injecting steam plus
an emulsifying agent (e.g., caustic soda, as used in a Shell 0il trial) into
the deposit and %E] using thermal-recovery or "fire-flooding" techniques, as
experimented with by Amoco (Canada) and others., For either method to succeed,
communication must be established down-hole in the formation between the in-
jection wells and the production wells. Field tests have determined that this
can be achieved. Overall reccverﬁ of in-place bitumen via either in aitu
technique is estimated to be on the order of 35 te 50 percent, distinctly lower
than the corresponding value for mining extraction.

3. Upgrading

As stated earlier, upgrading of bitumen to synthetic crude suitable for
shipment to refining-marketing centers for manufacture into finished products
invelves hydrogen-enrichment of the bitumen by some means. Also, for a fuel-
balanced coperation, necessary in the remote locale of major tar sands deposits,
sufficient bitumen or components thereof must be set aside as fuel for the
operation, and for production of hydrogen. These requirements result in a syn-
tﬁetic crude product/bitumen volume ratio of from about 0,78 (GCOS, via coking
and hydrogenation of coker distillates) to 0.87 (Syncrude, via hydrovisbreaking
plus hydrogenation of visbreaker distillates). Presumably s situ bitumen
would be upgraded in about the same ratio to make a similar synthetic crude.
Properties of a typical synthetic crude are given as follows:

API Gravity 32°-34°
Viscosity SUS at 77° F 43
Pour Point °F +5
Reid Vapor Pressure (Debutanized) PSI 2
ASTM* EEi Point °F 500
ASTM* End Point °F 1,000
Percentage of Sulfur by Weight 0.3
Percentage of Nitrogen by Weight 0.07

* ASTM = American Society for Testing Materials.
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POTENTIAL FPRODUCTION FROM TAR SANDS

To sum UE' tar sands reserves of potential interest as a major source of
energy for the United States exist certainly in Alberta and probably in Vene-
zuela and Colombia. Techniques for exploiting these reserves are under devel-
opment, and in one company, GCOS, commercial production has begun.

What are the prospects for increased production over the next 15 vears?
We will focus on the Athabasca-Cold Lake areas, since these are closest to
the United States; are in a contiguous, friendly, stable country; and have
been the most thoroughly studied.

The rate of initiation and expansion of tar sands production will be gov-
erned in the long run by economics. Tar sands oil is now more expensive than
conventional production, but as (and if) the latter becomes scarcer in Nerth
fAmerica and less reliable and/or more costly from overseas sources, a point
could be reached where exploitation of tar sands will become competitive. At
that time=--which the task group believes will likely be after 1980--and assum-
ing that technological progress has continued in the 1970's, especially in re-
gard to in situ methods, tar sands oil output could be expanded as rapidly as
capital could be made available. For the next 10 years, however, the task
ﬁruup sees economic and technological factors and, possibly, construction in-

ustry saturation as limiting tar sands oil output to those Ercjectﬁ currently
under way or announced, plus some currently less well-defined projects in the
talking stages. Post-1980, if economics are right, yearly expansion at an
average rate of perhaps 100 ME/D might be sypported, leading to about 1 MMB/D
capability in 1985. The range of values is shown to indicate somewhat the de-
gree of uncertainty judged to be inherent in these estimates at present.

TABLE XCWI
ESTIMATED PRODUCTION OF TAR SANDS OIL
(ME/D)
Installation 1371 1875 1980 1985
Initiation: Pre-1980
GCOS (M)* 45 50 50 50 Capacity of Original
Syncrude (M) == -e 125 150 Installations Plus
Shell (Mor It == = 100 150 Mominal Expansion
Others (M or I == 15 100 150 Over Time.
Initiation: Pese-1980 = == -- 500
TOTAL 45 65 575 1,000
Likely Range E0-75 275-500 S00-1,250
Number of Installations 1 1-2 5-4 4-10
*  MeMining.
t I=In Situ.
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Lead times are an important consideration in estimating near-term produc-
tion possibilities. Mining ventures will require 4 to 7 years from inception
to reach full production. The first major im situ ventures, tequiring more
process development testing, will require 5 to 10 years. Field construction
labor supply and vendors' shop capacity are also possible limits to very rapid
expansion of output. Community facilities need te be built, alse, to house
and serve workers and their families. It seems unlikely that development could
be possible at a rate much faster than that shown through 1980.

CAPITAL INVESTMENT AND OPERATING COSTS

The task group's judgment is that facilities to produce synthetic crude
from Athabasca tar sands via either the in eitu or the mining method will cost
on the order of $4,000 per daily barrel (1970 dollars), for a nominal 100 MB/CD
installation. This amount will pay for:

¢ Production machinery and equipment

¢ General plant facilities (site ﬁreparntiun, roads, dikes, buildings,
shops, offices, etc.) "inside-the-fence"

& Utilities generation and distribution equipment

& Working capital (spare parts, inventories of cils and other stocks,
ready cash, etc.)

¢ Land, lease rights, etc. (generally these are small costs relative to
the total).

Not included are pipelines or other transportation facilities, access roads
and other public works, community facilities and housing for personnel, and
the cost of the extensive process development and engineering studies neces-
sary for "first ventures" but not for subsequent similar installations.

Operating costs are more difficult to generalize. Ranges of capital-
related costs can be estimated from the $4,000 per B/D investment value, but
other operating costs would wvary widely, since they are directly related to
the type of process employed. Mining ventures, for example, must pay for ex-
cavating, transperting and depositing some 3.5 tons of earth per barrel of oil,
which cost will be avoided by im si{tu ventures. These, in their turn, have
costs of on-going well drilling and equipping operations to sustain production.

In addition, Canadian govermnment policies with respect to such items as
ollution abatement, taxes and royalties will affect tﬁe costs of operations

in Canada and, consequently, the capability for growth. For example, a royalty
must be paid to Alberta in the case of the Athabasca-Cold Lake material; but
the pattern for the basis and amount of this charge is not yet fixed.

The task group's projections of the cutput of synerude from tar sands as-
sumes that the total costs, including return on investment from synthetic crude,
will, within the forecast period, be in a range which is competitive with crude
oil of like quality at the upgrading plant.
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Chapter Thirteen

MEW ENERGY FORMS TASK GROUP REPORT

ABSTRACT

Hydropower and any new forms or sources of energy that might be developed
are of interest and significance in the light of rising energy needs and the
problem of meeting them with fossil fuels and nuclear power. This is true no
mattey how small their current or immediate contribution.

As of January 1, 1971, hydropower supplied about 16 percent (249 billion
KWH) of the energy requirements for electric power generation. Conventional
hydroelectric energy had been so extensively developed in the United States,
however, that few Eesirable unused sites remained. Thus, although growth of
conventional hydroelectric generation is expected to continue in the period
1971-1985, that growth is projected to average only about 1.6 percent per year.
Even so, it would have to include small sites, generally of less than 200 mega-
watt (MW) capacity. As a consequence, it is estimated that only about 7 per-
cent (316 billion KWH) of total electric power will be supplied by hydro-
electric generation in 1985. Although pumped storage hydropower capacity is
expected to increase rapidly during this period, such hydropower does mnot
represent primary energy.

Several potential new energy forms have been examined for the initial
appraisal. Tﬁesc include geothermal energy, energy from agriculture, solar
energy, tidal energr and such energy conversion devices or systems as fuel
cells, thermionic devices, total energy systems and magnetohydrodynamics (MHD).
Several of these may become increasingly important beyond 1985, depending gen-
erally on progress made in technical development before that time. For some
of the new energy forms to attain their full potential, extensive research is
necessary, and the magnitude of this research effort in the period 1971-1985
will directly affect the speed with which their potential can be realized.
Prior to 1985, however, the amounts of primary energy they are likely to pro-
vide and the impact they are likely to ﬁavu on the use of fossil and nuclear
fuels are expected to be relatively small in the overall domestic energy pic-
ture,

In the western portion of the United States, the development of geothermal
energy appears prnmiEing for the 1971-1985 period. A capacity of 82 MW has
been available since 1970. Projections of planned development in California
and in Nevada lead to am estimate that 7,000 MW of installed capacity may be
achieved by 1985 in PAD District V. If desalinization proves feasible in the
Salton Sea area and if heat exchangers are developed so that lower-temperature
hot-water systems can be produced economically, installed capacity could be as
high as 19,000 MW by 1985. However, this would still represent only 2 percent
of the total U.S5. electric generating capacity at that time.

SUMMARY OF NEW ENERGY FORMS TASK GROUP REPORTS

HYDROELECTRIC ENERGY

Most of the usable sites for significant development of hydroelectric
energy in the United States have already been utilized. Some growth will occur
from 1971 through 1985 but will probably average only about 1.6 percent annual-
ly. Thus, hydroelectric energy will not maintain its share of electric power
generation in this period.
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Except for a few large new sites ranging from 500 to 2,500 MW, the
planned developments for 1971-1985 will include mostly small sites of less
than 200-MW capacity. If the planned additions occur during the 15-year
pericd, 316 billion EKEWH will be generated by hydroelectric means in 1985,
compared with 249 billion in 1970. It is estimated that hydroelectric power
will then contribute about 7 percent of the electric energy, compared with
16 percent in 1971.

Most of the expansion of hydrcelectric power will cccur in the western
areas of the United States--about 84 percent of it inm PAD Districts IV and V
(see Tables XCVII and XCVIII). An increase of only 10 billion KEWH can be
expected to be contributed by hydroelectric FAD Districts I, II and III. This
amount of energy is approximately equivalent to 2,000-MW capacity of either
fossil or nuclear plants. Thus, the available hydroelectric energy will
barely affect requirements for coal, ¢il, gas and nuclear power east of
the Mississippi.

An important trend has been occurring in recent years toward the design
of hydroelectric plants for peak load operation. Increased this way, capacity
can be built into existing sites and emergy can be supplied in larger blocks--
albeit over a shorter period of time. Of course, the total amount of energy
does not significantly change. As evidence of this trend, a good many future
hydroelectric plants will operate at an annual average capacity of 20 to 25
percent, and average operating factors for newly installed capacity in the
1971-1985 period will be about 33 percent. This contrasts with the average
operating factor of about 55 percent for the United States in 1970. There is
also a trend toward rating the capacity of new, undeveloped sites at a higher
level than was formerly the custom. Undeveloped capacity, therefore, does
not relate directly to undevelcoped or available energy.

If planned expansions occur, about 60 percent of the potential hydro-
electric energy in the United States will be harnessed by 1985. MNecessarily,
the undeveloped potential will be mostly widely scattered small sites in the
50- to 150-MW range that may never be developed for economic reasons. Other
factors may limit the development of some new sites. Some laws have been
passed and more proposals made at the federal level to preserve rivers in
their natural wild state. In addition, the states are removing sites from
the inventory of the total potential by additional legislative action.

A developing trend in the United States is the use of pumped-storage
hydroelectric power. Pumped storage is not a primary energy source and
should not be counted as such. However, about 40 billion KWH is expected to
be generated with pumped storage in 1985. Pumped storage is most complemen-
tary to nuclear energy and is expected to be mostly confined to nuclear
plants. If pumped storage is used with coal-fired plants, the thermal
efficiency of the overall generating complex is lowered by a slight amount.

TABLE XCVII

CONVENTIONAL HYDROELECTRIC POWER GENERATION
BY PAD DISTRICT
(Billions of KWH)

PAD Districts
Year I I1 I11 IV L Total
1970 44.2 30.1 10.8 19.0 144.9 249
1975 46.0 30.1 12.5 25.0 157.4 271
1980 48.5 29.3 15.0 31.3 171.9 206
1985 0.0 0.0 15.5 8.0 182.5 3lo
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TABLE XCVIII

EMERGY FROM HYDROELECTRIC SQURCES BY PAD DISTRICT
(Trillion BTU's)

PAD Distri
Year ji 11 I1I IV v Total
1970 475 524 116 204 1,558 2,677
1875 482 315 131 262 1,650 2,840
1980 497 300 154 321 1,761 3,033
1985 4494 296 153 375 1,800 3,118

Were it assumed, however, that mine-mouth coal plants would be used for 25 per-
cent of the pumped storage in 1985, only an additional Z million tons of coal
would be required for that year, hardly a significant amount.

GEOTHERMAL ERERGY

The develepment of geothermal energy in Western United States appears
promising for the 1971-1985 period. Commercial development of the Geysers
Field, California, began in 1960 and a capacity of 82 MW existed in 1970.
Planned expansion by one operator is expected to increase to about 600 MW by
1975. In estimating the amount of geothermal power expected to be developed
through 1985, it was assumed that tﬁe recently passed federal law permitting
leasing of federal lands will stimulate exploration in areas of favorable geo-
logical indications of steam. Projections were made on the flanned develop-
ment of the Geysers Field as well as presently sub-commercial fields in Cali-
fornia and Nevada. Accordingly, it is estimated that 7,000 MW will exist by
1985 (Table XCIX), an increase by a factor of nearly 100 in 15 years.

All of this will be in California and Nevada and available in PAD District
V. Total generating capacity in California and Nevada should grow to 75,000 to
90,000 MW by 1985. Accordingly, in those two states geothermal steam should
account for about 9 percent of the total generating capacity in 1985. Since
geothermal steam will have a high load factor, it should contribute about 11
percent of the generated electrical snergy.

The cost of developing geothermal production is estimated to be 0.525¢4 per
KWH at the present time (see Table C, p. 186). Information for arriving at
this figure was taken from experience at the Geysers Field, California. A load
factor of 85 percent was used, representing a compromise between 1970 produc-
tion figures and the load factors predicted for the future. Costs can be
broken down to 2.66 mills for steam costs delivered to the plant, 0.45 mills
for operating costs and 2,14 mills for capital costs. It was assumed that the
cost of gautﬁermal power will be cheaper than that derived from fossil-fuel
steam plants and that it will be developed faster than nuclear steam plants at
roughly the same costs per KWH.

For every vapor-dominated geothermal system discovered, it has been esti-
mated there will be 20 hot-water systems found. Since no hot-water system
fields are yet in production in the United States, we have no cost data for
comparison to the Geysers. Experiments with dual-fluids heat-exchanging tech-
niques now being conducted near Reno, Mevada, give promise that lower tempera-
ture hot-water systems can be produced economically.

If heat exchangers are developed, additional prospects will be attractive

for exploration. The availability of suitable heat-exchange techniques is re-
flected in the estimates of additional capacity. For example, the installed
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TABLE XCIX

ESTIMATED GEOTHERMAL STEAM GENERATING CAPACITY

FOR PAD DISTRICT V
(MW}

Cost (¢/KWH) 1970 1975 1980 1985
0.525 82 1,500 4,500 7,000
0.575 -- -- 4,000 7,000
0.625 -- -- 2,000 5,000
TOTAL 82 1,500 10,500 19,000

TABLE C

EQUIVALENT ENERGY FROM GEQOTHERMAL SOURCES*
(BTU x 1015)

Cost (¢/KWH) 1970 1975 1980 1985
0.525 0.0066 0.117 0.343 0.514
0.575 -- -- 0.305 0.514
0.625 - - 0.153 0.367

TOTAL 0.0066 0.117 0.801 1.395

* Based on an B5-percent operating factor.

capacity could be estimated to be as high as 19,000 MW by 1985 (Table XCIX),
based on such development. The increase in power cost from 5.25 mills to 6.25
mills [Table C) for more complex equipment is speculative, however.

Most of the exploratory drilling conducted to date has beenm in areas of
high heat gradient and near-boiling hot springs. Only a small number of such
areas have been tested so far, however, although all the states of the United
States lying west of the Continental Divide (encompassing California, ﬂregun,
Washington, Idaho, Nevada, Arizona, New Mexicec and parts of Montana, Wyoming
and Colorado) are potentially good hunting grounds. Good surface indications
of volcanic activity, high heat gradiemt and numerous hot springs, such as are
found throughout the western part of the United States, suggest that there are
many prospective sites that may eventually be capable of steam and/or hot water
production. The recently enacted Federal Geothermal Leasing Act would make
available millions of acres of promising land for prospecting. There has been
a corresponding increased interest in obtaining leases and in conducting
explorations.

In estimating the amount of geothermal energy available in 1980 and 1985,
the task group has assumed that only a small portion of the potential prospects
will prove to be commercially productive. Scarcity of population and lack of a
market in protions of the western states will discourage exploration in areas
that otherwise would be good prospects.
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Fresent indications are that exploration will be conducted for the most
part by private industry, inﬂludin% public utilities and oil exploration com-
anies, as well as companies specifically organized for the exploration and
evelopment of geothermal power. The Federal Government's Bureau of Reclama-
tion has been active in financing R&D for the Imperial Valley. If desaliniza-
tion proves feasible in the Salton Sea area, power development may proceed
faster than has been indicated from 1980 to 1985.

For appraising the longer range prospect of geothermal energy, not only
localized Eydruthernal systems should be considered, but also the deep sedi-
mentary basins that contain large masses of water. The prospective amount of
heat in such waters of U.5. sedimentary basins is considerable, and the total
amount of energy that may be recovered from such sources may well surpass the
heat to be derived from combustion of the oil and gas in those basins.

Several uncertainties exist, however, with respect te current estimates
about the possible size of the resources. The magnitude of the in si{tu heat
reserve depends mainly on such factors as the temperature at depth, the por-
osity of tﬁe sedimentary section, the section thickness and the lateral extent
of the permeable sediments. How much of this heat can be recovered hinges on
such factors as permeability, lateral continuity, size of hydraulically con-
nected water masses, sub-surface water pressure and the effectiveness of
flashing as a means to lift the thermal waters. Knowledge of the above-
mentioned factors is limited for the deep parts of the sedimentary basins.
Exploration efforts in these areas will be a function of the above-mentioned
uncertainties, the large resource potential and the prospective economics,

It seems possible that the uncertainties could be resolved, at least for
some sedimentary basins, before 1985, If resolved favorably, then geothermal
energy could attain, in the United States, a greater role in supplving elec-
tric energy and heat than is indicated in this report.

ENERGY FROM AGRICULTURE

The efficiency of U.S5. agriculture has advanced s¢ fast that for several
decades crop production, except in times of international conflicts, has ex-
ceeded demand., Average farm production has increased about 80 percent in the
last three decades, largely owing to better vielding seeds and greatly improved
"know-how." Thus, to meet our crops needs, we plant fewer acres and require
fewer farmers.

Agriculture provides the major current source of renewable energy. For-
ests, cultivated crops and pasture land may be used repeatedly under proper
management. Agriculture production is, however, subject to weather, diseases
and other natural conditions which cannot yet be completely controlled. Never-
theless, average production in excess of priority requirements for domestic
food, feed and fibers is believed possible to 1985 and beyond, barring natural
disasters or national emergencies. The production of cereal grains and their
conversion through fermentation to usable ethyl alcohol fuel; the collection
and use of such residues as straws, corncobs, hulls and shells for fuels; the
growing of crops for fuel energy; and the conversion of animal by-products into
fuels are all possibilities.

Agricultural fuels would normally be more expensive than such traditional
fuels as coal, gas, 0il and waterpower. Increasing U.5. needs for energy,
requirements for pollution abatement and many other economic factors could,
however, materially change the future role of agriculture as a source of indus-
trial energy.

0f the approximately 2,260 million acres of U.S. land available, about
Z5 percent is classified as forest and woodland and about the same proportion
as land suitable for cultivation. Most of our woodland will probably be re-
quired to meet the predicted demands for the lumber, pulp and paper industries,
and thus will offer only minor possibilities for contributing to additional
U.5. industrial energy suEplies. On an average, however, only about 60 percent
of the potentially available cultivated land is now farmed for crops. Yields
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of cereal grains on these lands have, on an average, increased about 3 percent
annually for the past decade. This increase has exceeded the U.S. population
growth, even though the amount of cultivated land has decreased. Thus, unused
acres constitute a potential source of energy for the foreseeable future.

A logical sequence of energy conversions is to use this land to produce
cereal grains, which are largelK carbohydrate, and then to convert these grains
by fermentation into ethyl alcochel, which is a convenient combustible fuel
readily usable in motors. If we assume that the 100 million acres, or about
one-half of the acres not now required, are used to produce the grain fer
alcohol at a yield of 70 bushels per acre, this would be equivalent to about
18 billien gallens of alcohel, or over 20 percent by volume of the B6 billion
gallons of motor fuel consumed in the United States in 1970. Since ethyl
aleohol contains only 65 percent of the energy content of gasoline, on a
gallon basis, the actual energy replacement would be only 14 percent.

The cost of this ethyl alcohol from fermentation would be many times
higher than the cost of present motor fuel. Even so, this tremendous energy
potential must be considered in any assessment of future energy Sources.
Additional advantages may accrue from energy produced within the United States
owing to the favorable impact on balance u% payments.,

The quantity of collectible agricultural residues in the United States
amounts to over 130 million tons annually. The heat equivalent of this amount
would be on the order of 2,000 trillion BTU's. These agricultural residues
with all their potential energy could not now compete economically with such
traditional fuels as coal or oil. The growing of crops specifically as an
energy source is also a possibility. The production of synthesis gas (carbom
monoxide and hydrogen) from agricultural residues or from crops grown specifi-
cally for energy is also a possibility. Synthetic liquids or pipeline gas can
be made from synthesis gas with partly known technology. Additional research
and development work would be required for the gasification of agricultural
material.

Although the total potential energy from agricultural residues is large,
it is doubtful that, because of economics, these sources can have a significant
effect on the U.S. energy picture by 1985,

SOLAR ENERGY

Agriculture represents a special case of indirect soclar energy conversion.
Other possibilities exist for the direct and indirect use of solar energy.
However, as long as fossil fuels remain abundant worldwide, even at substan-
tially higher prices, the utilization of solar energy will be confined to small
experimental installations and unique situations.

Because it is so diffuse and intermittent when it reaches the earth, solar
energy can be put to no foreseeable large-scale use over the next 15 years,
even with appreciable improvements in technology.

The large area over which solar energy must be collected and the cost of
the collection and conversion equipment prevent the widespread use of such
devices as solar evaporators, solar desalinators, solar heaters, solar
cookers, solar furnaces, solar cells, solar houses, etc. Another factor which
discourages the use of solar energy is that fossil fuels are available to do
the same job night and day without cloud interference.

The silicon cell, developed about 15 years ago, has proved to be a
reliable means for direct conversion of solar radiation to electricity for
applications in outer space. The ganeratiﬂn of significant amounts of power,
however, requires the connection of extremely large numbers of cells. The high
capital cost of silicon cell arrays results in power costs on the order of
§2.00 to $5.00 per KWH. Thus, the cost is azbout 1,000 times that of
conventional power SOources.
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Based on current research levels on solar energy cells, mo breakthrough
is anticipated before 1985. The time when this ultimate source of energy will
have to be used to supplement the dwindling supplies of other sources remains
indefinite but could ge as soon as the year I000. When this time comes, solar
energy will have to be used not only to produce power and heat but also, with
the aid of chemistry and other resources, to produce the fuels and lubricants
for mobile equipment, as well as rubber, plastics and other essential petro-
chemicals. Such conversion can be achieved with the aid of the hydrogenation
of carbon monoxide, but attainment of this goal will require several years of
sophisticated research and development.

A greater recognition by government of the ultimate need for solar energy
could occur in the next 15 years. If the use of solar energy utilization is
ever to achieve any prominence in the United States, it would appear that its
development must be supported by government just as atomic energy was.

PIDAL ERERGY

The major problem with tidal energy is that only a small potential exists
for the United States. A second major problem is the high capital costs of
development .

A tidal range (distance between high and low water) of about 18 feet
exists at Passamaquoddy Bay on the coast of Maine. Otherwise, the tidal
range of 2 to & feet on the U.S. coast is too low even to be considered.

Extensive engineering and advanced planning of a tidal energy plant on
Passamaquoddy have occurred over the years. The total energy from the
Passamaquoddy Bay area would correspond to about 2 billion KWH per year. As
the energy demands of the Northeast have grown, the significance of this
amount a% energy has lessened. Estimates of capital costs have ranged as high
as §1 billion.

A larger potential of tidal energy exists at the Canadian Bay of Fundy.
This area has also been extensively studied for a number of years. Three
sites on the Bay of Fundy have been estimated to have a potential of about
13 billion KWH per year. In 1969 the Canadian government concluded, however,
that development was not economical. Postponement of additional engineering
studies was recommended until such time as interest rates and the aveilability
of alternate energy sources declined.

Some possibility exists that the Canadian government will develop a
portion of the Bay of Fundy before 1985. Some of this power could become
available to the New England region of the United States. On the assumption
that a maximum of 10 billion KWH of tidal power will be available by 1985,
this could account for about 7 percent of the electrical energy required by
the New England region. While the renewable nature of tidal energy is a
definite advantage, the total amount of energy is relatively low.

ENERGY CONVERSION DEVICES
1. Puel Cellas

Much government and private funding supported fuel cell RED from the
middle 1955'5 through the middle 1960's. Then both government and private
interest waned rapidly in the late 1960's, owing to persistent technical
problems. Only one fuel cell operating on a practical commercial fuel has yet
advanced beyond the laboratory state. Low-temperature cells using noble metal
catalysts and pure hydrogen and oxygen fuels were developed, however, and
produced for space use.
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Intermediate-temperature molten salt electrolyte cells and high-tempera-
ture solid electrolyte cells are no longer under major development programs.
Two major U.S. programs remain active, both in. laboratory stages, using low
temperatures and noble metal catalysts and seeking other catalysts. One uses
methanol as fuel and is aimed first at off-the-road vehicles. Because it
could capture only a fraction of this market, which in any case now accounts
for less than 1 percent of all vehicular fuel use, the impact would be
insignificant even if this program should be successful before 1985. The
other program, ugin% natural gas, aims shortly to install some sixty 12.5-KW
prototype reformer-fuel cell packages on test in various services. However,
this approach appears to face future problems of gas scarcity and competitive
costs. Moreover, its overall efficiencies are only 35 to 45 percent (because
of lesses in reforming the fuel) and thus are little better than those of
competitive energy supplies. As a result, this second program is not expected
to affect fuel demand significantly, even if successful.

Capital costs of both of these types of fuel cells will be no less than
those of conventional generating plants. Intermediate- and high-temperature
fuel cells have neither efficiency nor investment advantages over prospective
magnetohydrodynamic-topped or thermionic-topped fossil-fueled or nuclear
generating stations.

Barring a breakthrough in direct use of hydrocarbons without reforming
or in cost of pure fuels such as hydrogen, methanol or hydrazine, fuel cells
are not likely to have any significant effect on the U.S. fuel economy.

Z. Thermionic Devices

Thermionic conversion of heat to electricity is in the early stages of
development, no practical device having emerged from the laboratory and only
conceptual integration into practical systems having been performed.
Development is faced with difficult materials problems, related to operating
Eamparatures above 3,000° F and, in isotope-fueled devices, to radiation

amage.

Efficiencies of thermionic diodes are theoretically limited to 35 to 40
percent, but the best realized efficiencies are below 20 percent, at operating
temperatures near 3,000° F. Laboratory system efficiencies do not now exceed
10 percent. This limits the prospective large-scale use of thermionic power
genecration to topping of conventional fossil-fueled or nuclear generating
stations. Although probable capital costs per KW for the thermionic systems
in such use are higher than those of conventional stations, increased fuel
efficiency could make them economically attractive.

Only wery limited government or private funding is now being applied to
thermionic davelugmunt, and it is not expected that large-scale commercial
use will be possible--even assuming that materials problems will be conquered--
before 1985.

4. Total Energy Systems

Total energy systems are defined as prime movers driving electrical
generators with heat recovery to meet all energy needs in residential,
commercial, institutional and small industrial establishments. Their
economic appeal rests on high system fuel efficiency (up to about 70 per-
cent) and low energy costs of selected fuels versus network electricity.
Matural gas and diesel engines and natural gas turbines are the usual prime
movers. The number of total energy installations in the United States enjoyed
a rapid growth rate, from near zero in 1960 to several hundred in the late
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1960's, promoted chiefly by natural gas utility companies. The growth rate in
the late 1970's may be augmented by the ready availabilit{ of compact gas
turbines, built for use in heavy trucks, in sizes up to about 500 horsepower.

A probable U.5. limit of about 14,000 total energy plants is projected,
averaging about 2,000 KW electrical capacity in place in 1985. The effects
would be a reduction of 170 trillion BTU's per year or less in fuel use by
electrical utilities, and an increase of 58 trillion BTU's per year or less
in use of natural gas and diesel fuel in the residential, commercial,
institutional and industrial sectors.

Because of the increasingly less favorable economics expected beyond 1975
for natural gas and the marginal rate of return on investment of many current
installations, it is not expected that the proportion of total energy installa-
tions teo total U.5. building construction will increase after 1975.

4. Magnetohydrodynamice (MHD)

The potential impact of MHD on ocur energy requirements is a function of
its promise of achieving higher thermal efficiency, with the result that less
primary energy would be required for electric power generation. In addition,
the higher efectrtcal conductivity of combustion FTDEUCtS from coal has
offered the promise of a simple conversion device which is ideal for our most
abundant fossil fuel.

Much R&D work on MHD was sponsored by private industry and government in
the period 1955-18965. The work then tapered off after 1965 to the point where
only one relatively modest U.5. effort on practical power generation remained
in gperation in 1871.

Many major technical and engineering problems remain before MHD can
emerge as a practical and reliable power device. Major problems include
combustion and Easificatiun, the development of high-temperature preheaters,
recovery of seed, development of long-life MHD channels and electrodes,
corrosion prevention and means to cope with high nitric oxide levels.

Combustion products from fuels such as petroleum distillates and natural
gas give low electrical conductivity in MHD ducts. The thermal efficiency of
MHD-topped plants with petroleum fuels is significantly lower than with ceal
or coal-gas as a fuel, While efficiency can be improved by increased tempera-
ture and larger magnet size, even greater problems can be created. Improvements
in the combined Brayton-Rankine cycle, which are likely to occur before 1985,
offer serious competition for MHD. For this reason the electrical equipment,
utility and equipment industries today show only limited interest in MHD
conversion.

It appears that the MHD concept can first emérge as a peaking Or emergency
power plant with distillate or residual fuels. With adequate funding, a large
prototype peaking plant might be available by 15978.

For MHD to be applicable to base load plants fired by coal, a long-term
and costly program extending beyond 1982 seems likely. Even if sufficient
funding occurs, some probability exists that engineering problems will not be
solved in a way that will be practically or economically acceptable. While
competitive and lower capital costs have been projected for MHD-topped steam
plants, reliable economics must await the demonstration of MHD on a large-scale
for long duration. Base load MHD-topped plants fired by coal are far from
successful development. Since peaking plants have only a small effect on our
total energy requirements, no significant effect from MHD seems likely
before 1985.
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Abbreviations



ABBREVIATIONS USED IN THIS REPORT

ABBREVIATION DEFINITION
AAT average annual increase (percent)
AAPG American Association of Petroleum Geologists
AEC Atomic Energy Commission (also USAEC)
AGA American Gas Association
AGR advanced gas-cooled reactor
API American Petroleum Institute
ASTM American Society for Testing Materials
B barrel(s)
bbl barrel(s)
B/CD* barrel(s) per calendar day
BCF billion cubic feet
B/D#* barrel(s) per day
BF British Petroleum Company
BTU (BTU's) British thermal unit(s)

Petroleum Froducts Conversion Factors
{Bureau of Mines)

Natural gasoline BTU/barrel 4,620,000
Liquefied gases ~e 4,011,000
Jet fuel, naphtha-type " 5,355,000
Jet fuel, kerosine-type o 5,670,000
Gasoline (including aviation) " 5,248,000
Special naphtha i 5,248,000
Kerosine " 5,670,000
Distillate (including diesel) " 5,825,000
Residual fuel oil . b,287,000
Still gas " 6,000,000
Lubricants i B,065,000
Waxes n 5,537,000
Fetroleum coke 4 G024 ,000
Asphalt and road oil e 6,636,000

CF cubic feet

cp centipoise

DEI Development Engineering, Inc.

DWT deadweight ton

ENEA European Nuclear Energy Agency

*No distinction is made between per day and per calendar day.
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EP end point

FPC Federal Power Commission

FRC Future Requirements Committee/Council
GCOS Great Canadian 0il Sands, Ltd.

GDP gaseous diffusion plants

HRI Hydrocarbon Research, Inc.

IAEA International Atomic Energy Agency
IPAA Independent Petroleum Association of America
KW kilowatt

KWH kilowatt hour(s)

LNG liquefied natural gas

LPG liquefied petroleum gas

LWR light water reactor

MB/fCD#* thousand barrels per calendar day
ME/D#* thousand barrels per day

MMB/D million barrels per day

MCF thousand cubic feet

MICE/D million cubic feet per day

MHD magnetohydrodynamic

MPCD thousand pounds per day

MT SWU metric ton(s) separative work unit

MW megawatt(s)

MWe MW/electricity

NGL natural gas liquids )
NICB National Industrial Conference Board
NFPC National Petreoleum Council

OGCE 0il and Gas Conservation Board

OIP gil-in-place

OoIP original oil-in-place

OPEC Organization of Petroleum Exporting Countries
PAD Petroleum Administration for Defense

#No distinction is made between per day and per calendar day.
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PSIA
Pu
R&D
R/P
RVF

SUS
TCF
TOSCO
Uz3s
Us0g
UFg
USEM
VLCC

pounds per square inch absolute
plutonium

research and development

reserve to production ratio

Reid vapor pressure

Sulfur

Saybolt Universal Seconds

trillion cubic feet

The 0il Shale Corporation

isotope of uranium used as nuclear fuel
uranium oxide

chemical state of uranium for enrichment in Usxzg
U.5. Bureau of Mines

vary large crude carrier
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