
FKDZRAL POM3 COMMUSSION
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Nay 10, 1972 -

Nx atrRogers ; ~ ~ g~ ZDiretorsr.o Divisi~on of "Rdiologi~cal

and ,vlormenutal Protection
U. S. Atomic ftergy Commission
Washingtou, D. C. 20545 ..-

Dear, Ift Rogers s,

This Is In response to your letter of April 14. 1972, reque*ting
com.sune on the Draft Detailed Statement on the Eavixromeital
Considerationa Related to the Proposed Issuanca of an Operating'
License to the Consolidated Edison Compin.y of am York for Mte
Indian Point Unit no. 2 VuoJ4eer Generating. Plant, dated April 13, 1972.

The 3ederal Power Comad sim's Bureau of Pover.has previously
omo ted on the need for the Indian Point Unit No. 2 uclAar genseratins
plant In Its letter dated Daceube 22, 1971. These comentss vere
inaluded in a Bare"= of Paver staff report made 1n. response to AEC's
letter dated Decembfr 7, 1971, requ•el:ng casments on the Conso.•lcatad
Edison Company's application for interim authorization to operate the
Indian Point Unit No. 2 at S0 percant of full prolwr.

It is noted that the beasi data included In the capalty-deman- ..
reserve margin ewvluation made by the VC Bureau of Power staff in its
December 1971 report Is that used li Table X-1 of your Apr1l 13,
1972 Draft Detailed Statement; therefore, the following *omtenu wLIZ
update those made in ou .Decamber 22, 1971 letter.

The FPC Bureau of Power staff completed an analysis of the 1972
sumr load-poner supply setuation for the contiguous United States on
April 17, 1972. As of thet date, based on .aailable data-from the
AEC, it appeared that the Indian Point Unit 2 udght be able to.achisve
a significant level of pover somtIme i.n the sumer, but would not
be commercially available on May 31, 1972, our cut-off date for
detemination of firm sumer resources.

The Company reported its expected JuAe 1, 1972 power resources to
IM 9,293 msgawatts (8,3•23apenoanie generating capacity plus 0,•,
me8wAvts fiLr purchases) ad its estimated sumaer peak demand to be
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Mfr. Lester Rose"

8,400 megawatts. Mhe vasulting reserve zargin is 893 megawatts, at
10.6 percent. This margin is less than the size of its larest
anit, and only 45 percent of.the nedLan 1,977 megawatte of forced
outages and deiatIg the. Company experienced at the time of the
weekly peaks for a fiftee week. 1921. jemmr period. Uhe Company
expects to I.prove, Its positiom vwih the Installstion of 174
megawatts of barge mounted gas turbines In Junend a Uk. amount
in July, but it also plans to.xetive 243 megawatts of old toasJs.a Ue
capaclty in July which, It. carried out, would have an .offsetting effect.
TMe Company Is also contiouin&.lts. efforts 9? I:ncreasel:Us fLm ,
purchases lfoe the parLd'.d

o"r the New York Power RoU2, including the Consolidated Edison
Company, the situation Is only slightly better. As of June 1, 1972,
the Pool!s resources are projectedA to be 22,,474 megavatts with a "
eastlmted peak demand of 19,51O megawatts- resulting in a reserve.
margin of 2,964 megawatts or 133.2 'percent. For the**Pol*, a median of
3,056 megawatts of forced outages and deratinge at time of weeky
peak was experienced for the 1971 .fiften sak sumuer period.

Tn. the light og the foregoig$ and even though the IndLla Point
No. 2 nuclear unit vas notr 6oisidered as fim capacity In the _ .
sumer load, forecast'# the staf•f of the Bureau of 1Poer, concludes
that all reasonable efforts sboul4 continue to bring I•his unit o to
service at the earliest possible date. .7he need ftat added capacity
to safegeard against the contingencies of for.ed outages, as well:

Rim

,-

m
i.•. PS &MOU UWVKL~UDLA.")U.Y OJ AnUL.5 ~UUU

Pmro , Is self evident.
*LUY5&MMMV .UznanUUr

Very truly yours,

thef I urea of Pone
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PURCHASED THROUGH Z5
DOC. J_ 9ROJECT FOREWORD

Following a series of problems affecting bulk power supply for the] Z
New York City area in the summer of 1969, the staff of the Federal Power
Commission's Bureau of Power undertook a comprehensive review of the
circumstances which had led to the conditions then existing and examined
in detail the Consolidated Edison Company's plans for expanding its power
supply facilities to meet projected demands for electric power in the

.- .oip.any's service area for the 10-year period ending in 1979.

A Bureau of.Power staff report was published in December 1969 and
distributed to members of the Congress, State and Federal agencies, New
York City officials, andothers having an interest in the power supply
problems and plans affecting the NewYork City area. The report, which
was also publicly available through the Commission's Office of Public
Information, analyzed both the existing and future load-supply situations
on the Consolidated Edison Company system; discussed the Company's operat-
ing policies, emergency plans, and maintenance practices; reviewed internal
and external transmission capacities and interconnection capabilities as
they related to the Consolidated Edison Company and its need for supple-
mental power; presented the history of events leading to the 1969 power
shortages and reviewed problems related to plant sites and transmission
line rights-of-way in terms of the future requirements of the Company and
its interconnected systems; and made recommendations for enhancing the
reliability of the bulk power supply of the New York metropolitan area.

Throughout the period since the 1969 report was issued, the staff
has monitored the New York situation, and has periodically reviewed with
the Company its modifications in future system expansion plans and projected
means of meeting expected load requirements for the 10-year periods of the
future. The staff has also obtained information on all of the major events
affecting the New York area power supply, including equipment failures,
shortages of capacity which necessitated voltage reductions or other
measures for meeting peak loads, and service interruptions of sufficient
severity to cause significant public notice.

Several relatively lengthy power interruptions affecting parts of
the Consolidated Edison Company's service area in July and voltage reduc-
tions in July and August 1972 have led to considerable public concern and
have prompted many questions about the reasons for the failures and

measures to reduce the likelihood of other such failures in the future.
These failures affected the distribution system of Consolidated Edison
and not the bulk power supply, but many questions concerning them have
been addressed to the Federal Power Commission by members of Congress and
others. Although the failures have not been related in any way to shortages
of bulk power supply, the staff has prepared the following report in an
effort not only to present factual information about the particular
failures but to update the information presented in 1969 and give a
current picture of the present outlook for the New York area bulk powe
supply throughout the next 10- to 20-year period. The Federal Power

Li



.. Commission does not have jurisdiction over local power supply matters
such as those involved in the July and August-distribution system outages

.. which affected sections of Brooklyn and Queens and smaller parts of some
other Boroughs, but. Consolidated Edison Company representatives have
cooperated in discussing these problems with staff members and providing
information concerning them.

The 1969 report pointed out unique characteristics of the Consoli-
dated Edison service area, including both geographic features and load
patterns, together with discussions of how these and other characteristics
affect electric power requirements and services in the area. The descrip-
tive-information of this nature is not repeated in the current report, but
the related comments and observations made in the earlier report are still
applicable.
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1972 Summer Load Situation
on the Consolidated Edison System

During the early spring of 1972, the staff of the Federal Power
Commission's Bureau of Power analyzed the scheduled system capabilities
and the projected peak loads for the summer of 1972 in each of the six
National Power Survey regions. On April 21, the Commission issued a
news release and the staff's report which summarized the anticipated
conditions in each of the regions. The release also included informa-
tion which indicated conditions pertaining to particular utility systems
or groups of systems within each of the regions.

Information available at the time of the above report showed an
expected total system capability for the Consolidated Edison Company,
including purchased power under firm contract, of about 9,300 megawatts.
This compared with a forecast 1972 summer peak load of 8,400 megawatts,
or a reserve margin of a little less than 11 percent.

Since June 1, Consolidated Edison has been able to meet its peak demand
for power throughout the summer without any curtailment actions due to bulk
power limitations except for voltage reductions of three or five percent for
periods of about four hours or less on three different days between July 12
and 20, and for 2 hours and 35 minutes on August 24 and for approximately
5 hours on August 25. The New York Power Pool and the New England Electric
Exchange systems were participants in the August 25 voltage reduction. On
one occasion voltage was reduced when heavy power flows on the west to east
transmission circuits through New York State made it prudent to reduce
system demands slightly to safeguard against possible threats to continuity
of service in case there should be a loss of import capability through
trouble on the external transmission network. On four occasions, voltage
was reduced in order to provide a more safe reserve capacity, margin during
peak load periods.

There have been a few changes in Consolidated Edison's power supply
conditions for the summer since the Commission's April report but the power
outages which have attracted widespread attention both in New York and
elsewhere have been the result of distribution system failures and not
inadequacies of the bulk power facilities supplying. the New York City area.

During the July heat wave, Consolidated Edison's load peaked at 7,872
megawatts on July 19 with a reserve margin of .301 megawatts or 3.8 percent
of the peak. Although operating reserves on other occasions have been even
lower, power supply has been sufficient to meet the demand.:

Subsequent to our April report, Con Ed was successful in obtaining
for additional firm purchases of 300 megawatts from Ontario Hydro and 150
megawatts from the Power Authority of the State of New York. During the
most critical part of July, Con Ed received over 1,600 megawatts from outside
sources at times. Availability of the Branchburg-Ramapo-Millwood 500/345 kV

[.
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connection helped to make this possible. The Company is no longer using
any sales promotion programs, and it attributes some reduction in peak
demands to its Save-A-Watt program, a public appeals and customer educa-
tion campaign to reduce non-essential use of electricity, and thus reduce
the impact on the environment.

July 1972 Distribution System Problems

Early July was a period of unusually heavy rainfall in the New York
City area, and the weather during the days which followed may have been
more different to an average season than would be realized without an
examination of the particular conditions which prevailed. Information
supplied by the Company indicated that during the 15 days from July 11
through 25, the cooling/degree/days were greater than for any other 1S-day
period since 1938. Prior to that, the record was 25 days in 1908. Thus,
it can be seen that conditions experienced this year represent more
stringent requirements for the power system than are to be expected for
most years.

The lengthy outages which affected parts of Brooklyn and Queens were
the results of sequential failures of a number of 27-kV underground cables
in the distribution networks supplying these areas. Cables may fail for
many reasons but often the trouble starts from tiny holes in the cable
sheaths which permit the entrance of moisture. This leads to a hot spot
in the cable insulation which becomes more serious as heat, due to higher
losses, increases under heavy loading conditions and leads to eventual
failure. It is usually impossible to detect incipient trouble of this type
until an actual failure has occurred. Loss of one cable in a parallel
group proportionately increases the loading on the remaining circuits, thus
increasing the stresses on them and the chances for their failure if any
defects are present. In general, the Con Ed network is designed to with-
stand the simultaneous outage of any two feeder cables of the total number
supplying a single network section without producing hazardous overloads on
the remaining ones.

During the period of July 17-25, the Federal Power Commission received
from Con Ed reports of 15 separate incidents of underground failures with
customer interruptions ranging in duration from a minimum of almost two hours
to a maximum of nearly 47 hours. Included in these were the extensive
outages in the Bay Ridge area of Brooklyn and the Richmond Hill area of
Brooklyn and Queens involving failures of both underground cables and some
network transformers. Since these instances attracted much public atten-
tion, they are discussed in more detail in the following section of the
report.
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Bay Ridge and Richmond Hill Interruptions

On Sunday, July 16, all ten of the feeder cables which supply the
Bay Ridge area were in service and there were no indications of the
troubles which were to develop rapidly and disrupt service to this
thickly populated section of. Brooklyn. The area occupies relatively
low-lying lands generally along and a few blocks east of the Upper. New
York Bay and as far south as the Narrows Bridge. By Monday morning,
July 17, three of the ten 27-kV distribution cables supplying the area
had failed, and this was the condition at the beginning of the high load
period on that day. Subsequent failures reduced the number.of cables
still in service to four by about 9:45 p.m., at which time these were
taken out of service to prevent further damage from overload and a further
prolonging of the time which would be required to effect the necessary
repairs to restore service to the affected area. The total number of
customers affected by the interruption is not known precisely, but the
Company estimates that it was approximately 100,000. Power was off in
the Bay Ridge area from approximately 9:45 p.m. on July 17 until about
11:04 a.m. on July 18 (13 hours and 19 minutes).

The widespread interruption in the Richmond Hill area occurred in
much the same manner in that sequential failures of seven cables reduced
the remaining cable capacity to a value which required removal from service
with consequent interruption of electric service to the entire area until
repairs could be made to return the system to serviceable condition. The
Company estimated that approximately 95,000 customers were interrupted in
the Richmond Hill area. Power in that area was off from about 10:27 a.m.
on July 24 until about 5:45 a.m. on July 25 (19 hours and 18 minutes).

Kennedy International Airport is adjacent to the interrupted area of
Richmond Hill and is served from the same 27-kV area supply system, but
service was not interrupted there because it is supplied from cables
dedicated to that specific service and these remained in operation
throughout the entire period.

Problems in Restoration of Service

The normal repair time for 27-kV distribution cable failures is about
two days. As mentioned earlier, it is usually impossible to identify
incipient cable failures until an electrical fault has occurred.. It then
becomes necessary to employ tracer current techniques to determine the
approximate location of the fault with reference to the manholes which
provide entry to the damaged section terminal points. Once this is done,
it is often necessary to obtain police aid to remove cars that are parked
over manhole covers. In Brooklyn, if gas is detected in the manholes, the
Company must get in touch with Brooklyn Union to clear the manholes of the
presence of gas.

In addition to the above hindrances, repair crews are frequently
hampered in their efforts to expedite restoration of service for a number
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of other reasons. The secondary cable feeders associated with the network
system are generally protected by current limiters, fuse-like devices,
which blow and require time-consuming testing procedures in underground
vaults. Where cables show signs of physical damage, or electrical failure,
they are replaced. This requires their removal and replacement with new
sections and attendant splicing. Where possible, the Company has been
replacing faulted cable lengths with new types, employing cross-linked
polyethylene insulation, which are more resistant to moisture than the
earlier oil-impregnated paper-insulated types. The service record of
these newer types of cables has been good, and they have-been used for
most of the replacements since about 1968. All of the cable failures in
the Bay Ridge and Richmond Hill incidents described above were of the older
oil-filled paper-insulated types and none involved the newer polyethylene
designs. About 10 percent of Con Ed's primary underground distribution
cable is now composed of the polyethylene type.

Working conditions in some instances further delay restoration of
service beyond the times which otherwise would be required to actually
perform the repair work. In high crime areas, the Company reports that
repair crews have been subject to physical violence, thereby prolonging
the time required for return of service to affected areas.

Conclusions Regarding Distribution System Problems

The New York City metropolitan area has the most extensive under-
ground electric power distribution network in the world. It employs
primary feeders which supply a total of some 48 secondary networks, each
serving from 100 to 300 megawatts of load. Overall, the network system
consists of some 8,000 miles of primary feeder circuits and over 70,000
miles of secondary circuits.

Correction and improvement of the underground system, where needed,
should have a high priority. The task could be a very formidable one,
however, when the vast extent of the total underground system is con-
sidered. Certainly any extensive modifications would entail long periods
of time and large expenditures of money. Difficulties in obtaining sites
for additional substation facilities create a major obstacle to splitting
the distribution networks into smaller segments even if this should be
found to be an otherwise desirable solution to some of the network problems.
We understand that the Company has three outside consultants studying the
problem in an effort to make an overall appraisal of the situation. Special
investigations are also being made by the City of New York and the State
Public Service Commission.)

Review of Consolidated Edison's Bulk Power Program
and Twenty-Year Expansion Plans

At the time of our 1969 review of Consolidated Edison's Ten-Year
Expansion Plan, there were already indications of trouble in meeting
schedules for some of the planned new facilities, but there have been a

I)
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few slippages in schedules far beyond those envisioned at that time.
Perhaps the most notable has been the continued delay in the 873-megawatt
Indian Point No. 2 Nuclear Unit which was originally scheduled for 1969
and which has suffered several unexpected problems such as the fire which
damaged cables and other equipment in the primary auxiliary building in
November 1971, a prior accident involving the collapse of a crane inside
the reactor vessel, and other delays that still have prevented the unit
from becoming available for service. The new interconnection to PJM.via
the Branchburg-Ramapo 500-kV line and thence to Millwood which was originally
planned for service in 1968 was finally completed early in 1972 and, as noted
earlier, has been of significant help this summer in importing supplemental
power into the New York City area. Construction is still unstarted on the
Cornwall Pumped Storage Project, and various. obstacles have been encountered
in other areas of the future New York power supply. Con Ed has this year
converted its last coal-burning unit for oil firing, and work is in progress
on the new unit being added at the Astoria Plant. A very large part of the
new capacity which has become available for meeting Con Ed's loads within
the last three years is in the form of gas turbines, much of which is mounted
on barges and connected to the system at peripheral points around the shore-
line. Two 174-megawatt gas turbine barges, located at the Narrows Generating
Station in Brooklyn, were placed in service in late May and early June 1972,
over a month in advance of their previously scheduled initial service dates.
Almost one-fourth of the Company's total generating capacity is now vested
in gas turbine units. These and other situations are discussed in the
following sections of this report.

Power Sources for the Future

Although it represents only a relatively small improvement, perhaps
the most immediate prospect for an increase in the bulk power supply
capability for the New York City area rests in the completion of the new
345-kV submarine cable circuit from Public Service Electric & Gas Company's
Hudson Station to Con Edison's Farragut Station. This connection is
virtually complete and is expected to be ready for service by year end
as soon as a phase-angle regulator, damaged during construction and returned
for factory repair, is received and reassembled for operation.

The next most imminent improvement appears to be the Indian Point
No. 2 Nuclear Unit. Reactor fuel had been loaded earlier but had to be
removed when rod drop tests did not yield satisfactory performance, and
the control rods had to be removed and burnished to alleviate the difficulty.
Continuing problems currently seem to preclude significant electrical output
before early 1973.

After Indian Point No. 2, the planned capacity additions represent
•somewhat longer term cons iderations-0Eon-Ed-a-s for the last-!severadl

years released relatively detailed information on its expansion plans,
first for periods of 10 years into the future, and more recently, for
periods of 20 years. The tabulation which follows delineates the expan-
sion program as planned and envisioned by the Company's System Planning
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Department at the end of December 1971. Naturally, there are changes in
plans as time proceeds over such a planning period, and there have already
been a number of developments which reflect themselves as changes in the
Company's long-range plans for meeting future power supply requirements.
These are discussed in the following paragraphs in terms of the basic

D plan presented in the December 1971 tabulation of future expansion.

The Bowline Point oil-fired Unit No. 1, being constructed jointly
by Con Ed and Orange and Rockland Utilities at Haverstraw, New York, is
nearing completion and has been in the early stages of operational testing
since July 25. It had been hoped that this unit might be in service by
July but that schedule was not met. Con Ed's share of the 600 megawatts
of capacity is 400 megawatts but it has also contracted to purchase Orange
and Rockland's 200-megawatt share through April 1973.

Two 600-megawatt, oil-fired units, jointly owned by Con Ed, Niagara
Mohawk, and Central Hudson, are under construction at Roseton, near

D Newburgh, New York. Initially, Con Ed is entitled to a 40 percent share of
each of these units. The first is scheduled for completion in the fall of
1972 and the second in the spring of 1973. Some changes in ownership of
these units is contemplated in later years, but Con Ed will have long-term
ownership rights to a portion of the plant output.

£ The December 1971 schedule showed the addition of 44 megawatts of gas

turbine capacity at Kennedy Airport prior to the summer of 1973 and another
44 megawatts by the summer of 1974. The Company reports that difficulties
in obtaining necessary clearances for these installations make it relatively
clear that these expected additions will not be available by the summer
of 1974.

The new 800-megawatt, oil-fired unit, under construction at Astoria
Station, is. scheduled for initial service in the spring of 1974.

The 965-megawatt Indian Point No. 3 Nuclear Unit is presently..
scheduled for completion in the fall of 1974.

Bowline Point No. 2 unit is scheduled for commercial operation in
the spring of 1975, and Con Ed will be entitled to 400 megawatts of the
600-megawatt total capacity. This unit is jointly owned with Orange and
Rockland, the same as the first unit at this plant.

In addition to the anticipated new generating capacity described
above, Con Ed expects to purchase significant amounts of power from other
systems throughout the foreseeable future. A new source expected to be
available sometime next year is the FitzPatrick Nuclear Unit under con-
struction by the Power Authority of the State of New York at Scriba, New
York. Earlier this unit was scheduled for service in the spring of 1973
but it has now been delayed at least until October 1973. Final arrange-

* ments have not been completed but Con Ed expects to receive several hundred
megawatts during the summer seasons, and lesser amounts in the winter.
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CONSOLIDATED EDISON COMPANY OF NEW YORK, INC.
LONG RANGE ELECTRIC GENERATION PROGRAM

PLANNED CAPACITY, LOAD AND RESERVE - SUMMMER PROGRAM

1971 1972 1973

8469 8909 10205

1974 1975 1976

10488 11150 11985

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

12720 12633 12508 13108 13542 14104 15059 15810 16060 17010 17410 18510 18510 19210Existing Installed Capacity

New Capacity and Retirements
Gowanus Gas Turbines
Indian Point No. 2
Bowline Point No. 1
Narrows Gas Turbines
Roseton Nos. 1 & 2
Indian Point No. 3
Bowline Point No. 2
Astoria No. 6
GT Peaking Plant-JFK Airport
Gas Turbine Plants
Ossining Fossil
Cornwall Pumped Storage
Nuclear Nos. 4 & 5
Base Load Plants

Retirements

Total Installed Capacity

Firm Purchases

Proposed Purchasea2'

Total Capacity Resources

Steam Deratings

Net Capacity Resources

Estimated Peak Load

Reserve - MW
-%

Reserve with Latest Unit
Delayed One Year - MW

-R

624
873 92
400
348

480

35 33

9651/ 35
400

-120
33

-120

800
44 44

700 400 400 400
600 600

1000 1000
1100 1100

-184

8909

920

9829

-200

9629

-325

10205

395

10600

-95

10505

-333

10488

40

1000

11528

-40

11488

8850

2638
29.8

-217

11150

40

900

12090

-39

12051

9300

2751
29.6

-563

11985 12720

40 40

1100

-125 - -166 -318 -45 -349 -150 -150 - -400

12633 12508 13108 13542 14104 15059 15810 16060 17010 17410 18510 18510

400

1100

-400

19210 19610

I

700

12725

-27

12698

400

13160

-67

13093

1400 1400

14033 13908

-46 0

13987 13908

10650 11100

3337 2808
31.3 25.3

1400 1400 1400

14508 14942 15504

0 0 0

14508 14942 15504

11550 12000 12475

2958 2942 3029
25.6 24.5 24.2

1400 1400

16459 17210

0 0

16459 17210

12950 13450

3509 3760
27.1 27.9

1400

17460

0

17460

13950

3510
25.2

1400-

18410

0

18410

14500

3910
27.0:

1400

18810

0

18810

15050

3760
25.0

1400

19910

0

19910

15600

4310
27.6

1400

19910

0

19910

16150

3760
23.3

1400

20610

0

20610

16750

3860
23.0

1400

21010

0

21010

17350

3660
21.1

7950 8400

1679 2105
21.1 25.1

9750 10200

2948 2893
30.2 28.3

1232 2398 1951 2465-/ 2543 2837A/ 2808 2358 2342 2529V/ 3009,1/ 2660 3110 2810i 3360 3210 3360 2760 3260
14.7 27.1 21.0 25.3 .24.9 26.6 25.3 20.4 19.5 20.2 23.2 19.8 22.3 19.4 22.3 20.6 20.8 16.5 18.8

Notes: 1/ Indian Point No. 3 operation at full power shown delayed beyond summer 1974 scheduled construction completion date
to allow for potential AEC licensing delays.

2/ Proposed purchases include capacity which may be available from Rochester Gas and Electric (1973 and 1974), Niagara
Mohawk (1973-75), Power Authority of the State of New York FitzPatrick Nuclear Unit (beginning in 1973) and
Breakabeen Pumped Storage Plant (beginning in 1977), and Hydro Quebec (beginning in 1977). Purchase arrangements
are in various stages of negotiation'and no contracts have yet been signed.

3/ Assumes Indian Point No. 3 in operation at one-half of full power.
W/ Considers delay of 600 MW of proposed purchases.
3/ Assumes two Cornwall pump-turbines (500 MW) delayed.

System Planning Department
December 27, 1971
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Looking further ahead, Con Ed has a letter agreement with Hydro
Quebec for 800 megawatts capacity and initially 2.14 billion kilowatt-hours
in 1977 and 3 billion kilowatt-hours annually for 19 years thereafter.
There are also general plans for the addition of 700 megawatts of gas
turbine capacity and 1,200 megawatts of oil-fired capacity in the last
half of the 1970's and the early 1980's. The Ossining Plant shown in
the schedule for 1979 and 1980 is still being studied but there are a
number of problems which prevent the outlook from being encouraging.
Other potential sites are being sought.

Con Ed still plans to build the Cornwall Pumped Storage Project.
whenever it appears feasible to undertake construction. Completion is
expected to require about six years from the time construction is started.
The Company's December 1971 tabulation indicates availability of 1,000
megawatts for summer 1981 and another 1,000 megawatts for the following
summer.

In the latter part of the 20-year projection, all of the major
capacity additions are shown as unidentified nuclear, other base load,
and gas turbine installations. Arrangements have been made to extend the
period for starting the development of David's Island through 1976 but it
is envisioned that much of the new capacity in the 1980's might involve
large generating complexes at sites under study.

Transmission Considerations

As load growth continues over the Consolidated Edison system, the
transmission capacity to bring power into the concentrated load areas
must be increased correspondingly since most of the new base load facilities
are necessarily being constructed elsewhere. Frequently, in prior years when
there were severe power shortages in New York City proper, it was reported
that sufficient generating capability to relieve the shortages was available
in other parts of New York or adjoining areas but certain transmission capa-

D bility limitations prevented it from being.brought into the areas of need at
the time. To correct some of these problems, there is a program of trans-
mission system strengthening even though progress has been somewhat slow
because of delays due to environmental questions, rights-of-way problems,
and related matters. As mentioned earlier, an extra-high-voltage tie to the
PJM system was delayed -from its planned initial service date in 1968 until
early 1972 because of rights-of-way problems. Also mentioned earlier is
the new 345-kV cable connection between Con Ed and Public Service Electric &
Gas which is expected to be ready for service in the very near future.

An additional 345-kV circuit to connect with utilities in upstate New
York, originally scheduled for initial service in January 1971,. is still

D being held up by legal proceedings. Known as the Southern Tier Line, con-Sstruction is expected to require some 18 months after a license is granted
by the Public Service Commission.



- 9-

A new 345-kV line from Ramapo Substation to connect to Public Service
Electric & Gas Company's New Milford Substation, originally scheduled for
service in May 1972, was not approved and licensed until March 1972.
Construction was started soon thereafter,. and the line is expected to be
completed early in 1973.

Preliminary work, including footing and structure designs, has been
done in connection with the rebuilding of two 138-kV lines for 345-kV
operation between the Millwood and Dunwoodie Substations in Westchester
County. These circuits follow the New York City Aqueduct right-of-way,
and only a portion of the necessary approvals for the construction have
been granted. The rebuilding for 345-kV operation was originally scheduled
for completion in the spring of 1969, but it is now expected that comple-
tion will be before the summer of 1974.

Application has been filed with the Public Service Commission for
certification and approval of a 345-kV circuit from Dunwoodie Substation
to Long Island Lighting Company's Glenwood Generating Station. Construc-
tion is presently scheduled to begin in the fall of 1973 and to be completed
by spring of 1975.

Construction has been started on the installation of two 345-kV under-
ground cable circuits from the Sprainbrook Substation in southern Westchester
County to the East 13th Street Substation in Manhattan, and one 345-kV
underground cable circuit from Sprainbrook Substation to Tremont Substation.
These circuits are scheduled for completion by the spring of 1974 and will
significantly improve transmission capability from the north into lower
Manhattan.

Construction is scheduled to begin in the fall of 1972 on two new
345-kV underground cables from the Astoria Generating Plant to the East
13th Street Substation. This addition is scheduled for completion by the
spring of 1974 to coordinate with the schedule for initial service of the
new 800-megawatt generating unit at Astoria.

Longer range plans for new transmission are less definite but added
generating capacity at Cornwall and other points farther north will require
further strengthening of the transmission facilities into Con Ed's major
service areas. The Cornwall Project is expected to require four 345-kV
transmission cables under and near the Hudson River with overhead lines to
extend these connections to a new switching station at Kent, and the
rebuilding of existing 138-kV lines for operation at 345-kV from Pleasant
Valley to Millwood. The accompanying area map shows the Con Ed trans-
mission system as of summer 1972.

Completion of arrangements for large generating complexes, possibly
in upstate New York, and deliveries of large amounts of power from Canada
would require very substantial new construction of transmission facilities
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in both Canada and New York. Plans for facilities such as those are under
study and it is anticipated that they would involve transmission facilities
in the 700-kV class to economically transmit the anticipated amounts of
power over the distances required.

Possible Problem Areas Affecting Future Power Supply

At the time of this review, there appear to be several problem areas
which could create major obstacles in carrying out the planned expansion
programs and providing the generation and transmission facilities expected
to be needed to meet New York City's future demands for electric power.

The plans as outlined for furnishing the power requirements of the
metropolitan area in the years ahead involve the timely completion of many
new facilities if serious power shortages are to be avoided. It is noted
in relation to this that for the last several years virtuall-'•every new
facility"has met with problems of delay which seem to be virtually unavoid-
able. Objection to many of the proposed installations, the multiplicity of
procedures involved in the approval, certification, and licensing processes,
and the sometimes seemingly endless delays associated with them, make it
almost impossible to schedule and construct new facilities by the time they
are needed. Regardless of the inefficiencies and frequent changes of plans
which result, this demands that exceedingly long lead times be used in the
planning of new installations and even then there may be no guarantee, of
successfully completing the projects on time.

Although work is underway and there is hope that Astoria Unit No. 6
may be finished and ready for operation in 1974, there are still unresolved
issues which could prevent its operation and thereby provoke another season
of jeopardy and uncertainty for the people of New York City as regards power
supply in the summer of 1974.

In addition to the delays due to procedural problems and interventions
on various grounds, some significant delays are reported to have resulted
from strikes affecting some construction projects.

Recent problems with nuclear fuel assemblies at power plants outside
the Con Ed area could have an impact on operation of the nuclear units of
similar design at Indian Point and perhaps other locations which have a
relationship to the overall power supply for the Northeast. Any severe
restrictions in the operations. of these units could seriously affect area
power supplies, including New York City.

Although some of its. older facilities have been retired in the past
few years, Con Ed still experiences a relatively high forced outage rate
and at times the equipment out of service and the capacity reductions
together represent a substantial part of the total installed generating
capability. The following table indicates. the capacity losses during
several weeks of the 1972 summer season.

. ... . . . ... .2 0.. .. ..
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Unavailable Capacity on Peak .Day!/

Week Install. Forced Derating
Ending Capabil. Outage Unit Steam

(MW) (MW) (W) (MW)

June 3 9009 724 566 275
June 10 9009 1001 1085 274
June 17 9183 477 905 298

Total Unavail.
Amit. %Inst.
(MW)

June
July
July
July
July

Z4

1
.8
15
22

9183
9183
9173

9173

.Lb4

1074
2134
878

1054

778
470
686
576

Z.50

282
409
437
319

1565
2360
1680
2122
2134
3013
2001
1949

17.4
26.2
18.3
23.1
23.2
32.8
21.8
21.3

Source: New York PSC weekly reports to Gov. Rockefeller.

I/ Exclusive of scheduled maintenance. The Company is conducting intensive
maintenance to reduce the system capacity unavailability and will retire
older units as soon as new capacity can be installed.

Recent Programs Related to Adequacy and Reliability of Power Supply
/

The New York Power Pool and the Public Service Commission have reached
understandings about curtailment actions and emergency measures to be taken
by the Pool in case of severe problems affecting power supply of the Pool
or its member systems. These agreements facilitate actions to aid troubled
areas by reducing services in adjoining areas if emergencies develop which
can be mitigated in this manner.

The Consolidated Edison Company has a 26-point program of voltage
reductions and progressively more stringent measures for dealing with emergency
situations resulting from inadequate generating capability or related problems
affecting the Con Ed system.

The Consolidated Edison Company has instituted conservation programs in
the form of public education campaigns to encourage the reduction in
non-essential uses of electricity through turning down air conditioners,
turning off lights, and rescheduling the periods of use of high consumption
appliances. Its Save-A-Watt program is believed to have been quite effective
in times of serious need as a means of lowering peak demands.

The Association of Home Appliance
of instruction for the public on how to
conditioners in order to obtain optimum
consumption.

Manufacturers has conducted programs
purchase, operate, and maintain air
results in terms of electricity

... Finally, the State of New York has enacted a new siting law which
established a Board on Electric Generating Siting and the Environment. It
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is to review applications for the siting and construction of new steam-electric
plants and issue certificates of environmental capability and public need
before site work and facility construction can be started. It is hoped that
this will make possible a practical means of resolving many of the problems
which have been most difficult in. ..p ....

Conclusions and Recommendations

The many restrictions affecting the expansion programs and future sources
of supply for loads of the Consolidated Edison Company leave little room for
any substantial alternatives at any given time, and it-remains incumbent upon
the Company to continually review timely performance of all programs involving
facilities to meet future power needs of the New York metropolitan area.
Apparently, it will also continue to be necessary for the Company to diligently
pursue practical mea s of providing for requirements many years into the future
if the essential facilities and arrangements are to be available when nieded.

Although some improvements in interconnection capability have been
effected since 1969, the transfer capability into the Consolidated Edison
system remains below 25 percent of peak load. We still consider 25 percent
to be a realistic goal for added reliability in terms of the Con Ed system
characteristics and forced outage rates experienced recently.

The increased efforts toward closer coordination of planning, construc-
tion, and operation of generation and transmission facilities have been noted.
The continued need for such coordination is evident and is commended as an
important element in the solution of future power supply problems.

The adoption of a longer range planning program and the publication of
a 20-year planning base have been noted and the Company is commended for its
action in this regard.

It appears that a program of improvements to alleviate some of the
problems affecting the distribution network and local service areas is appro-
priate although the tremendous difficulties in obtaining additional substation'
sites in the highly congested areas are recognized.

4
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SUMMARY AND CONCLUSIONS

This Final Environmental Statement was prepared by the U. S. Atomic
Energy Commission, Directorate of Licensing.

1. This action is administrative.

2. The proposed action is the issuance of a license to Consolidated
Edison Company of New York, Inc., for the operation of the Indian
Point Nuclear Generating Plant, Unit No. 2 (Docket No. 50-247),
located in the State of New York, Westchester County, Village of
Buchanan, 24 miles north of the New York City boundary line.

The Indian Point Station will have three Units each with a pres-
surized water reactor. Although the present action is concerned
with the proposed issuance of a license for Unit No. 2, this
Statement considers the environmental impact of the simultaneous
operation of Units Nos. 1 and 2 (265 and 873 megawatts electrical,
respectively). In view of the proximity of Units Nos. 1, 2, and
3 and the similarity in design of the Units, it is reasonable to
expect that any and all requirements placed on Unit 2 as a conse-
quence of this Statement will apply as well to Units Nos. 1 and 3.
Nevertheless, separate studies of the environmental impact of
Units Nos. 1 and 3 will be made, in which the combined effects of
the Units will be taken into account, and conclusions will be
drawn and recommendations made based on those studies.

3. Summary of environmental impacts, including beneficial and adverse
effects, follows:

a. About 35 acres of 239 acres of land formerly used as an
amusement park, and later zoned for heavy industry, have
been converted to industrial use.

b. The applicant's plans to develop an 80-acre forested park with
a freshwater lake and to build a new visitors' center, nature
trails, gardens and public facilities will enhance the value
of the site to the general public. A 14-acre area, transferred
by the applicant to the Village of Buchanan, will be developed
into a marina.

i
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c. A minimal land' area was used for the right-of-way of the
transmission.,lines from Unit,No. 2 to the nearby Buchanan
Substation from which the power-is distributed to the
applicant's system; no additional right-of-way was needed
to distribute the electrical output of, Unit No. 2. Trans-
mission towers from Unit No. 2 to the Buchanan Substation

!were designed in accordance with Federal guidelines.

d. In constructing Unit No. 2, the change in pattern of land
use was kept to a minimum; areas disturbed during construction
will be improved by landscaping and planting-..

e. About 2,650 cubic feet per second* of water for once-through
cooling and service water systems will, be, withdrawn from the
Hudson River and increased in temperature by about 15F* during
passage through:the steam conden•sers and heat exchangers of
Units Nos. 1 and 2. This heated water from both Units will
be combined in a common discharge 'canal'and-released into the
Hudson River at a velocity of about 10 feet'per second via a
270-foot long, submerged multiport discharge structure.

f. The applicant's conclusion that the thermal discharges from
Units Nos. 1 and 2 will meet the New York. State thermal standards
throughout the entire year has not been confirmed by the staff'sI review"and evaluation. Although the staff's assessment shows that
-the thermal discharges will- result in a temperature of 'less than
90F at th.e6 river surface, evenduring the smmer months, and
thus meet part of the'.'New York thermal standards, the staff
finds that the New York State standards for surface area and
cross-sectional area enclosed within the 4F* isotherm may not
be met. Under the severest'anticipated operating conditions,
the staff's."evaluation indicates that the area included within
the.4F'-isotherm will be on a tidal average basis less than 50%
of the'vertical cross-sectional area of the river, but the
increase in temperature .at the-surface of the river may be
on a tidal average basis more thin 4F* for more than two-thirds
of the surface area%obf the river and may even extend across
the whole width of the river.:. Under transient peak conditions
of the-tide, which are not.analysed by the applicant, the
results are expected to be more severe than the average condi-
tions mentioned.,

1 1 cubic foot per second (cfs) is equivalent to about 450 gallons per
minute (gpm).
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g. The dissolved oxygen concentration in the thermal plume on
occasion may be reduced to levels detrimental to aquatic
life, principally in late summer and early fall.

h. During the operation of Units Nos. 1 and 2 small quantities
of phosphate, hydrazine, amines, boric acid, and chromate
discharged into the Hudson River are not expected to produce
important biological effects.

i. Chlorination of the once-through cooling system 3 times per
week for a total of 6 hours per week may result in releasing
cooling water containing up to 0.5 ppm of residual chlorine.
This residual chlorine (and any chloramines formed from
reaction with nitrogenous materials in the river water) may
be toxic to aquatic life in the thermal plume and in the
immediate vicinity of the cooling water outfall.

J. A detailed staff assessment of the biological impact of
the once-through cooling system of Indian Point Units Nos. 1
and 2, using available information on the hydraulics and
biota of the Hudson River estuary, shows that:

1) Unless the applicant finds better means of preventing fish
from entering the intake structure, fish, numbering between
two to five million annually based on present population
levels and composed mostly of young-of-the-year white perch
and also large numbers of young-of-the-year striped bass
and other fishes of about one to two inches in length,
will be killed by impingement on the intake structure;

2) Aquatic organisms including phytoplankton, planktonic
crustaceans, larval stages of benthic invertebrates and
eggs and larvae of many of the estuarine fishes such as
striped bass, alewife, blueback herring, tomcod, American
shad, bay anchovy, smelt, and white perch will be subject
to entrainment in the cooling water and thereby exposed to
mechanical, thermal, and chemical (chlorine) effects. The
staff has estimated that during the summer months, an average
of about 25% of those organisms passively drifting downstream
will be entrained. The staff analysis further indicates
that during June and July of most years from 30 to 50%
of the striped bass larvae which migrate past Indian
Point from upstream spawning areas are likely to be killed
by entrainment. There is a high probability that the com-
bined effects of entrainment and impingement will also result
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I. INTRODUCTION

The Indian Point Nuclear Generating Plant Unit No. 2 (Indian Point
Unit No. 2) (Docket No. 50-247), owned and operated by the Consol-
idated Edison. Company of New York, Inc., (the applicant) is located
on a 239-acre site on the eastern bank of the Hudson River in an
industrial area, about 24 miles' north of the New-York, City boundary
line, at Indian Point, Village of Buchanan, in the upper Westchester
County, New York State.

The applicant received a construction permit CPPR-21 for Indian
Point Unit No. 2 on October 14, 1966. The applicant applied for
an operating license on October 15, 1968 and obtained a Facility
Operating License No. DPR-26 to load fuel in the core and conduct
subcritical testing on October 19, 1971. An operating license to
test up to 50% of rated power is pending before the Co-m.ission.

The Indian Point site has three nuclear generating Plants on the
Station with the following thermal and electrical output expressed
in megawatts thermal or megawatts electrical.

(1) Unit No. 1 - 890 MW(t) (total) 285 MNW(e) (gross)
(In operation 615 HW(t) (nuclear) 265 MW(e) (net)
since 1962) 275 MW(t) (fossil)

(2) Unit No. 2 - 2,758"M(t) a 873 W(e)4 (net)
3,216 MW(t) 1,069 MW(e)b

(3) Unit No. 3 - 3,025 HW(t)a 965 MW(e)a

(Under construc- 3,216 MW(t) 1,069 MW(e)
tion until 1974)

aInitial output

Design, output.

Each Unit utilizes the Hudson.River as the water supply for a once-
through cooling system.

The following chapters describe (1) the .environment in the area,
including the history, geography and geology, hydrology, climatology,
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ecology, land and water use including chemical characteristics,
(2) the facility and its effluents, (3) the impacts from construc-
tion and operation of Unit No. 2 (Plant), (4) alternatives to.the
proposed action, (5) irreversible and irretrievable long-term com-
mitments of resources from effects of the Plant operation, (6) need
for power, and (7) the benefits-cost accrued from the proposed.
issuance of an operating license. Wherever possible, the.Statement
takes into account the combined impacts from operation of Unit No. 1
and Unit No. 2. The applicant shall be required to release all
discharges to the environment in accordance with Federal and State
regulations. Comments from Federal, State and local agencies, the
applicant, interested persons and groups, some of which are parties
in the proceeding of the Licensing Hearing before the Board, have
been taken into account in the body of the text under the appropriate
subject and further detailed in Chapter XII of this Statement.

A. SITE SELECTION

The selection of a site for construction of an electrical-generating
facility depends.on many factors. The generating capacity of the
power plant is a primary factor. Large generating units (which are
more economical than smaller units) place restrictive requirements
on prospective plant sites. Power plants using fossil fuel (coal or
fuel oil) must have available the means, such as railroads or
navigable waters, of.transporting bulk materials in large quantities.
In addition, each fossil- or nuclear-fueled power plant requires a
large volume of water for dissipating the waste heat inherent in the
steam-electric cycle.

Another consideration in the selection of plant sites is the
distance to the load centers, since transmission losses increase
with distance. Nearness to existing transmission facilities
decreases the capital investment required to place new power
generation on line.

Public acceptance of a plant site is also desirable. Public pres-
sure to preserve scenic natural features, or to prevent the place-
ment of a power plant near residential areas of high population
density, influences the ultimate selection of a power plant site.
Suitable sites for large power plants are becoming increasingly
scarce in the New York area. Limitations of, the availability of
the above-mentioned requirements has restricted the applicant in
selecting suitable sites to build power plants to serve the appli-
cant's service area.
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A primary consideration for choosing-the Indian Point site for Unit
No. 2 was that the site was pledged to nuclear power generation as
early as 1956 'when the construction permit forUnit No. 1 was is-
sued by the Commission. Unit No.. 1 had been in commercial operation
for over three years when the applicant filed its application for a
construction license for Unit No. 2 on December 6, 1965. The
applicant has had difficulty in finding sites within or near its
service area upon which the Commission might approve construction
of a nuclear plant and which could also win public acceptance.

Contributing to the siting decision were the following facts: the
population density in the nearby area was low, cooling water was
available, the geology of the site was' adequate, and danger of
flooding was extremely remote. Experience had been gained from
operation of Unit No. I regarding the discharges of thermal, chem-
ical, and radioactive effluents and their effects on the environ-
ment, 1 and studies had been made of the impact of incremental
amounts of these discharges.

B. APPLICATIONS AND APPROVALS

Table I-1 lists the applications filed by the applicant and the
approvals received from various governing bodies or agencies.I For
those applications which have been granted, the date of issuance is
included. The letters granting the permits are presented in Ap-
pendix I of the applicant's Supplement No. 1 to the Environmental
Report.'

Future Environmental Approvals

Future environmental approvals required by the applicant for the
operation of Indian Point Unit No. 2 will include obtaining
operating permits from the New York State Department of Environmental
Conservation (Article 12, Public Health Law), the Department of the
Army, Corps of Engineers (The Navigation and Navigable Waters Act,
S407 - Refuse Act of 1899), and an operating license from the Atomic
Energy Commission.

Application has been filed with the Department of Environmental
Conservation for a permit for discharge of chemical solutions and an
operating permit for the service boilers, and with the Department of
the Army, Corps of Engineers for a permit to discharge effluents
through'the channel and diffuser into the Hudson River.
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Table I-I

FEDERAL, STATE AND LOCAL. AUTHORIZATIONS
REQUIRED FOR CONSTRUCTION AND OPERATION OF

INDIAN POINT UNIT NO. 2 AND UNIT NO. 1

AGENCY DATE OF ISSUANCE PERMIT, LICENSE, ETC.

Federal

Atomic Energy Commission

Indian Point Unit No. 1
(Docket No.. 50-3)

5-4-56

3-26-62

10-14-66Indian Point Unit No. 2
(Docket No. 50-247)

10-19-71

Initial Deci-
sion by ASLB

7-14-72

Construction Permit
CPPR-1

Unit No. 1 Provisional
Operating License DPR-5

Construction Permit
CPPR-21

Facility Operating
License No. DPR-26 to
Load Fuel and Conduct
Subcritical Testing

Facility Operating
License to Conduct
Tests Up to 50% of
Rated Power

Construction Permit
CPPR-62

Indian Point Unit No. 3
(Docket No. 50-286)

8-13-69
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X. THE NEED FOR POWER

A. POWER DEMAND IN THE APPLICANT's SYSTEM

The area serviced by the applicant consists of the five boroughs of
New York City and most of Westchester County, New York, and encom-
passes a population of 8,760,000 (1970).1 The power needs of this
region have been well known, particularly since the applicant
actively recommends, through its "Save a Watt" program, increased
efficiency of public use of electricity. The heaviest concentration
of electric load occurs in Manhattan.

Figure X-1 shows the consumption of electricity by four major classes
of users for the 1960-70 period in the applicant's service area. It
can be seen that, during this decade, residential use of electricity
increased about 95%, commercial and industrial use increased by 70%,
and governmental use increased 96%. In general, the load require-
ments of the applicant's system differ from the national average
in that most of the energy is distributed to residential and
commercial customers and relatively little goes to large industrial
users. For example, in 1968, about 22% was for residential use,
about 44% for commercial use, and only 7.2% for industrial use, as
compared with national averages of 27.7, 18.0 and 41.1%, respectively.
The applicant in its Supplement No. 3 to the Environmental Report
predicts a long-range forecast of sales of electrical output from
Unit No. 2 to include 30.0% for residential use, 53.6% for commercial
and industrial use, and 16.4% for railroad and governmental uses.
Thus, the loading of the system tends to be closely related to the
activities of individual residents and commercial establishments;
loads are low during late night hours and on weekends and holidays
and high during 8:00 a.m. - 5:00 p.m. working hours. The ratio of
the maximum to the minimum system load during a 24-hr period may be
as high as three to one, so that much of the capacity needed to meet
the daytime peak sits idle or not loaded a good part of the time.
The applicant has responded on May 30, 1972 in Appendix XII-23 that
gas turbine units and some fossil-fueled plants will be used to meet
the power needs during peak hours. However, the nuclear power plants
will be used only as baseload facilities and will be operated
continuously except during scheduled maintenance periods or forced
outages.

Another special characteristic of the area serviced by the applicant
is the slow growth of the population. The population remained
essentially constant between 1950 and 1960; from.1960 through 1968 it
increased only about 0.5% per year. The demand increase shown in
Fig. X-1 is attributable to the development of new commercial and
residential facilities and to the modernization of older facilities.
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The peak demand in the applicant's system occurs in summer, largelyfobrair-conditioning. Actual and projected peak demands for summer
... and winter shown in Table X-1, indicate an average estimated

increase in demand for electric power of 5.0% per year (summer peak)
and 4.5% per year (winter peak) during the period 1971 to 1980.2
This is to be compared with 5.7% per year, the approximate growth
rate in the New York area (Federal Power Commission [FPC] Coordinated
StudyArea B) during the period 1960 to 1970 inclusive.

B. PLANNED CAPACITY ADDITIONS

To meet the increasing demand, the applicant plans to increase the
system capacity as shown in Table X-1. If the planned additions
of capacity are on schedule, the gross reserve margin will be in
the general range of 17 to 28% for the summer peaks and 36 to 62%
for the winter peaks. The New York State Department of Public
Service considers these reserves, particularly for summers, to be
"so low as to be critical in the whole 1971-1975 period and the
situation appears to be deteriorating instead of improving." 2

These reserves are to be compared with the generally used reserve
criterion of 20% of peak load.

According to the FPC the criterion for reserve margin of 20% of peak
load, which includes allowances for scheduled maintenance, forced
outages, errors in load forecasting, and spinning reserve require-
ments, should be viewed as an approximate rule which may be modified
upwards or downwards, depending on the actual conditions prevailing
in individual systems. Due to the high percentage of older and less
reliable generating units on its system, the applicant has found
that the 20% margin is generally not adequate for system reliability.
The largest unit now in service in the applicant's system is the
1,000 MW(e) Ravenswood Unit No. 3.* To maintain system reliability
when large increments of generating capacity may be lost by forced
outages of large units, correspondingly large system reserves are
required. Recent experience indicates that frequent forced outages
of new large generating units may be expected during the initial
months of their operation.-.

Although the projected reserves' on the applicant's system under
normal circumstances would appear to be adequate, the applicant has
experienced so many prolonged' outages of major equipment and delays
in new facilities during recent years that major maintenance has
had to be deferred. This has created an extensive backlog of main-
tenance required to return the existing equipment to a normal state

*The Wall Street Journal reports (August 17, 1972) this unit
operating at 60% of capacity due to continuing generator problems.



TABLE X-1

APPLICANT'S LOAD, CAPACITY AND RESERVES
FOR SUMMER AND WINTER PEAKS, 1971-1980

Year

1971

1972

1973

1974

1975.

1976

1977

1978

1979

1980

Total Available
1

Capacity MW(e)
Summer Winter

Peak Load
MW(e)

Summer Winter

Reserve
MW(e)

Summer Winter

Reserve
% Peak Load

Summer Winter

9,5092

10,0313

10,585

12,050

12,050

12,459

13,544

14,180

14,095

15,105

8,500

9,8234

9,247

11,505

11,460

11,969

12,701

13,507

13,412

14,442

7,8002

8,550

8,950

9,400

9,850

10,300

10,750

11,200

11,650

12,100

6,225

6,500

6,800

7,125

7,475

7,825

8,175

8,550

8,950

9,350

1,709

1,481

1,635

2,650

2,200

2,159

2,794

2,980

2,445

3,005

2,275

3. 323

2. 447

4,380

3.985

4,144

4,526

4,957

4,462

5,092

21.9

17.3

18.3

28.2

22.3

21.0

26.0

26.6

21.0

24.8

36.6

51.1

36.0

61.5

53.3

53.0

55.4

58.0

49.9

54.5

1 Represents the applicant's foreca
schedule. Data from reference 2.

2 Actual summer 1971 data.

st as of .1971 if all plans are implemented on

' Actual data for summer 1972 show about 10,495 HW(e) available.
4 These figures have been changed by delays in new capacity and by deferring-retirement of

older facilities. See discussion in text.
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of dependability. An intensive maintenance program is planned by
the applicant during the winter 1972-73 in an effort to provide
greater equipment reliability for. the peak load expected in summer
of 1973.

The generating capacity of the applicant's system at the present
time is provided by 66 baseload generating units, supplemented by
gas turbines for peaking capability. This baseload totals 8,258
MW(e). Of the baseload units, 36 units, representing about 2,104
MW(e) or 25% of the baseload capability, are over 30 years old.
Many of these are considered obsolete from the standpoint of effi-
cient use of fuel and operating reliability. Also, in recent years
all of the coal-fired units have been converted to oil or gas in
order to meet air pollution criteria for New York City. Continued
dependence upon over-aged generating equipment, with no new baseload
capacity additions, can only lead to the increased possibility of
system catastrophe with attendant loss of supply to large portions
of the service area and the consequent hazards which accompany such
a condition. Lost capacity due to average deratings and forced
outages may total almost 3,000 megawatts during the winter 1972-
1973.3,4

Toward the end of 1969, a 10-year planI prepared by the applicant
for the FPC called for the construction of new hydroelectric pumped
storage, fossil fuel, and nuclear capacity; construction of new
transmission lines and upgrading of existing lines; the purchase of
power from other systems (total of 1,975 MW(e), 1969 through 1972];
and the retirement of selected units totaling about 2,300 MW(e). The
schedule included addition of Indian Point Unit No. 2 in 1971 (delayed
due to fire on November 4, 1971 and other construction difficulties)
and Unit No. 3 in 1974, together with 2,100 MW(e) of gas turbine
capacity in 1970-1972. No new baseload capacity has been added since
1969, while the load has continued to grow. In terms of the present
situation, the power picture has changed since these plans were made
but the overall conclusion for the critical need for Unit No. 2
remains the same.

C. EXPERIENCE IN MEETING DEMAND

1. Past Experience

The experiences and problems encountered by the applicant since 1969
are illustrative of the difficulties that operation of Indian Point
Unit No. 2 is intended to help alleviate. For example, the applicant 5-
experienced two severe power shortages during the 1969 summer season,

one due to extreme weather conditions and the other to an abnormal
amount of forced outages coupled with difficulties in purchasing
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F' power owing to schedule slippage elsewhere. As a result, the appli-
cant. requested customers using large blocks of power to reduce their
load voluntarily and the general public to conserve power. Even then
the applicant was forced to institute voltage reductions on 8 different
days, and on 2 occasions to the maximum allowable reduction of 8%.

Voltage reductions were instituted on 15 days during the summer of
1970. On one occasion it was necessary to interrupt service to about
67,000 customers. During this occurrence, 425 MW(e) was gained by
the voltage reduction, and an additional 390 MW(e) was gained by an
appeal to the public to reduce power, but a disconnection Qf 57 MW(e)
was still necessary - 13 MW(e) in Westchester, affecting 6,980 cus-
tomers, and 44 MW(e) in Staten Island, affecting 5•9,953 customers.. 6

As of September 9, 1971, the voltage on the system had been reduced
13 times during 1971.

2. The Summer 1972 Situation

To meet the anticipated demand during the summer of 1972, the
applicant had to arrange for additional purchases beyond those
already firmly made because Unit No. 2 was delayed due to construc-
tion difficulties and was not available, for the summer of 1972 as
the applicant had originally planned early in the winter. The appli-
cant's capacity included the output of Bowline Unit No. 1, (600 MW(e),
in which a total of 200 MW(e) has been purchased), 348 MW(e) of new
barge-mounted gas turbines, 270 MW(e) 6f power purchased from
Rochester Gas and Electric Company (from the Ginna Nuclear Power
Plant), and 150 MW.(e) of power purchased during daily peak loads
from the Power Authority of the State of New York (up to September 29,
1972). Purchase of another 300 MW(e) from Ontario Hydro from Hay I -
September 3, with possible extension through October 28, 1972- the
end of the summer capability period - was also negotiated by the appli-
cant. 3 The applicant had been purchasing, on a week-to-week basis,
approximately 95 MW(e) under a temporary export license granted by
the National Energy Board to Long Sault, Inc., but this license
expired on June 30, 1972. Consequently, a total of about 920 164(e)
had to be purchased to meet the anticipated summer peak load demand
and to compensate, for the unavailability of.. Indian Point-Unit No. 2.

In addition, the applicant had to provide partial replacement of
capacity through deferral of planned retirements.3 A total of 452
MW(e) of retirements was deferred. (These deferred units are in-
efficient with much less reliability and desirability because of
their excessive pollutant emission.)

The summer 1972 situation in the applicant,'s system is summarized
in Table X-2. The tabulation also shows the situation in the New
York Power Pool (see later discussion). The difference in the
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TABLE X-2 1972 SUMMER PEAK SITUATION

Consolidated New York
Edison Company Power Pool

June I- August 1 June 1 Augu.st1

Conditions without Indian Point
Unit No. 1

Net Dependable Capability--MW(e) 9,2931 10,4952 22,4741 23,9012

Net Peak Load--MW(e) 8,400 8,400 19,510 19,5104
Reserve Margin--MW(e) 893 2,095 2,964 3,891
Reserve Margin-Percent of Peak 10.6 24.9 15.2 19.9

Load
Needed Reserve Margin Based on 1,680 1,680 3,902 3,902

Criteria of 20 Percent of Peak
Load--MW(e) 5

Reserve Excess/Deficiency at 20 - 787. + 495 - 938 - 11
Percent Margin--MW(e) 5

Conditions with Indian Point Unit
No. 2 [436MW(e)]

Net Dependable Capability--MW(e) 9,729 10,931 22,910 24,337
Net Peak Load--MW(e) 8,400 8,400 19,510 19,5104
Reserve Margin--MW(e) 1,329 2,531 3,400 4,327
Reserve Margin--Percent of Peak 15.8 30.0 17.4 22.2

Load

Indian Point Unit No. 2 [873MW(e)]

Net Dependable Capability--MW(e) 10,166 11,368 23,347 24,774
Net Peak Load--MW(e) 8,400 8,400 19,510 19,5104
Reserve Margin--MW(e) 1,766 2,968 3,937 4,7643
Reserve Margin--Percent of Peak 21.0 35.4 20.2 24.44

Load

iAccording to FPC analysis of May 10, 1972, this is the expected dependable
resources as of June 1, 1972; applicant's resources include 8,823 MW(e) dependable

2 generating capacity plus 470 MW(e) firm power purchases.
According to the New York State Department of Public Service Analysis of June,
1972, the applicant's dependable resources include 748 MW(e) additional new
capacity and purchase of 920 MW(e).

3Reserve margin must consider the amount of generating capacity that will be
unavailable because much of the generating capacity is beyond normal retirement
age. Much of the reserve capacity cannot be expected to be available. Based on
last summer's experience it is estimated that an average of 2,350 MW(e) will be
unavailable because of unscheduled outages. This represents 255 MW(e) more than

4the estimated reserve of 2,095 MW(e).
5Includes deduction of 500 MW(e) down for scheduled maintenance.
5Although a 20% minimum as a reserve margin capacity is an appropriate general
rule in many situations, it is not appropriate for the applicant because of
reasons already outlined in footnote 3.
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applicant's capability and percent of reserve margin between the
two months as shown in Table X-2 is reflected in the changing
power picture because of the purchases and reduction in retire-
ments and the unavailability of Unit No. 2. The reserve margin
of 2,095 MW(e) without Unit No. 2 on line could be-in jeopardy
in view of the fact that, during the period June through
September 30, 1971, unscheduled forced outages and plant deratings
averaged 2,350 MW(e), 7 or 255 MW(e) more than the estimated reserve.
According to the New York State Department of Environmental
Conservation's comments in Appendix XII-ll, the amount of daily
unavailable power this past summer could range between 1,450 MW(e)
and 3,250 MW(e) on any given day. As shown in Table X-2 the
availability of Unit No. 2 at 50% and 100% of rated power would
bave alleviated this situation. Thus, the FPC 8 from its analysis
of the power needs "concludes that all reasonable efforts •should
continue to bring this unit (Unit No. 2) into service at the
earliest possible date. The need for added capacity against the
contingencies of forced outages, as well as the desirability of
implementing scheduled preventive maintenance programs, is self-.
evident."

In spite of the efforts to increase the reserves, the applicant had
to institute voltage reductions of three to five percent in its system
during the week of July 17 to 21, 1972.9 If Indian Point Unit No. 2
had been on line during the period, it is likely that no voltage
reductions would have been necessary.

3. The Winter 1972-73 Situation

The ap licant now estimates that the winter 1972 peak will be 6,425
MW(e), slightly lower than the earlier estimate given in Table X-1.
During the period between now and the winter peak (usually occuring
in December ), the applicant expects to have 240 MW(e) available
from the 600 MW(e) Roseton No. 1 (oil-fired, applicant's ownership
is 40%). An estimated 663 MW(e) will be added because of increased
thermal efficiency during the winter. Additional capability through
firm purchases will bring the total up to 10,718 MW(e). 3 The gross
reserves during the winter peak will thus be 4,293 MW(e) or 66.8%
of the estimated peak demand. Without Indian Point No. 2, this will
be reduced to 53.3%.

in commenting on the applicant's power needs, the FPC9 indicated
that the applicant's reserve margin during Winter 1972-73 would be
roughly 10 percentage points higher than we have noted in the
preceding paragraph. The difference is attributable to differences
in assumptions concerning what facilities will be available next
winter. The FPC assumed the applicant's capability to be 7,384
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MW(e) fossil, 2,842 MW(e) gas turbine and diesel, 1,138 MW(e)
nuclear, and a purchase of 40 MW(e) making a total of 11,404 MW(e).
In the figures given in Table X-3,4 the retirement of 259 MW(e)
and the exclusion of the 40 MW(e) purchase, reduces the capability
to 11,105 MW(e). The applicant's testimony3 apparently assumes
349 MW(e) more retirements than the 259 MW(e) just noted and also
assures a firm purchase of 40 MW(e) from Maine Yankee. This
reduces the capability at the time of the winter 1972 peak to
10,718 MW(e).

It must be emphasized that, because of the lower winter peak demand,
the applicant's gross reserve in the winter is always much larger
than in the summer.* Moreover, the applicant needs this larger
reserve in order to replace or repair equipment during the lower
demand period (roughly, October to May).

In recent years, the applicant's use during the summer of all of
its capacity, including units that should have been retired from
service, has increased the maintenance work to be performed during
the winter months. The applicant states that the monthly maintenance
schedule during winter 1972-73 will be between 800 and 1,800 MW(e). 3

This amounts to 11 to 28% of the estimated winter peak load.

During winter 1971-72 the applicant experienced an average daily
unavailable capability from all combined causes of 2,608 MW(e),
with actual occurrences as high as 3,743 MW(e). From this experience,
the applicant estimates for winter 1972-73 an average daily unavail-
ability oi 2,600 to 3,100 MW(e). 3 This is 40 to 48% of the estimated
wint-er 1972-73 peak load. If the applicant's experience during this
next winter is similar to that of last winter, the unavailability
of capacity will, at times, exceed the reserve margin without Indian
Point Unit No. 2 in operation.

At the request of the New York State Atomic Energy Council, a
representative of the New York State Department of Public Service
has outlined the projected load, capacity and reserves for the
applicant's system during the months of November 1972 through April

*This is true throughout the Northeast. The actual gross reserve
margin for the Northeast (FPC Power Supply Region I, in December 1971
(winter peak) was 39.4% according to the 51st Semi-Annual Electric
Power Survey published by the Edison Electric Institute (EEI Pub.
No. 72-28, April, 1972). This is to be compared to 22.8%, the gross
reserves during the summer peak of 1971 in the Northeast.
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Table X-3. Consolidated Edison capacity, load, and margins - November, 1972-April, 1973

Nov. 72 Dec. 72 Jan. 73 Feb. 73 Mar. 73 Apr. 73

Capacity

Thermal (conventional)

Thermal (gas turbine & diesel)

Thermal (nuclear)

Hydro (con~ventional)

Hydro.(pumped storage)

Total controlled

Purchases

Sales

Total capacity

7 ,12 5 a 7 , 1 2 5 a 6,909 6;909 6,909

2.842 2,842 2,842 2,842 2,842

1,138 1,138 1,138 1,138 1,138

11,1.05 1.1,105 10,889 10,889 10,889

6,909

2,842
1,138

1.0.889
4040 40 . 40 40

Estimated load

i11,105 11,145 10,929 1.0,929

Peak load

6,225 6j425 6,350 6,250

-Margins

4,880 4,720 4,579 4,679
730 900 1,150 800

4,150 3,820 3,429 3,879

10,929 10,929

6,125 6,225

4,804 4,704

1,450 780

3,354 3,924

(873) (873)

Gross-miagin (MW)

Scheduled maintenance

Margin-after maintenance

Indian Point delay (873) (873) (873) (873)

Increased maintenance schedule 770

Delay retirementb 259 259

Additional purchasec 240 200 200 200

Margin after deducting Indian Point, etc. 3.006 3,406 2,756 3,206

Unavailable capacity, past 12 months experience

Average deratings
Average forced outage

Margin with average unavailability

High deratings

High forced outage

Margin with'high unavailability

Required operating reserve

1,100 1,200 1,500 1,400
1,300 1,100 1,400 1,300

.606 1,106 -144 506

1,400 1,500 1,800 1,600

1,800 1,600 2,400 1,500

-194 306 -1,444 1006

600 600 600 600

200

2,681

1,300

1,500

-119
1,900

1,700

-919

600

200
3,251

1,000
1.500

751
1,300
2,000

-49
600

alnctudes. new units: Bowline No. 1, 400 MW (Consolidated Edison's share); Narrows Gas Turbines, 348 MW;

Roseton No: 1, 240 MW (Consolidated Edison's share).
bDelay retirement: Hell Gate Nos. 2 and 3. 115 MW; Waterside No. 1, 35 MW; Hudson Ave Nos. 2 and 3, 94

MW; 59th Street No. 7. 15 MW.
CRecent purchase agreements: Maine Yankee, 40 MW (Nov. 72 only); Bowline No. 1, 200 MW (throughout

the period).
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1973.4 The estimated monthly values of capacity and reserves,
given in Table X-3, lead to the s-ame conclusion as the average
values noted above, namely, ff Indian Point No. 2 is not available,
there will be times-during next winter when scheduled outages (main-
tenance),-averaged forced-outages and deratings may reduce the
reserve margin to zero or less. In -those periods when the reserve
margin is above zero, it may still be less than the 600 MW(e)
operating reserve required of the applicant as a member of the New
York Power Pool.

Analysis of the information in T-ab-le X-3 indicates that, with Unit
No. 2 on line and taking into account scheduled maintenance, the
reserve margin ranges from 54.6% of peak load in March 1973 up to
66.3% in November 1972. With Unit'No. 2 not available and with the
increased maintenance schedule, power purchases, deferred retire-
ments and additional capacity of Roseton No. 1, which is from the
applicant's share of ownership of this plant, the applicant's
reserve margin is reduced to 43.8% in March 1973 and 49% in
November 1972. The New York State Department-of Public Service,
however, has indicated that-, after deducting average unavailable
capacity because of-average deratings and forced outages, the
applicant "will be unable to meet its load in January and March
19-73.''4 This is because the applicant will be having a deficiency
of reserve margins of 144 MW(e) in-January and 119 MW(e) in March
1973. Also, in February 1973, the applicant will not be dble to
maintain the operating reserve of 600 MW(e) required as a partner
in the New York Power Pool. If high deratings and high forced
outages should occur, the applicant will not be able to meet its
load in every month except two (December 1972 and February 1973);
moreover, in all these months, the applicant will not have the
required operating reserve of 600 MW(e). As a result the Department
of Public Service concludes "on the basis of the above analysis,
additional capacity is needed for the winter of 1972-1973 to
help meet the applicant's load requirements." 4

The above discussion demonstrates that a careful analysis *of gross
margins, margins after scheduled maintenance, margins after speci-
fied additions and deductions because of delay in retirement,
increased scheduled maintenance, margins with average unavailability
and with high unavailability is needed before conclusions can be
drawn as to the significance of the percent of peak load. Therefore,
although the applicant appears to have a high percent"of gross
reserve margins to meet the winter 1972 power needs,'the-applicant,
however, will be in serious difficulty particularly during January
and March 1973 without the availability of Unit No. 2 at any power
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levels to alleviate the situation as shown on Table X-3. Thus, the
statement by the FPC9 that the capacity of Indian. Point Unit No. 2
is not critical to the.applicant's reserve capacity for the 1972-73
winter peak period is based on gross reserve margins. FPC has not
taken into account the maintenance,, delays, forced outages,
deratings and other requirements as outlined in Table X-3. FPC did
state that the availability of Unit No. 2 can allow for maintenance
of other operating units not now possible., Also reliability through
testing of Unit No. 2 through the winter will be improved in antici-
pation of meeting the summer 1973 peak.

4. The Summer 1973 Situation

The load supply situation shown in Table X-4 during next summer has
been estimated by the FTC Bureau of Power. 9 To meet the projected
peak demand of 8,850 MW(e) (slightly less than the applicant's earlier
projection shown in Table X-l), the FPC expects the applicant to have
resources of 10,135 MW(e) without Unit No. 2 or 11,008 MW(e) with
Unit No. 2. (These latter figures assume net firm purchases of
40 MW(e) from Maine Yankee.) These projections indicate a gross
reserve margin during summer 1973 of 14.5% without Unit No. 2 or 24.4%
with Unit No. 2. Comparison, of these figures with those given for
June 1, 1972 in Table X-2 shows that the projected situation for
the applicant will be only slightly better than the situation early
in the summer of 1972. Since, as noted earlier, theapplicant's
situation early in 1972 summer was poor, it follows that the need
for capacity will remain during summer 1973. Without Indian Point
Unit No. 2 in operation next summer, the gross reserve margin will
not be sufficient to insure reliable power for the applicant's
customers.

Although the applicant had to purchase additional power to make up
for the unavailability of Unit No. 2 in the summer of 1972, the
FPC 9 points out that in the summer of 1973, the applicant will have
to reduce its import power from 1,200 MW(e) to 720 MW(e) from
members of the New York Pool, Ontario and New England because of
litigation regarding the Rock Tavern-Ramapo 345-kV transmission line.
This also means that 480 MW(e) from the Roseton Station will not be
available to the applicant.

D. APPLICANT'S PARTICIPATION IN POOLING AND COORDINATION AGREEMENTS

The applicant has been an early participant in intercompany agree-
ments aimed at achieving maximum reliability and economy of service
and is one of eight member utilities of the New York Power Pool.
Table X-5 lists the members of the Pool. 5 Under the pooling
agreement, each member continues to have full responsibility for
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TABLE X-4 ESTIMATED 1973 SUMMER PEAK LOAD-SUPPLY SITUATION

Consolidated
Edison Co.

New York
Power Pool

Conditions for 100 Percent Power
Rating - 873 MW(e)

Total'Resources - MW(e)
Net Peak Load - MW(e)
Reserve Margin - MW(e)
Reserve Margin -- Percent of Peak Load

Conditons for 50 Percent Power
Rating - 436 MW(e)

Total Resources - MW(e)
Net Peak Load - MW(e)
Reserve Margin - MW(e)
Reserve Margin - Percent of Peak Load

Conditions for 20 Percent Power
Rating 175 MW(e)

11,0181
8,850
2,158

24.4

27,490
20,8402
6,650

31.9

10,5311
8,850
1,681

19.0

27,053
20,8402

6,213
29.8

Total Resources - MW(e)
Net Peak Load - MW(e)
Reserve Margin - MW(e)
Reserve Margin - Percent

10,2701
8,850
1,420

16.0

26,792
20,8402

5,952
28.6of Peak Load

Conditions for 0 Percent Power
Rating - 0 MW(e)

Total Resources - MW(e)
Net Peak Load - MW(e)
Reserve Margin - MW(e)
Reserve Margin - Percent

10,1351
8,850
1,285

14.5

26,617
20,8402
5,777

27.7of Peak Load

'Includes net firm purchases of 40 MW(e).
21ncludes net firm sales of 22 MW(e).
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TABLE X-5

NEW YORK POWER POOL MEMBERS

Consolidated Edison Company of New York, Inc.

Long Island Lighting Company

New York State Electric and Gas Corporation

Orange and Rockland Public Utilities, Inc.

Rochester Gas and Electric Company

Niagara Mohawk Power Corporation

Central Hudson Electric and Gas Corporation

Power Authority of the State of New York

*Jamestown Municipal Electric System

*Long Sault, Inc.

*Village of Freeport

*New York State Companies which are not members of the New York Power

Pool but which report their load and capability as part of the New
York State Interconnected Systems.
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maintaining adequate electric generating capacity and transmission -

facilities within its own service area. In particular, the appli-
cant is required to maintain a reserve margin of at least 18% peak
load. Each member must maintain an operating reserve consisting of
a spinning reserve, which is capacity that can be available within
5 minutes' time, and a ready reserve, which is the capacity that
can be available within 30 minutes' time. The applicant's share
of the Pool's operating reserves amounts to about 600 MW(e). The
FPC has recommended that, as a general rule, a minimum of 20%
reserve margin capacity be maintained for large power pools whose
capacity is predominantly from thermal stations.' 0 This includes
allowance for scheduled maintenance, forced outages, errors in load
forecasting, and spinning reserve requirements. In return, under
the pooling arrangement, each member of the Pool and the customers
it serves receive the benefits associated with fully coordinated
planning and cooperation of the systems.

An analysis by the New york State Department of Public Service
of the New York Power Pool situation during the period November
1972 to April 1973 (similar to that shown in Table X-3), shows
the picture to be brighter. 4 Without Indian Point Unit No. 2,
and considering average deratings and average forced outages, the
reserve margin ranges from 2,051 MW(e) or 11.8% of peak load for
March 1973, to about 3,327 MW(e) or 18% of peak load for January
1973. In both January -and March 1973 the reserve margins of 1,297
MW(e) and 851 MNW(e), respectively., with, high unavailability will be
lower than the required operating reserve of 1,400 MW(e) for the
Pool. Then the Pool would be forced to go outside the system in
order to purchase capacity and avoid poss.ible load curtailment. The
availability of Indian Point No. 2 at any power level would improve
the situation in the New York Power Pool.

In addition to being a member in the New York Power Pool, the
applicant is also a member of a larger area agreement, the
Northeast Power Coordinating Council (NPCC) 1 1 The latter was
formed out of an agreement in 1966 between the large electric
utilities in New York, New England, and Ontario, aimed at further
strengthening the service reliability of the interconnected company
systems in this area. The New York State Department of Environ-
mental Conservation 7 has presented information in Table X-6
updating the original FPC projections of the near-term gross
generating capability and reserve conditions in the NPCC area and
in the New York Power Pool for the winter of 1972-197311 It
should be noted, however, that the NPCC is primarily a council for
planning, coordination, and protection for the region and not a
capacity resource pool for its member companies.-. The projections
shown in Table X-6 include the full generating capability of Indian
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TABLE X-6

PROJECTED ELECTRIC LOADS AND SUPPLY CONDITIONS
WITHIN THE NORTHEAST AREA AND THE NEW YORK POWER POOL

(WITH AND WITHOUT INDIAN POINT UNIT NO. 2)

Winter 1972-1973

Northeast Power Coordinating Council*

Planned Capability, MW(e) 59,8572'/
Peak Load 35,6523/
Anticipated Reserves, MW(e) 13,305,-
Percent of Projected Peak Load 29.4
Planned Nuclear 2,835
Percent of Anticipated Reserve 21.4

New York Power Pool**

Planned Capability, MW(e) (Including net of
transactions and 873 MW(e) from Unit No. 2) 26,681 /

Peak Load, MW(e) 18,540
Anticipated Reserves, MW(e) 7,241-=
Percent of Projected Peak Load 39.1
Necessary Reserve at 20%1 MW(e) 3,708
Surplus (Deficiency) MW(e) 3,533

Without Indian Point'Unit No. 2
(Nuclear, April 1972) -873

(Consolidated Edison Co. -

Buchanan, New York)

New Capability MW(e) 25,808
Peak Load MW(e) 18,540
Reserve' MW(e) '6,368&'/

Peak Load % 34.4
Necessary Reserve at 20%'/ MW(e) 3,708'
Surplus (Deficiency) Mw(e) 2,660

*Includes New York,- New England, and Canadian members.
**Includes net of sale transactions.

-/FPC Staff estimate.

2-/With Indian Point No. 2 at 873 MW(e)
-/Includes deduction of 900 MNW(e) for scheduled maintenance..

--/Winter capacity higher because of improved cooling efficiency.
Source: Evaluation of New York State Department of Public Service made
on May 1, 1972, based on Consolidated Edison load and capacity estimates
dated March 28, 1972 and report of NPCC dated April 1, 1972.7
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Point Unit No. 2, 873 MW(e), which represents about 12% of the
anticipated reserves of the New York Power Pool for the winter
1972-1973 period. Without Indian Point Unit No. 2, the available
gross reserve of the New York Power Pool was projected to drop from
39.1% to 34.1% of peak load during this period. The estimate was
also contingent on addition of 1,100 MW(e) of Roseton No. 1 and Gilboa
1 and 2 capability scheduled for winter 1972.

Analysis of the New York Power Pool reserves for the submers of 1969,
1970, and 1971 indicates that actual operating reserves experienced
were only 6.0, 4.4 and 10.9%, respectively, after accounting for
maintenance, unscheduled outages, and forced unit capacity deratings.
Such a low reserve margin is not adequate and threatens system relia-
bility. Further analysis indicates that the contributing factors are
concentrated in the applicant's system. No new baseload capacity has
been added to this system since 1969, while load has continued to grow.
Some 1,833 MW(e) of gas-turbine peaking capacity has been added; how-
ever, extended operation of these units has resulted in extensive main-
tenance problems and reduced availability of the gas-turbine capacity. 1 2

In this connection, the applicant has stated3 that its gas-turbine
units, "intended for limited hours of operation, perhaps 500-1000 each
year,.... have already been required to operate on the average, for the
equivalent of 2000 hours per year since the summer of 1971, and will
be required to continue operation at this level in the summer of 1972."
Until the applicant increases its baseload capacity, the reliability
of the New York Power Pool will be less than desirable.

Table X-2 also shows the 1972 summer peak situation for the New York
Power Pool. It will be noted that during June and July gross reserves
of the Pool (expressed as percent of peak load) are greater than those
:of the applicant; after August 1, the applicant's reserve margin is
higher than that of the Pool.

The estimated 1973 summer peak load situation for the Pool is also
shown in Table X-4. 9 As can be seen, the projected gross reserves
of 31.9% of peak load of the Pool are greater than the applicant's
gross reserve margins provided Indian Point Unit No. 2 is included.
Without Unit No. 2 the gross reserves of the Pool drop to 27.7% of
peak load. Based on gross reserves, the Pool should have sufficient
reserves for winter 1972-73 and the summer of 1973. This does not
include forced outages or deratings of plants in the Pool.

E. AVAILABLE ALTERNATE SOURCES

The applicant purchased 920 MW(e) and added 624 MW(e) gas-turbine
capacity to its systems in 1971 to meet the shortages expected,
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particularly during the summer of 1971. In 1972 the applicant con-
tracted for 920 MW(e) of purchased capacity, which included 200 MW(e)
from Orange and Rockland's share of the Bowline Point Unit No. 1,
scheduled to go on line in July 1972, and an additional 720 MW(e)
from other utilities. These purchases are short-term'and in some
cases for limited hours of the day to meet the peak demand. They
are rot to be considered a solution to provide reliable power over
the long term.

Thus the applicant needs to have Indian Point Unit No. 2 as a baseload
facility on line as sooný as possible in-order to mieet the baseload
requirements for its own service area and to maintain needed reserve
margins with respect to meeting the requirements. of the New York
Power Pool. The situation would be further complicated if any units
scheduled to come on line are delayed.* Without these new plants
available, a serious power shortage to the New York Metropolitan
area can occur. Furthermore, the environmental impact of the air
pollutants from the older fossil-fuel plants, which would have to
operate to make up for the lack of availability of Indian Point Unit
No. 2, should be added into the picture with the unavailability of
Indian Point Unit No. 2. Details of the applicant's available
alternate sources, particularly for the long-term, are discussed in
Chapter XI.A.

The applicant in its testimony of October 19, 1971,13 January 24-25,
and May 18, 1972,3 before the presiding Atomic Safety and Licensing
Board, details the problems of power purchases to meet these short-
ages.

F. COST OF DELAY

The cost of delay to the applicant and its customers in placing this
Plant on line in time has been reported by the applicant to consist of
about $5,500,000 per month, the estimated cost of incremental opera-
tion and maintenance and out-of-pocket cost. of replacing energy which
would. otherwise have been produced by Indian Point Unit No. 2 plus
about $1,000,000 per month, the amount of interest during construction
which would occur during the period of delay. 3 Operation would not
only eliminate these costs but would generate electricity for the
applicant's customers so as to begin financial return on capital
investment. Taxes then paid by the applicant on the income obtained
would support beneficial activities in the local communities. 3

*The units involved here include those in other systems from which

the applicant plans to purchase capacity.
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G. CONCLUSION

Since the applicant's original decision to schedule the addition of
Indian Point No. 2 to its system to meet the demand for electricity in
the 1970's, voltage, reductions and service, interruptions have occurred;
these events, taken together with new and more stringent air pollution
restrictions and environmental protection concerns, have tended to
increase the pressures on the existing capacity. Moreover, the avail-
ability of alternate sources of baseload capacity is limited to short-
term purchase commitments. In view of this, the staff believes that
the need for the additional baseload capacity represented by Indian
Point Unit No. 2 has been clearly demonstrated.
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LETTER OF TRANSMITTAL

U.S. SENATE,
COMMITTEE ON COMMERCE,

September 29, 1976.
DEAR COLLEAGUE: It has been 4 years since the enactment of the

Coastal Zone Management Act. Currently, all 30 coastal States and
three of four eligible territories are in the process of developing
coastal zone management programs under this legislation.

Since its enactment, the Coastal Zone Managment Act has been
amended twice, in 1974 and again in 1976. The 1976 amendments are
significant in both scope and concept.

Since the legislative intent of this Act, as amended, is frequently re-
examined by the Congress and the Executive, the Committee requested
the Library of Congress' Congressional Research Service to compile
this history containing the legislative documents and debate.

It is hoped that this legislative history will prove useful to you
and others involved in coastal zone management.

We wish to emphasize that the content of this legislative history
have neither been approved, disapproved, nor considered by the Sen-
ate Committee on Commerce or the National Ocean Policy Study.

WARREN G. MAGNUSON,
Chairman, Committee on Commerce.

ERNEST F. HIOLLINGS,
Chairman, National Ocean Policy Study.
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LETTER OF SUBMITTAL

THE LIBRARY OF CONGRESS,
CONGRESSIONAL RESEARGH SERVICE,

Washington, D.C., July 26, 1976.Hon. ERNEST F. HOLLIN•GS,

Chairman, National Ocean Policy Study, Committee on Commerce,
U.S. Senate, TVa8hington, D.C.

DEAR MR. ChAIRAN: In response to your request, we are submitting
a legislative history of the Coastal Zone Management Act of 1972, and
the 1974 and 1976 amendments.

This history contains an introductory section explaining the effect
,jf the Stratton Commission's report on the movement for coastal
zone management, and covers the efforts of the 91st and 92d Congresses
toward this legislation. In addition, all: reports and debates are
included.

This work was compiled by Martin R. Lee, analyst in the Oceans
and Coastal Resources Project.

We hope that this history will serve the needs of the Senate National
Ocean Policy Study as well as those of Committees and Members of
Congress interested in coastal zone management.

Sincerely,
NORMAN BECKMNIAN,

Acting Director.
(v)
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in northern California, just north of Eureka. In Oregon the
most likely candidate seems to be Alesea Bay, but Netarts is
also a good candidate. In Texas the Baflin Bay region of the
Laguna Madre, and perhaps Copano Bay should be consid-
ered * * *. (Committee on Commerce hearings, "Federal
Oceanic and Atmospheric Organization." Pt. 2, serial No.
91-59, at p. 1258.)

Dr. B. J. Copeland of North Carolina State University recom-
mended that "sanctuaries should be established to enable studying
estuaries of various ecological types and under various ambient con-
ditions", and gave these examples:

A. Oligohaline estuary-Pamlico River, N.C.
B. Medium salinity plankton system-Chesapeake Bay, Md.
C. Tropical Estuary-Kaneohe Bay, Hawaii.
D* Oyster Reef, grass flat-Barataria Bay, La.
E. Lagoon-Laguna Madre (Baffin Bay), Tex.
F. West coast-plankton system.-Yaquina Bay, Oreg. (Com-

mittee on Commerce hearin"g, "Federal Oceanic and ntmospheric
Organization," Pt.. 2 serial No. 91-59 at p. 1259.)

Dr. Copeland stated that these types represent most of the estuaries
in the United States with the exception of minor ones on rocky coasts
and those in the Arctic.

The Committee is convinced that. sound coastal zone management
must be based upon basic ecological considerations, and to this end are
persuaded by the statement of 'fr. Sydney Howe, president of the
Conservation Foundation:

Traditionally, land-use planning is based largely on eco-
nomic engineering, design and transportation concepts that
consider natural processes only partially and indirectly. The
science of ecology-"the systems analysis of nature" is con-
cerned with the impact of man upon natural processes and the
total consequences, including the effects on man and his works.

* * * [N]ational policy for coastal management [should
be] to give a priority to those uses which are compatible with
the productive functioning of coastal natural systems and
which cannot be provided elsewhere, and that: •(here- devel-
opment is permitted it should be designed to minimize dam-
age to these natural systems. Such decisions cannot be. made
without some• understanding of these systems. Ecological
knowledge, in short, should be a fundamental and initial
basis of coastal zone planning and management.

Our own experience with ecologically based development
planning already has shown that in many situations it is pos-
ble to minimize adverse. impacts of development and maxi-
mize developmental benefits if one can understand the natural
systems affected. This kind of understandingx is particularly
important in coastal situations where filling, dredging,. dis-
charging of wastes, mining, obstruction of tidal oir current
flows, or removing of vegetation may generate unforeseen de-
structive effects on highly desirable and useful functions and:
forms of life elsewhere in the system. (Committee on Com-
merce hearin,,s, "Federal Oceanic and Atmospheric Organi-
zation." Pt. 2, serial No. 91 59 at p. 972.)
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Establishment of estuarine sanctuaries will provide information
valuable in itself, as well as inforlnation on which sound coastal zone
management decisions can be based.
Section 314. Interagency coordi.ation and cooperation

Subsection (a) provides that unless the views of Federal agencies
principally affected by a State's coastal zone management program
are adequately considered, the Secretary is not authorized to approve
that program. Where serious disagreement exists between a State and
a Federal agency in the development of the management program, the
Secretary is to seek to mediate the differences. Should such mediation
on the part of the Secretary not result in success, then the parties are
authorized to turn to the Naitional Coastal Resources Board for further
solution of the problems.. Once again final authority for decisions on
these matters rest in the purview of the Secretary and there is no in-
tent here to diminish that authority.

Section 314(b) (1). This subsection requires all Federal agencies
conducting or supporting activities in the coastal zone to administer
their programs consistent with approved State mana gement programs
except in cases of overriding national interest as determined. by the
President. In order to determine whether Federal projects and activi-
ties are consistent with approved management programs, the subsec-C
tion requires that program coverage procedures provided for and reg-
ulations issued under the Demonstration Cities and Metropolitan
Development Act of 1966 (Public Law 89-754, 80 Stat. 1255): and
Title IV of the Intergovernmental Cooperation Act of 1968: (Public
Law 90-577, 82 Stat. 1098) shall be applied.

Paragraph (2) of subsection (b) provides that Federal agencies
shall not udertak.e any development project in the coastal zone which
in the opinion of the State is inconsistent with the management pro-
gram of that State unless the: Secretary receives comments from the
Federal a"encies, the coastal State, and the affected local governments,
and then finds that the project is consistent with the objectives of this C
n~ct.

The committee does not intend to exempt Federal agencies auto-
matically from the provisions of this act.. Inasmuch as Federal agen-
cies are given a full opportunity to participate in the planning process,
the committee deems it essential tha't Federal agencies administer their
pro gyrams. including developmental projects, consistent, with• the
State's coastal zone management program. If not, the ordinary course
for a State would be to file a complaint with the Secretary or, failing
that, with the National Coastal Resources Board. Again,• however,
once the Secretary has received comments from the Federal agencies,
the State. and the affected local uovernments. he shall make his own
fiindings as to the consistency of the Federal developmental:project C

with the State's management program.
Also, where the Secretary of Defense informs the Secretary that a

developmental project is necessary in the interest of national security,
the committee intends that the Secretary will make an independent
inquiry and finding as to the need for the project and its relationship
to the State management program. It is not sufficient, for the purposes
of this act. that thie Secretary of Defense merely inform the Secretary
that the developmental project is needed in the interest of national.

C
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security. All reasonable efforts should be made by the Secretary to
reconcile national security needs and the State management program
in the case of such conflicts.

Paragraph (3) of subsection (b) provides that after final approval
by the Secretary of a State's management program, any applicant for
a Federal license or permit to conduct any new activity in the coastal
zone shall provide in the license or permit application a certification
that the proposed activities comply with the State's approved man-
agement program. Additionally, the applicant must give reasonable
assurance that the activity will be conducted in a maimer consistent
with that program. The State is to establish procedures for pul)lic
notice of such applications for certification. The State also must pro-
vide public hearings when appropriate. If a, State agency fails to
grant or deny a request for certification within 6 months from the
time that request is received, the certification requirements shall be
waived. No license or permit shall be granted until either the certifi-
cation has been obtained or waived, or the activity has been found by
the Secretary to be consistent with the objectives of the legislation or
necessary in the interest of national security. Such a finding cannot be
made,ý however, unless the Secretary has received detailed .1comments
from Federal and State agencies and thi ,• t, has provided an oppor-_
tunity for a public hearing. Thus,[paragraph (3) of section (b) as-
sures that before a Federal license Ar permit is issued to conduct any
new activity in the coastal zone, directly, significantly and adversely
affecting the coastal waters, it will be reviewed by an appropriate
State agency and a certification of compliance supplied. This is done
as both an aid to Federal licensing and permitting agencies and to
insure the development projects are consistent with the coastal State's
manaarement program. Emphasis is placed upon "new" activity. This
activity is after the date of enactment of the legislation. It will thus
he appropriate to distinguish between new activities, such as the build-
ing of a new marina, or the dredging of a new channel, as opposed to
the maintenance of existing facilities or activities begun prior to the
enactment of the bill. p-.,

Section 314(c) provide's that State and local governments submit-
ting applications for Federal assistance under other Federal programs
affecting the coastal zone are required under this subsection to indi-
cate the views of the appropriate coastal State or local aency as to the
relationship of such activities to. the State's approved management
program. Federal agencies shall not approve proposed projects that
are inconsistent with the management program, unless the Secretary
finds that the project is consistent with the purposes of the title or
necessary in the interest of national security. Those who seek Federal
licenses or permits must receive certification that the proposed project
is consistent with the State's approved management program. The
same conditions exist for State and local governments seeking Federal
assistance from other sources. They must indicate also the consistency
of their proposed project with theapproved State program.

Section 314(d) is a standard clause disclaiming intent to diminish
Federal or State authority in. the fields affected by the act; to change
interstate agreements; to affect the authority of Federal officials; to
affect existing laws applicable to Federal agencies; or to affect certain
named international organizations.
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SectiUo 315. Ann-ual report
The Secretary is required to submit an annnual report to the Presi-

dent for transmittal to the Congress not later than November 1 of
each year, covering the administration of the title for the preceding
fiscal year. Among other things the report is to include the Secretary's
recommendations for additional legislation to achieve the objectives
of the title to enhance its effective operation. The report shall include,
but not be limited to, the following subject areas:

(1) There shall be an identification of the coastal State pro- C
grams approved pursuant to this title during the preceding Fed-
eral fiscal vear and a description of those programs;

(2) The Secretary shall list the coastal States, which are par-
ticipating in the provisions of this title and describe the status of
each proggram and what has been accomplished during the past
fiscal year; C

(3) The Secretary shall itemize the allotment of funds to the
various coastal States and give a breakdown of the major projects
and areas where these funds have been spent;

(4) The repoit also shall identify any coastal State, programs
which have been viewed and disapproved or with respect to which
grants have been terminated under this title and an explanation C
of why the action was taken;

(5) A listing of the Federal development projects which the
Secretary has reviewed under section 314 of this title and a sumn-
mary oA final action taken by the Secretary on each such project;

(6) A summary of the regglations issued by the Secretary or in
effect during the preceding Federal fiscal1 year; and

(7) A sumninary of outstanding problems arising in the admnin-
istration of this tit.le in order of priority.

Additionallv. the Secretary may put in any other information as he
deems appropriate. Throughout this act, the Stste has been the major
focal point for planning and managing the coastal zone of the United c
States. It is felt that States do have the authority with the approval
of the Secretary to delegate to local, areawide or interstate agencies
some of the p'larniiig andi management functions under this act.::.

In theory this. legislation could result in 835 substantially different
mana.geme"t programs lacking the coordination of a nationa.l strategy
for managing this invaluable resource in the coastal zone. The Com- C
mittee believes that one of the important functions of the Secretary
will be to develop and to coordinate this strategy working closely with
the Coastal Zone Management Advisory Committee. Therefore, it is
hoped that the Secretary will work closely with a wide range of
diverse interest and interested groups both on the local and state level.
The result of such work are to be incorporated in the anmual report C
and will serve to assess current status and to guide future decisions.

Section 315. Ajppropriations authorization
There are authorized to be appropriated (1) $12 million for the

fiscal year ending June 30. 1973. and such sums as may be necessary
for the fiscal years thereafter prior to June 30, 1977, for management c
program development grants under section 305 of the Act, to remain
available until expended; (2) not to exceed $50,000,000 as may: be
necessary for the fiscal year ending June 30, 1973, and such sums as

(
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AUGUST 17, 1973.

MEMORANDUM OF THE CHAIRMAN

To MEMBERS OF THE JOINT COMMITTEE ON ATOMIC ENERGY:
The Joint Committee on Atomic Energy has long considered it

essential to have a capability to assess continually the overall national
and world energy picture. The Atomic Energy Act provides the AEC
with the statutory authority, and the Joint Committee with the
Congressional "watchdog" responsibility, for the conduct of research
and development in both civilian nuclear power and non-nuclear
energy. The Joint Committee, therefore, must have general informa-
tion on all energy matters in order to evaluate properly research
priorities and other aspects of the Commission's civilian nuclear and
non-nuclear energy programs.

Several months ago I requested that the JCAE staff consolidate
current energy related data and develop an "energy display" system
which, in less than an hour, could give an extremely busy person an
understanding of the size and complexity of our national energydilemma. An additional objective was to develop a display system
that would permit the Members to see the potential results of various
research and development programs. Utilizing this system, a Member
could also evaluate with appropriate perspective the merits of proposed"solutions" to our energy dilemma that are continually being sub-
mitted to the Congress.

This Joint Committee print is a revision of an earlier one issued in
May 1973, entitled "Certain Background Information for Considera-
tion When Evaluating the 'National Energy Dilemma.' " Both prints
describe the energy display system developed and give complete
instructions for its use.

As in the earlier print, one of the "options" or "exercises" is de-
veloped to illustrate how the display system can be used. It does not
represent a specific prediction or proposal of the Committee or of the
staff, and the described "option-exercise" in no way constitutes rec-
ommendcations. It is described to enable the reader to understand
completely the utilization of the suggested systems.

Several comments that we have received concerning the initial print
of May 4, 1973, suggested that it would be helpful if we would provide
a general display of our overall national energy "supply/demand"
over a longer period of time. This enables a reader to gain a better
understanding of where the United States stands with reference to the"era" of relatively cheap and available domestic fossil fuels and the
next "era"--one requring an ever increasing supply of non-fossil
energy sources and imported energy sources. I, therefore, requested
that our staff prepare the last chart in this booklet. In addition, certain
technical changes were made to the charts and text. Otherwise, a
reader with access to both the original print and this revised version
will find the material quite similar.

(1)
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You will notice that I have requested that the material be presented
in a "narrative" form. It is designed to serve as a general reference
document for those interested in energy matters. While this print has
been prepared primarily for the use of the Joint Committee on Atomic
Energy, I welcome its broad discussion and use by the Congress,
Administration, and the public as a whole.

MELVIN PRICE, Chairman,
Joint Committee on Atomic Energy. c
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UNDERSTANDING THE "NATIONAL ENERGY DILEMMA"

I. INTRODUCTION

The United States with about 6% of the world's population is now
consuminug over 35% of the. planet's total energy and mineral pro-
duction. The average American uses as much energy in just a few
days as half of the world's people on an individual basis consume in
one year. This Nation has literally been developed without any sig-
nificant restrictions due to lack of energy or mineral resources. How-
ever, we now see ever increasing indications of the fact that the United
States cannot long maintain the growth rate of recent years in our
energy consumption without major changes in our energy supply
patterns.

The complexity of the energy problem has made it imperative that
concise communication systems be developed so key people in the gov-
ernment can rapidly grasp the various aspects of this energy dilemma.
One excellent communication technique is a visual display to enable
decisionmakers to see the complexity of our present energy dilemma
and the impact of various options that the United States has for deal-
ing with its energy problems. This Joint Committee print describes
such a device and system and shows how it can be used to display
graphically the subject material.

II. SUMMARY

The staff of the Joint Committee on Atomic Energy has developed
a graphic presentation which enables a person (who is not necessarily
an energy specialist) to obtain a reasonable understanding of the broad
problems, scale and comjplexity of our energy dilemma in about an
hour. In addition, a method has been devised for visually displaying
projected future effects of various energy policies on our domestic
energy situation.

III. DESCRIPTION OF 'ENERGY DISPLAY"

The staff has developed an "energy display" system that is made up
primarily of transparent plexiglass sheets, one series of which has the
total energy flow pattern for certain years displayed to scale and an-
other series of sheets, installed at right angles, showing "cross plots"of certain information as each item evolves through the years. This
particular device contains no information that has not been available
to the public but is unique in its method of presentation. The data
displayed are based on past history for the years of 1950, 1960, and
1970, and projections for 1980 and 1990, most of which has been pub-
lished by the Lawrence Livermore Laboratory based primarily on
information released by the Department of the Interior and the
National Petroleum Council.1

6See Appendix: Ref. 1 and Re. 2.

(3)
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The best way to understand the device described in this committee
print is for the reader to open the designated "Fold Out" (when sug-
gested) and then follow its description in the text. The various fold-
outs are located in the rear of this publication.

The energy "unit" used in the display system is that of a million
barrels per day of oil equivalent. The reader must fully understand the
conversion of all energy values to barrels per day of oil equivalent
(B/DOE). We chose to use the scale of barrels of oil equivalent 2
to try to make the situation more understandable to the layman, and
also because imported oil, usually measured in barrels, is rapidly be-
coming a major factor in our national energy dilemma. We make these
conversions by calculating the energy that would be produced from the
various energy forms and then converting those numbers into the
number of barrels of crude oil that would have to be used in order to
obtain the same amount of energy. For instance, we have taken the
tons of coal burned for a particular use and calculated the barrels of
oil that would have to be burned in order to obtain the same amount
of heat.

In order to give the reader a better concept of the magnitude of the
"units" the following table lists several well-known items and converts
their productive or hauling capacity to oil equivalents.

TYPICAL "OIL EQUIVALENTS"

Location Energy form (Million) B/DOE

Total, State of Texas --------------------- ; ......... Oil production --------------- 3.5 and deciining(end 1972).
Total, State of Louisiana ----------------- -------- Gas production ......... 4.2 (end 1972.) @.
Total, State of California -------------------. 0 production---------0.9 and declining (end 1972).
Total. State of Pennsylvania ---------------- Coal production---------0.9 (end 1972).
Total, State of West Virginia-------------------do--------------1.4 (end 1972).
Hoover Dam ---------------------------------------- Electric capacity ------------- 0.02.

- Total U.S. nuclear power ----------------------------- Generate electricity-. 0.3 (end 1972).
Large supertanker ---------------------------------- Oil per load-----------1.5 (per voyage).
Alaska pipeline (Valdez)-.... ............ Oil transportation ------------ 1.5 (projected).
Total U.S. demand ----------.-------.------ All ------------------------- 36.0 (early 1973).

C

It is also important for the reader to become familiar with an energy
flow pattern for the United States during a period when the system
was relatively simple. Though the pattern for 1950 would be good for
this purpose, the proportional factors involved are too small to render
to scale with complete legibility in this study. Therefore, the total c
energy flow pattern for the year 1960 will be used instead as the basic
example.

TOTAL ENERGY FLOW PATTERN (1960)

Open Fold Out "B." This is a chart of our national energy flow pat-
tern as it actually existed in the year 1960. All the information shown c
has been reduced to the same scale and converted to the same "unit"
described above. The "unit" (Million B/DOE) is shown in parenthesis
after each particular item being described to assist the reader in
identifying the exact portion of the chart the reader should be
following.

2 See Appendix: Conversion Tables. C
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OIL (1960)

Start by observing the lower left-hand of the chart. Observe that
the total U.S. oil supply (9.7) in 1960 consisted of oil from domestic.
sources (7.8) and oil from imports (1.9). Then ignoring, for con-
venience' sake; the various flow patterns through such as petroleum
refineries, notice the small amount of oil (0.3) shown to havebeen used
in the generation of electrical energy. NekY, 60rte how the U.S. exported
some oil (0.2) in the form of petroleum products; utilized a considerable
amount (2.0) in the "residential & commercial" end use (about 75%
single dwelling and the remainder apartment houses, offices, shopping
centers, etc.); considerably less .(1.3) in "industry" (iron and steel
auto manufacturing, etc.); even less in "non-energy" (0.8) uses

(manufacture of fertilizers, plastics, paints, etc.), and used the largest
share of our oil (5.0) in the "transportation" sector (autos, planes,
trains, etc.).

COAL (1960)

Now-looking back to the left of the flow pattern, the reader will
see that in 1960 total domestic coal production was less (in heat
equivalent) than oil or gas. This coal production was equivalent to
about 5.3 million barrels of oil per day. A large amount of coal (2.0)
was used to generate electricity-in fact, more than half of the Nation's
electric energy in 1960 was generated by burning coal. A relatively
small amount (0.5) was exported-primarily for metallurgical pur-
poses to Europe and Japan. About the same amount of coal (0.5) was
used, primarily for heating purposes, in the "residential & commer-
cial" end use, and only a trace (0.1) was used in "transportation"
(we still had some coal-fired railroads operating in 1960-mostly in the
West and in freight service). The largest single use of coal (2.3) was
in the "industrial" sector-iron and steel production, etc. Also notice
we used some coal (0.1) in the "non-energy" sector.

GAS (1960)

Now back to the left of the chart, the reader will notice that the
country's. total gas supply (5.9) was composed of domestic sources
(5.8) and only a trace (0.1) of imports. Some gas (0.8) was already
being burned under boilers to produce electric energy. A great deal
of gas (2.0) was utilized in "residential & commercial" end use, and
the largest single use (2.8) went to the "industrial" sector-note that
in 1960 industry already received more energy from gas (2.8) than
from coal (2.3). Some gas (0.2) was used in the "non-energy" sector.
A small amount of gas (0.2) was used in the "transportation sector-
primarily as energy to operate pipe lines.

HYDROELECTRIC (1960)

Back to the left of the chart, the reader can see that the Nation's
final "suppl " contribution in 1960 came from hydroelectric power
(0.3). The jUnited States had no significant production of energy
for nuclear, geothermal, or other energy sources in the year 1960.
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ELECTRICAL ENERGY (1960)

Next, the reader should look about a third of the way over in the ec
top of the chart in the region indicating the "form of use" of energy
and notice that the total "unit" input (3.4) into "electrical energy
generation" for the year 1960 consisted of oil (0.3), coal (2.0), gas
(0.8), and hydroelectric (0.3). The Nation lost, in our conversion
process from heat to electricity, almost two-thirds (2.3) of our total
input into our electric generation system. This loss is shown as "con-
version losses." Such losses are not unusual. For example, the maximum
conversion efficiencies in conventional steam electric plants is about
40percent.

About half of the actual electricity generated was transmitted to
the "residential & commercial" (0.5) end use, and slightly more (0.7)
was utilized by the "industrial" sector.

Notice that in the year 1960, we could not even draw a "flow" C
line indicating electricity use by the "transportation" sector-our East
Coast electrified railroad grid and the various electrically driven mass
transportation systems did not utilize enough electricity during 1960
to be represented on this flow pattern.

END USE "EFFICIENCIES" (1960) C

If the reader will examine the efficiency with which each "end use"
sector converts the total energy supplied it to useful work, he can
complete the flow pattern for 1960. Notice that the least efficient user
was the "transportation" end use sector. This sector, with an input
from oil (5.0), coal (0.1), and natural gas (0.2) for a total of (5.3), @ -
lost or rejected over 75% (4.0) of the total heat energy supplied to it.
Accordingly, only about 25% (1.2) was actually converted to useful
work moving our autos, trucks, trains, aircraft, and ships. This alarm-
ingly low "efficiency" is primarily the penalty that we pay for the
methods we use to obtain our mobility.

The "industrial" sector in utilizing its total input (7.1), lost about
30% (2.1), while effectively utilizing almost 70% (4.9) of the total
energy supplied to this sector in the form of oil, coal, gas and electricity.

The "residential & commercial" sector took its total input (5.0) and
lost about 30% (1.5) while utilizing nearly 70% (3.5).

Finally, if the reader will examine the overall efficiency of the system
in 1960, he will notice that the total losses, or "lost energy," were
made up of the "conversion losses" (2.3) from electrical generation
and the osses from the "residential & commercial" (1.5), "industrial"
(2.1), and "transportation" (4.0) sectors, for a total of 9.9 "units"
rejected during the year. Our useful energy was made up of that
actually utilized in "residential and commercial" k3.5), "industrial"
(4.9) and "transportation" (1.2), for a total of 9.6 "units" of energy
in the year 1960. We actually lost about 51% and utilized slightly over C
49% of the total fuel energy consumed in this country.

(NOTE: On occasion the numbers on the displays will appear not to
total correctly. This is due to the large numbers of mathematical
conversions made and to "rounding off".)

0
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ENEIRGY FLow PATT3EN (1950)

Keep Fold Out '"" extended so it can be referred to, and pull out
Foid Out "A". This is a chart of the energy htow pattern of the United
States in the year 1950. Notice that the physical size of the chart,
along the vertical scales, indicates that the total energy consumption
patterns in the United States in 1950 were already about 75 percent
of what they became by 1960.

The main purpose for displaying the energy flow pattern for 1950 is
so that the reader can see the relatively small amount of energy con-
sumption in the decade of 1950 to 1960 as compared to the consump-
tion patterns that the United States has sustained since that time.

ENERGY FLOW PATTERN (1970)

Fold in "A" and "B" and then open Fold Out "C". This is a chart of
the energy flow pattern of the United States as it actually took place
in the year 1970. The display for this year is again to the same scale as
that used for 1950 and 1960. Notice the overall growth of the energy
factors. The reader need not go through as much detail for the year
1970 as he did for 1960, but there are certain major points of interest
that should be noticed.

The decade between 1960 and 1970 will probably be noted for two
things-first, it was the decade of a massive expansion in the use of
natural gas, and, second, it was the early stages of the "take-off" in the
United States move toward greater use of electricity. While oil use
increased just under 50% (from 9.7 to 13.9) and coal increased slightly
over 40% (from 5.3 to 7.4), the use of natural gas almost doubled
(from 5.9 to 10.7).

Notice to the top and left of the diagram where under the "supply/
demand" portion for the first time one can draw lines representing
nuclear (0.1) and geothermal (0.003) energy.

Electric energy more than doubled in that decade (from 3.4 to 7.1).
For the first time one could show an electric use (0.007) flowing from
the "electrical energy generation" section to that of "transportation."

Other things to note are the disappearance of coal in the transporta-
tion sector, the major decrease of coal in "residential & commercial"
end use (down to 0.2 in 1970 from 0.5 in 1960), and that significant
natural gas (0.3) and coal (0.1) was bein used in the manufacture
of "non-energy" products (mostly for fert ilier and plastics).

To the extreme r'ght of Fold Out "C", the reader will notice that
"lost energy" (14.7) for 1970 was actually slightly less than the
"used energy" (15.0). The efficiency of our National overall energy
conversion for the year, 1970 and 1971 may well turn out to be the best
for many dec:des. The United States used about 50.5% and lost about
49.5%. These were the last years of the relatively efficient high com-
pression automotive engines which required tetraethyl lead in gaso-
line. Also, the Nation had not embarked upon efforts to "clean up"
the internal combustion engine or electric power production facilities
with the resulting penalty to fuel consumption efficiency.
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ENERGY FLOW PATTERN (1980)

Fold in "C" and then open Fold Out "D". This is a chart of the eC
national energy flow pattern as projec~ee for the year 1980. These
particular projections are based upon the National Petroleum Council's
and the Department of the Interior's work, 8 as interpreted by the
Lawrence Livermore Laboratory. The reader should bear in mind
that while the Nation is less than a third of the way from 1970 to 1980
calendarwise, it is already basically committed to what its energy use C
patterns will be in 1980 (barring major changes in the national or
international area). There are many reasons for the high degree of
confidence in the predictability of 1980. For instance, the Nation has
already ordered a large part of the electrical capacity that can be
functioning commercially by the year 1980; it has already ordered
every major rail-based mass transit system that can be functioning by C
1980; and the public still continues to commit the United States to an
ever increasing number of automobiles with their known poor energy
consumption patterns.

Notice how projections shown on this "fold-out" anticipate that
almost 50% (10.0) of our oil requirements will be imported, and
slightly over 50% (11.5) will be from domestic sources. This, of course, C
is a massive increase in imported oil from 1970 (3.5). Also notice that
by 1980 the impact of nuclear energy should become a very significant
factor in the overall U.S. energy picture.

The reader should notice the projection for the first coal gasification
plant-it is represented about one-third of the way through the por-
tion of the diaam depicting the flow of energy from coal and is
shown as a "coa -gas project With an input of 0.2 units, a useful con-
version of a prxmtely 0. 13 units into gas, and a conversion loss of
0.07 units that is lost as rejected energy.

Finally, of note is the deterioration in the Nation's efficiency of
converting and utilizing energy. Anyone who has a full-size 1973
automobile is aware of the effects of attempting to clean up the internal
combustion engine-many similar moves are being made in an effort
to improve the environment, or accomplish other desirablegoals, with
a resultant increase in energy consumption due to decreased efficiency
of energy conversion. For example, our continuing move to generate
electric power in less polluting ways adds to these energy losses.

ENERGY FLOW PATTERN (1990)

Fold in "D" and open Fold Out "E". This is a projected energy
flow pattern for the calendar year 1990. The projections necessary
for developing this energy flow pattern are a very crude "average" of
those made by several sources. Again, the Lawrence Livermore Labora-
tory compiled the majority of the basic information. The reader must
understand the great uncertainty of projections a decade or so in ad-
vance and also should consider that a majority of the information used
is supplied directly by the industries involved. The United States
Government does not have the facilities for a completely independent
evaluation of certain of our various resources.

a See Appendix: Ref. 1, Ref. 2, and Ref. 3.
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As a country, we might be able to make some significant changes in
our supply and use pattern by the year 1990, but again, as is the case
through the year 1980, these chanpes cannot be made as quickly and as
easily as many people think. Indications are that unless drastic and
immediate action is taken on several fronts, our reliance on imports of
energy will actually be greater than indicated on the Fold- ut for the
year 1990 even assuming the supplies and demands of the other
nations of the world will continue to be compatible with out national
energy requirements.

There are several items that the reader should note on this particular
energy flow pattern. In the area of "supply/demand" one can see that
imported oil has been projected to far exceed that anticipated from
domestic sources. Also note the first real impact of oil from shale and
a larger growth of gasification of coal is projected. We should be
operating liquid-from-coal plants by that time and have several oil-to-
gas projects in being. Our Nation's use of coal should continue
expanding quite rapidly assuming we are able to solve mining and
sulfur-related environmental problems. For the first time the reader
will notice the anticipated significant dependence on imported natural
gas (4.0 units out of a total of 12.0 units) mostly in the form of LNG*
and SNG. In 1990, the continuing growth in the electrification of the
United States is noted, with about a 6% annual increase in fuel require-
ments for the generation of electricity. The increase in electrical
generation plus our anticipated continuing increase in transportation
uses (as much as 3,%% per year) will result m an increase in the overall
conversion losses to almost 55% (35.0 units out of a total of 62.8 units).
The efficiency in our overall use of eaergy is expected to drop from a
peak of slightly over 50% in 1970 to about 45% by the mid 1980's or
1990.

[Fold in "E".]
RECENT GRowTH PATTERNS

A comparison of Fold Outs "A", "B", "C", "D", and "E", reveals
important trends in certain energy factors. Keep in mind that all
charts are drawn to the same scale so the actual dimensional changes
represent the growth patterns in this country in a period of forty
years. Using the same display technique, one would indicate a total
energy flow pattern immediately after World War I about 45% the
size of the one for 1960. A chart representing the flow patterns for
1940 would be about 53% the size of the one for 1960, and the one for
1950, shown on "A", would be about 75% the size of the one for 1960.
Somewhere in the mid-1950's the United States "took off" on its
energy consuming growth which laid the foundation for much of our
energy dilemma. The graphical data projects a six-fold increase in
electric generating capacity fromthe year 1960 to 1990 (3.4 "units"
of supplied energy in 1960 up to at least 22.5 units in 1990). Trends
indicate that from the year 1970 through about 1982 or 1983, the
United States will use as much oil and gas as it had used from the
beginning of its history until the year 1970. To compound the problem,
much of the rest of the world itself now has energy consumption pat-
terns that are growing at a faster rate than our own. It now appears
that the world as a whole will use as much energy from all forms

L*lquid Natural Gas (LNG) and Synthetic Natural Gas (SN0).
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between the period 1970 until the year 2000 as it did from the start of
mankind until 1970. It is this massive growth in the use of fossil energy
fuels that has mainly created the "energy dilemma" which exists in
the United States and throughout the world.

(Fold in all material.]

OTHER USES FOR "ENERGY DISPLAY"

A device for displaying the various energy factors as has been de-
scribed can be useful in planming our national energy research and
development programs and our tax and production incentive policies,
etc., by showing the overall impact of specific recommendations for
improving our utilization and conservation of energy. As an example
of the usefulness of the device, we will examine the effect of fully
insulating all of the homes and buildings in the United States by 1990
on the amount of imported oil the Nation would require.

In order to evaluate this proposal, the reader should open Fold
Out "E" and start with the "residential & commercial" end use (14.5
units) item. Assume that 60% of this total applies to space heating and
cooling of homes and buildings. The heating and cooling requirements.
would therefore impact a maximum of 8.7 units. If we were to insulate
fully and successfully every structure in the United States by then,
we would probably reduce the heating and cooling load by a maximum
of 20% (new structures may be improved as much as 40%, but many
old units could only be improved 10%). Our total savings would there-
fore amount to approximately 1.7 units during the year 1990. If one
were to assume that all of this saving would result in a reduction of oil
use into residences and commeial structures (3.1), then we would
apply the 1.7 savings to our anticipated imports of 18.0 units and
would therefore have an overall savings in our oil imports of just
under 10%. In light of the interchangeability of energy for heating
and cooling, particularly when one considers energy converted to the
electrical form, it may be appropriate to evaluate the impact of the
savings of 1.7 units due to insulation relative to our total estimated
needs of all energy forms in 1990, which is indicated to possibly be
about 68.5 units. The 1.7 units would therefore result in a savings of
about 3%.

Bear in mind that the energy display device is not designed to eval-
uate the capital cost of the proposed "solutions" to our energy di-
lemma-that must be done independently. The example of the impact
of insulating homes and other buildings may appear to be discourag-
ing in its evaluation if capital costs are considered. This is not to
suggest that we do not increase the insulation in structures-such ob-
viously is desirable to the extent that we can afford it. This example
should serve to point out, however, that no single approach of this C
nature is going to solve our energy dilemma all by itself.

[Fold in "E".]

CONSTRUCTION OF "CROSS PLOTS"

Now if the reader would visualize "intersecting" the energy flow C

patterns for each year with "cross plots" at right angles in the four '
areas indicated on Fold Out "A", one could construct "cross plots"

C
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or graphs showing the changes in "supply/demand," "form of use,"
"end use," and "efficiency" over the years from 1950 through 1990.

Now pull out Fold Out "F." It is a sketch of how this is done
mechanically. Visualize standing up each of the four "energy flow
patterns" that have already been examined, and space them with a
proportionate distance between each for the years represented. The
sketch on Fold Out "F" shows how the "efficiency" plot would be
prepared.

[Fold in all material.]

CROSS PLOT-"EFFICIENCY"

Pull out Fold Out "G." This is the "efficiency" cross plot resulting
from the construction process just described. The reader can relate
this efficiency curve, for example, to that part of Fold Out "D", where
in 1980 the rejected energy (or loss) was 23.3 units and the useful
energy was 19.9 units and the total consumption was thus 43.2 units.
The reader may see how one can then take the information presented
on these various cross plots and convert it to whatever form is wanted.
For example, one could convert the "units" shown on the "efficiency"
cross plot to approximate percentages and present the information as
in the following table.

Total energy

to consumer
(units) Percent used Percent wasted

Year:1955....................................................1I6. 2 48. 7 51.3$1960 --------------------------------------------------------- 19.5 49.2 50.8
1965 --------------------------------------------------- 2. 50.4 49. 6 0.1965 ----. w....................................... -..... "........ . 24. 0 50. 4 49. 6
1970 --------------------------------------------------------- 29.7 50.5 49.5
1975 --------------------------------------------------------- 36.3 46.8 53.2
1980 --------------------------------------------------------- 43.2 46.1 53.9
198•5 ------------------------------------------------------- 52.0 45.1 54.9

CRoss PLOT-"END USES"

Now fold in all charts in use and pull out Fold Out "H." It is a cross
plot intersecting all of the annual energy flow patterns where indi-
cated as "end uses" on fold out "A" (Energy Flow Pattern-1950).
This one shows the growth over the years of the energy uses in the
various sectors of the national economy. For example, notice how
"transportation" has grown from 5.3 units in 1960 to 12.0 units in
1980. Notice how "residential & commercial" has grown from 5.0 in
1960 to 9.9 in 1980. Transportation almost triples in that period, while
the residential and commercial sector will not quite double.

CRoss PLOT-"FoRM OF USE"

Put away "H" and open Fold Out "I." This cross plot is con-
structed so that the reader can see changes in the "Form of Use" of
energy as it is made available for consumption by the consumer. Our
liquid use (primarily oil) will have grown from just under 10 units
in 1960 to over 19 units in 1980. Generated electricity will go from 1.2
ullits in 1960 to about 4.9 in 1980. This chart should give the reader
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an idea of the massive requirements we have facing us for the handling
of these various forms of energy. For example, handling fuels in liquid
form will require pipelines, tankers, import terminals, refineries, etc. ec
Handling fue s in solid form normally requires railroads. Our massive
electrification efforts will require large investments in generating
plants, copper and aluminum wires for transmission, distribution, etc.

[Fold in "I."]

CROSS PLOT--"SUPPLY/DEMAND" C

Open Fold Out "J." This is a "supply/demand", or S/D, curve that
is drawn by intersecting all of the annual energy flow patterns at the
left hand side of each diagram. In the resulting chart we have changed
to cross-hatch patterns on the imported oil and gas so that the reader
can more readily distinguish imports from our domestic sources. The C
reader can review how this cross plot was constructed by comparing
certain of the numbers shown vertically on the "S/D" cross plot with
those on the left hand side of the appropriate years on Fold Outs "A"
through "E."

[Fold in "J."]

It was found desirable to include a series of energy supply/demand
charts in which oil and gas fuel imports are combined to indicate the
total deficiency in our domestic supplies of energy. The following
sections describe these charts.

"SuPPLY/DEMAND" CHART (FROM "ENERGY DISPLAY")

Open Fold Out "K". This chart is constructed by taking the informa-
tion shown on the "supply/demand" cross plot and eliminating the
blank spaces between the different sources. The rise shown in the
domestic oil in the lower right hand part of the graph would be from C
Alaska oil if such were to be brought into production by 1977.

"SuPPLY/DEMAND" CHART (1960-1985)

Now fold back "K" and pull out Fold Out "L". This particular chart
is basically the same as the one the reader has just examined. How- C
ever, in this chart the "imports" of both oil and gas and their products
are now moved to the top and labeled as "imports and/or shortages."
We have added the word "shortages" because the inflexibility of the
supply system could result in shortages if we are unable to obtain the
necessary imports for any reason.

The area marked "surplus oil," is a display of the spare productive C
capacity that Texas, Louisiana, and Oklahoma had once been thought
to possess. Estimates of this item vary a preat deal depending upon
when they were made. Recent evaluations of such "surplus" capacity
are lower than ones made years ago. It is shown so that one can see
how the combination of all of our "fossil fuels" (oil, gas, coal and "sur-
plus oil") has actually resulted in a fairly predictable total over the
years. Our present problems have not simply shown up overnight-we
had some indication several years ago that they would develop.*

' See Appendix: Ref. 4.

* See $oint Committee on Atomic Energy hearings, "Development, Growth, and State of the Atomic
Energy Industry", February and April 1968.
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The reader should recognize that the rojections shown for imported
fuels required are considerably larger than those made as recently as
two years ago. The total energy demand is projected at over a million
barrels a day greater by the year 1980 than was earlier estimated for
that period in data compiled in early 1971. Nuclear plants are also
falling. 15% or so behind what was anticipated as recently as 1971.
Our slhppage in nuclear in the year 1980 alone will require well over
one-half a million barrels per day of oil equivalent. If such is replaced
by imports (and even if we could buy it for its present price of about
$4.00 a barrel) it will result in a foreign exchange loss of almost one
billion dollars during that one year alone. (See page 18 for information
on how nuclear power growth estimates have increased with time.)

This estimate is based on a shortfall of 18,000 megawatts of nuclear
capacity in the AEC's goal of 150,000 megawatts by 1980. The. delays
are being incurred primarily by matters relating to the licensing of
nuclear powerplants and problems in meeting the exacting quality
requirements of this new industry.

This particular chart underscores the massive nature of the problem
facing the United States with reference to importing crude oil, petro-
leum products, and gas. For instance, it now appears that our actual
cost for imported fuel in 1972 resulted in an outflow of at least $7.5
billion, offset with a return of somewhat over $3.5 billion from divi-
dends, etc., of the multi-national companies involved in overseas
energy operations. Projections based on this chart indicate that in 1973
our energypurchases from overseas will probably exceed an outflow of
$9 billion. In 1975 it will probably exceed $13 or $14 billion. By 1980
the purchases will approach a minimum of $20 billion, and by 1985
at least $30 billion. These numbers are based on the precarious assump-
tions that oil, gas, and petroleum products will still be sold to us at
today's prices and that it will be readily available to the world in such
massive quantities.

A recent article in the New York Timem 1 quotes recent projections
of Ford, Bacon and Davis, Inc., in which they expect over $14 billion
will be the deficit costs for oil imports during 1975, $30 billion by 1980,
and $54 billion by 1985. This particular article.goes on to comment:

"The projections are fantasies. Long before 1985, such import
needs will bankrupt America, eliminating us as a customer."

A publication just released by one of the major international oil
companies 6 projects that the range of costs of U.S. oil imports in the
year 1985 will range from at least $30 billion per year to as much as
$70 billion per year

[Fold in "L".J

This concludes the description of the "energy display" system and
its associated charts. We would like to emphasize again that -the
material thus far presented has not been new. We have simply altered
the method of displaying information hoping that it will be easier to
understand.

ISee Appendix: Ref. 5.
, See Appendix: Ref. 6.
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IV. DESCRIPTION OF DISPLAY TECHNIQUES FOR LONG-
RANGE "OPTION-EXERCISE" PROJECTIONS 10C

The need for a technique of presenting lo-range projections and
for providing a device that will assist in evaluating possible options
in meeting United States energy needs is obvious.

Despite all of the recognized dangers in making long-range projec-
tions, we consider it essential to extend energy estimates to at least
the year 2000. C

The first reason for this is the very nature of many research and
development projects that are constantly before Congress. Many of
these projects have lead times of decades before they will really
impact the American energy picture.

The second reason for such projections is not as immediately ap-
parent. It has to do with the very thrust of what may be the only real C
direction for America to go with its future energy strategy. The Nation
is actually finding itself in the "twilight" of the fossil fuel age. We
have uses the cream of our oil, gas, and coal resources as one of the
basic building blocks of a technical and industrial society the likes
of which the world has never seen. We will now have to use our techni-
cal capacity to carry ourselves into the next "age," or "era." We can C
make this transition primarily by buying time through the next few
decades through accelerated uses of our remaining domestic fossil
resources (particularly coal, oil, gas, and oil shale) and by conserving
and using our energy more wisely. The degree of determination of the
Nation to do these things--our obvious moves toward development
of new sources, our energy conservation programs, the pice we're
willing to pay (both in do lars and environmentally) for accelerating
uses of domestic fossil sources, etc., can help produce the strongestposture for our Nation as it faces the energy dilemma.

"GUIDANCE" REQUIRED
C

Open Fold Out "M", entitled "Guidance" Required. The approach
we are utilizing involves estimating "demand" lines through the year
2000 and then subtracting from each the maximum amounts of "in-
ports &/or shortages" that the Nation's economy can tolerate. These
are the two general but basic guidlines that must be delineated by our
Government in order for technicians and engineers to "exercise" the C
various options concerning domestic energy sources that are available
for filling the domestic energy requirement.

[Fold in "M".]

FORECAST OF ENERGY DEMAND TO YEAR 2000 C

Open Fold Out "N". This chart displays several of the more recent
appraisals of the Nation's energy demand through the year 2000.7
There are several other recent projections that call for even larger en-
ergy consumption than those shown on this chart but in order for
such to take place, it would require a massive commitment to the all
but total electrification of the Nation.

' See Appendix: Refs. 3, 6, 7, and & e

C
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The reader will notice that the Nation is now using the oil equiva-
lent of about 36 million barrels per day. This is very close to the
"high forecast" as shown on Fold Out "N". If the Nation con-
tinues on its present growth rate decreased by one-tenth of 1%
every decade, we would reach an energy "demand" of almost 120 mil-
lion barrels per day oil equivalent by the year 2000. The predominance
of recent projections appear to estimate that the United States will
require at least 95 million barrels per day oil equivalent by the year
2000. Historically, particularly over the past two decades, forecasters
have consistently underestimated the growth of energy requirements
in the U.S. The chart shows a population curve to give the reader
an indication of the continuing relationship between population and
energy use in the United States.

In an effort to be on the conservative side of these estimates, the
committee staff has carried out several "option-exercise" projections
starting with low "demand" curves. Six of the exercises are based on
87.5 million Barrels Per Day Oil Equivalent (B/DOE) by the year
2000, and two on the low number of 82.0 million B/DOE for the year
2000. One such "option-exercise" will be described later in this print.
The reader should understand that the committee is in no way recom-
mending that the "demand" for energy in the U.S. be curtailed to
such a degree-it is fully aware of the requirements for energy to
support our way of life, our jobs, and our national security. The low
numbers were used for energy "demand" in order to reduce the ap-
parent requirements for "total domestic sources" to a minimum.

[Fold in "N".]
The second "guidance" required before the "options" can be "exer-

cised" intelligently is that of estimating the maximum imports of oil,
petroleum products, and gas that can be tolerated. Attempting to
eliminate imports altogether is probably unrealistic and would also
compound the energy problems of the Northeastern section of the
Nation. It may also complicate our national efforts to encourage
orderly energy developments on a worldwide basis.

The "exerclises" of the display system have been made assuming an
"imports &/or shortages" area of approximately $20 billion per year-
again assuming the cost will remain constant and that imported fuel
will be available to the Nation. This approach calls for the leveling out
of the rate of imports at about 12 million barrels per day of oil
equivalent.

The reader can now see how the "guidance" requirements shown on
Fold Out "M" have been tentatively defined so that various estimates
and options may be exercised concerning our domestic energy sources.
If the selection of total demand and of the maximum amount of fuel
Imports that it is judged the Nation can tolerate is of a magnitude
similar to that discussed above, a major effort in almost all of the
various domestic energy sources will be required

OPTIoN EXERCISE 7-A

Open Fold Out "0". This is a chart of one of eight different displays
prepared of our national energy situation through the year 2000. We
have selected Option Exercise 7-A to explain the method of presenting
such data. This particular exercise is one that appears to have a rela-
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rive balance in the degree of determination used in trying to assemble
the required domestic energy supplies. It should be emphasized agin
that these displays in no way constitute actual proposals from the Joint 18c
Committee or its staff-the chart is shown primarily to illustrate the
method of presentation developed and to give the reader an indication
of the complexity and magnitude of the energy dilemma in the United
States. The reader should recall that this particular display starts with
the assumption of a depressed "demand" requirement which is over
25% below what would result by the year 2000 if the Nation were to c
continue its current growth rates in energy use. This particular display
also includes an acceptance of a magnitude of "imports &/or shortages"
which appears to exceed what is considered desirable by many con-
cerning themselves with the financial security and stability of the
United States.

If the reader will then start at the bottom of the chart, general in- C
formation will be presented on each of the various domestic sources
which was considered to meet our energy needs.

"Lower 48 oil." This option considers domestic oil production in all
the States, except what may be available from the Alaska North
Slope. This is being done in an attempt to help decrease some of the
misunderstanding that usually follows when an evaluation impacts C
the North Slope Alaska production at an early stage of an analysis.
The United States is probably capable of predicting domestic oil
production with about an 80% or 85% accuracy for a decade or so.
The oil industry has a broad based experience in anticipating rate of
"finding," numbers of "dry-holes," cost of production, etc. The
industry is a mature one technically capable of immediately carrying
out a program for the maximum production of oil from our domestic
resources. "Option Exercise 7-A" is targeted for a major, but not
necessarily a maximum effort to strengthen domestic oil production.
This option assumes at least a 50% price increase in domestic crude,
immediate development of known off-shore deposits (Santa Barbara
channel, for example), a major increase in off-shore operations in the C
Gulf of Mexico, outer continental shelf operations off the East Coast
of the United States, and an increased effort in the Federal lands in the
Western part of the country. Few petroleum production experts would
consider it appropriate to show a much more optimistic curve than the
one represented on Fold Out "0."

"Coal." This particular option shows an almost tripling of coal
production in the next three decades. This could be accomplished by
a tripling of strip-mining of coal and at least a 50% increase in under-
ground mining of coal above current rates, or other combinations
of mining techology. Coal has a resource base which could appar-
ently support even a greater increase than shown, but the availability C
of water, reclamation problems, fabrication limitations of the massive
equipment which will be required, steel, transportation facilities,
and other such items could make the coal impact shown on Fold Out
"0" optimistic. Bear in mind that it will be impossible to evaluate
the coal input into our domestic energy system until the Congress
has settled on strip-mining legislation, clarified leasing procedures,
etc. It will be possible, once the rules are drawn, to project coal
production with a predictability of 90% or better for a few years in

C
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advance. The resource is already fairly well defined and the industry
is mature.

"Domestic gas." This one is probably the hardest to estimate. Most
engineers will agree that the Nation will be fortunate if long range
projections of gas availability are 50% either way of actual produc-
tion. The strategy in this option would require the deregulating of
both new and flowing natural gas prices to try to sustain or slightly
increase our current production of gas for the next decade or so. The
numbers shown here are very close to those of the Federal Power
Commission, with the exception that, in Option 7-A the option tapers
off much faster from the year 1985 toward the year 2000 than most
estimates. It is hoped that the United States will discover a massive
new gas supply but our history this past winter of problems, even
in the State of Texas, could well be indicative that even this display
is optimistic. Fortunately any new natural gas supplies would impact
quite rapidly if the reserves do exist. The United States has a fully
matured gas industry that can expand rapidly.

"Geothwrmal." Geothermal power is probably fairly predictable,
despite present technical unknowns, once the Nation has established a
level of environmental problems that it is willing to tolerate and esti-
mated the amount of capital that can be committed to the development
of such power. In Option 7-A, an approach is illustrated that would
have at least 100,000 megawatts capacity operating by the year 2000.
The reader should recall that the display of such an "option" does not
constitute an endorsement of its probability or feasibility. A geother-
mal input of this magnitude would require a massive effort in Cali-
fornia, and several other States, and would generate the electric
equivalent of over 100 Hoover dams.

"Hydroelectric." Hydroelectric capacity can be projected with
nearly 100% reliability-once the rules are drawn. The hydroelectric
equivalent shown in Opt ion Exercise 7-A represents at least a 50%
increase in today's capacity. The great majority of attractive sites are
in National Parks, scenic areas, and the like. It would be necessary to
build dams in such places as the Grand Canyon if the Nation were to
undertake a massive effort to increase its hydroelectric systems.

"Alaska Oil." This particular estimate assumes that the Alaska
(Valdez) line will be in operation in late 1977 and would reach about
1,500,000 barrels per day of oil by early 1980. It then assumes
construction of an oil line through Canada in the early 1980's, with
that line going on stream and at full capacity by 1984. It also assumes
that considerable oil will be found in the federally owned Navy
Petroleum Reserve #4 (on the North Slope) and that such produc-
tion will be developed. The development of the preceding combination
could increase domestic oil production by over 4,000,000 barrels a day.
The Alaska North Slope impact is probably 80 or 85% predictable,
again because the Nation is in a position to proceed and has done a
great deal of work in the area already. The necessary technology
exists and a mature industry is available.

"Oil Shale." Oil shale, like coal, consists of a massive resource in
place. Unfortunately, however, oil recovery from oil shale may well
be even more severely limited by water restrictions than production of
coal will be. While the technology is basically available for above
ground production, several demonstration plants may be required
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before financing information can be obtained for the commercial effort
that will be required. Limiting factors appear to be uncertainties in
the investment climate and questions with reference to leasing and e c
using Federal lands. In order to produce even 1,000,000 barrels per
day of shale oil, using surface technology, it will be necessary to have
massive mines with the total daily tonnage of material handled well
in excess of that of our present daily coal production. As 3,000,000
barrels per day operation in the Western part of Colorado, including
all of its support population and facilities, will come very close to re- C
quiring the equivalent of the total minimum water flow of several of
the larger rivers of that area. No efforts are made to project impacts of
various "in situ" proposals because their technology is still in its
infancy. Predictability of shale operations is very close to 80 or 90%
or better. A combination of basically mature industries is available
for these operations. Despite such problems. oil shale may represent C
one of the cheapest and cleanest additions to the Nation's energy mix.

"Solar." Solar technology should permit us to soon take over some
of the heating and cooling load requirements in the Southwestern
part.of the United States. The estimate on Fold Out "0" shows a
1,000,000 barrels per day equivalent from solar. This would satisfy the
heating and cooling load of more than all of the houses that will exist C
in New Mexico, Arizona, and Nevada at the turn of the century. Pre-
dictability of solar is still fairly weak because of the requirements of
developing several phases of the necessary technology and the non-
existence of a mature industry at this time.

"Nuclear." A nuclear capacity build-up to over 1,000,000 mega-
watts by 2000 is shown on Option Exercise 7-A. This display is
slightly under the latest estimate of the nuclear industry of the maxi-
mum amount of nuclear capacity which could be added over the next
two decades. A table of the various pertinent estimates of nuclear
capacity follows to facilitate comparisons:

Capacity In megawatts'

AEC, 1962 AEC, 1968 AEC, 1972 AIF, 1973

Year:
1980 ------------------------------------------- 40.000 150,000 132 000 146,000
1985 ------------------------------------------- 100,000 300. 000 280,000 365,000
1990 ---------------------------------------- 200,00 500,000 508, 000 700,000
2000 .............................. 700.000 1 ,000 1,200,000 -,-2--0,

I See Appendix: Refs. 3, 10, 11, and 12.

The 1962 estimates are presented above since they reflected the best
estimates of the future need for nuclear generating capacity at the
time a comprehensive nuclear power development program was de-
lineated. A comparison of subsequent estimates indicates a twofold
increase, over the period 1962 to present, in the energy goals for
installed nuclear power capacity by the year 2000.

The Atomic Industrial Forum estimate was developed as the maxi-
mum which would be feasible providing the limitations presently
imposed by specific factors such as licensing, development of addi-
tional uranium supplies, technical and construction man-power limi-
tations, financing, and so forth, are significantly diminished and a
massive national effort is made to develop the nuclear systems.
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Although the nuclear capacity additions have been developed on
the basis of considerable study, past experience with new and complex
technologies indicates problems may be expected in the attainment of
such a maximum goal. To attain or approach to a major degree the
maximum estimates utilized for nuclear power in Fold Out "0" will
require a massive industrial effort and major upgrading in a number
of areas such as quality control performance by industry, licensing
procedures, etc.

The various problems relating to the licensing, construction and
operation of nuclear powerplants have already resulted in a situation
where identical plants built in Japan and the United States by the
same suppliers take five. years in Japan, and over eight years in the
United States. This option assumes a national effort to develop the
required uranium supply and the various support systems for nuclear
powerplants.

The one exercise described to illustrate the use of the graphic pres-
entation to evaluate a possible solution to the energy situation
clearly indicates the magnitude of effort required to maintain reason-
able control of the problem. It should be recognized that many
potential supply items were not displayed because of lack of available
projections or information. Wind power, tar sands, and tidal sources
are some such items. "Option Exercise" 7-A app ears to be one of the
more balanced of the several exercises examined by the JAE staff to
date. Initial reaction of the reader may lead to thýe assumption that
an almost unlimited number of combinations of domestic energy
options exists. Unfortunately, the deterioration of the Nation's
domestic supply of cheap fossil fuel energy has actually severely
limited the national options that are available.

[Fold in. "O".1
"tS/D CHART"- (1900-2050)

Open Fold Out "P". This chart should enable the reader to grasp
better the meaning to the United States of the difference between the
"era"), now ending, of relatively cheap and available domestic fossil
fuels and the emerging "era" of a requirement for an ever increasing
supply of non-fossil energy sources and for imported energy fuels.
The reader should notice that even a significant decrease in our energy
"demand" and a major increase in our domestic fossil supplies will
only provide a few years respite in our Nation's energy dilemma.

Both maximum and minimum estimated "demand" curves are shown.
The maximum curve reflects a demand for approximately 175 million
barrels per day oil equivalent, with the United States reaching a per
capita energy saturation point near the year 2075. The minimum
demand curve assumes both per capita energy saturation plus zero
population growth in the decade of 2030. It is necessary to again
emphasize the great uncertainty of such different distant projections
irrespective of their sources. The trends, not the details, are the impor-
tant factors. (The staff utilized at least three sources for this Fold
Out "P".) 8

[Fold in "7".]
8 See Appendix: Refs. 13. 14, and 15.
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V. CONCLUSION

The method described in this print has been found to be of great ecvalue to members of the Joint Committee and others who have viewed
the data in studying energy matters. The graphic method facilitates the
evaluation of specific energy factors in context with other energy
supply matters. The- interchangeability of energy forms is readily
evaluated from a comprehensive presentation of information on all
energy forms. The method also facilitates the evaluation of specific
suggestions for the solution. of our energy problems. Presentation of
the information on such suggested solutions in graphic form requires
inclusion of information on both the schedule of availability of the
energy and magnitude factors both of which are at times not given
the consideration they should be given.

The information on presentation of energy supply matters is being c
printed in the hope that it will be of assistance to Government officials,
the industry and- public in the study of energy supply problems. The
need for prompt action in a number of areas is clearly evident from the
data compiled in this print. It is hoped that this information will con-
tribute to the evaluation of various solutions and expedite decisions
and actions which are required to minimize problems in these areas.
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B. CONVERSION TABLES

1 Barrel (Bbl. or B) = 42 gallons (gl.).
1 Bbl. crude oil=5,800,000 Btu.
1 kWh=-3,412 Btu.
I cu ft natural gas (CH4 ) = 1,000 Btu.
1 ton coal=26,000,000 Btu.

(21)
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DISCLAIMER

This report was prepared as an account of work sponsored by an C
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any C
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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e t was prepared as an account of work
ored by the United States Government. Neither

the United States nor the United States Atomic Energy
Commission, nor any of their employees, nor any of
their contractors, subcontractors, or their employees,
makes any warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, com-
pleteness or usefulness of any information, apparatus,
product or process disclosed, or represents that its use
would not infrisge privately owned rights.

UNITED STATES 0

ATOMIC ENERGY COMMISSION
WASHINGTON, D.C. 20545

C
R OFFICE OF THE CHAIRMAN December 1, 1973

This dociumW is

The President
The White House

Dear Mr. President:

C
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In response to your directive of 29 June of this year,
viz:

• . . I am directing the Chairman of the
Atomic Energy Commission to undertake an
immediate review of Federal and private
energy research and development activities,
under the general direction of the Energy
Policy Office, and to recommend an integrated
energy research and development program for
the Nation. . . . By December I of this year,
I am asking for her recommendations for energy
research and development programs which should
be included in my fiscal year 1975 budget."

I am pleased to present this Report.

As requested, the Report was developed under the general
guidance of the Energy Policy Office. It has also bene-
fited from the active participation of those Federal
Agencies most concerned with energy research. Additionally,
there has been widespread consultation with representatives
of the private sector, including a broad range of energy
industries. A more detailed description of the procedures
that were followed and a listing 6f those persons most
directly involved are attached hereto.

Any merit the Report may have deserves to be widely
shared with those who devoted their time, energy, and
talent to its development. Any shortcomings are my
responsibility alone. Formal concurrence in the recom-
mendations was not requested from either individuals or
agencies; the final recommendations are based on all
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the information gathered and result from my considered
judgment of the kind of thoughtful, well-considered
energy research and development program that this Nation
urgently needs to pursue.

Considerations for using today's technology to meet and
overcome the present energy crisis, and to be responsive
to "Project Independence", are being submitted separately.

I earnestly hope that this Report will be helpful in
your efforts to mobilize the Nation's resources toward
the attainment of a capacity for energy self-sufficiency
by 1980. I believe that, in surmounting this challenge,
the Nation can emerge stronger and more free than ever
before to pursue with renewed vigor its high aims of
domestic and international peace and well being.

Respectfully yours,

i
Chairman

Attachment
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UNITED STATES ENERGY RESEARCH AND DEVELOPMENT PROGRAM

This report is based upon the results of several major
and somewhat independent efforts: c

o A group of Energy Workshops, organized under
the sponsorship of Cornell University, con-
sidered the major directions and overall
framework required for a national program.
Specific workshop topics and the membership
of each are shown in Appendix C of the Report.
The deliberations will be separately published.

o Sixteen Technical Review Panels were established.
These were made up of 121 Federal employees from
thirty-six Departments and Agencies assisted by
282 consultants from the private sector. More
than 1100 specific proposals for the energy
research and development program were reviewed
and evaluated. Membership of the panels and the
consultants employed are listed in Appendix C.

o Review of the results from the Workshops and C

the Technical Panels was conducted by an
Overview Panel chaired by Mr. Stephen A. Wakefield,
Assistant Secretary for Energy and Minerals,
Department of the Interior. The membership
included: C

Mr. William E. Simon, Deputy Secretary
of the Treasury

Dr. Beatrice E. Willard, Member, Council
of Environmental Quality c

Dr. Betsy Ancker-Johnson, Assistant Secretary
for Science and Technology, Department of
Commerce

Dr. Stanley M. Greenfield, Assistant C
Administrator for Research and Development,
Environmental Protection Agency

C
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Mr. William A. Anders, Commissioner,
Atomic Energy Commission

Mr. Bruce T. Lundin, Director, Lewis
Research Center, National Aeronautics and
Space Administration

Mr. John P. Abbadessa, Controller, Atomic
Energy Commission

The Overview Panel made specific recommendations
on the composition of the ten billion dollar,
five year program and on the fiscal year 1975
budget.

0 A draft of the report was sent to more than
100 individuals for comment. It also went to
all concerned government Departments and Agencies.

o I consulted personally with numerous leaders in
government, industry, and the scientific community
throughout the period of the Report's preparation.
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EXECUTIVE SUMMARY

Purpose: C

The Report, directed by the President in his June 29, 1973, Statement
on Energy, recommends:

0 A national energy research and development (ER&D) program.
* A five-year, $10 billion Federal ER&D program. C
0 The FY 1975 Federal budget for ER&D.

Findings:

0 Present energy problems stem, in large part, from the lack of a
coordinated national ER&D program over the last 20 years. Only
nuclear power has received sustained support at adequate levels. C

* The requirement to regain and maintain energy self-sufficiency
stems from conditions more fundamental than the current crisis.
Worldwide energy shortages impend as energy-intensive industrial
growth spreads and accelerates.

* The United States has the resources and technology for
self-sufficiency. A properly directed, sustained national
commitment can attain that goal.

* Five tasks are required to regain and sustain self-sufficiency, and
simultaneous effort is urgently required on all five. Their C
contributions to self-sufficiency will begin to materialize in the
order listed:

Task 1. Conserve energy by reducing consumption and conserve
energy resources by increasing the technical efficiency of
conversion processes. C

Task 2. Increase domestic production of oil and natural gas as
- rapidly as possible.

Task 3. Increase the use of coal, first to supplement and later to
replace oil and natural gas.

Task 4. Expand the production of nuclear energy as rapidly as
possible, first to supplement and later to replace fossil C
energy.

Task 5. Promote, to the maximum extent feasible, the use of
renewable energy sources (hydro, geothermal, solar) and
pursue the promise of fusion and central station solar
power.

C
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0 " The recommended program, based on what is now known, is both
necessary and sufficient to maximize ER&D's contribution to the
Nation's energy goals. Even so, 1985 is the earliest date by which
self-sufficiency can reasonably be expected with this program.

" By 1980, the recommended ER&D program is expected to reduce
oil imports to half (6 million barrels/day)" of those currently
projected. Other extraordinary measures will be required to restrict
consumption, increase domestic production, or both by enough to
displace the other half.

Recommendations:

* The national and Federal ER&D programs, FY i975-1979, and the
FY 1975 Federal ER&D budget are shown in-the table below. (The
FY 1974 Federal ER&D budget is shown for comparison.)

ER&D PROGRAM AND BUDGET RECOMMENDATIONS
($ Millions)

ER&D Programs, FY 1975-1979 Federal ER&D Budget
Total Private Federal FY 1974 FY 1975

Self'Sufficiency Tasks Required Expected Recommended Planned Recommended

1. Conserve Energy and
Energy Resources ....... 4,940 3,500 1,440 62.3 166.2

2. Produce Oil and
Natural Gas ........... 4,960 4,500 460 19.5 51.7

3. Produce and
Use Coal .............. 5,175 3,000 2,175 167.2 405.0

4. Produce Nuclear
Energy ................ 5,340 1,250 4,090 517.3 731.7

5. Use Other Sources,
Pursue Future
Prospects ............. 2,085 250 1,835 123.0 217.5

TOTAL ................. 22,500 12,500 10,000 889.3 1,572.1
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" Establish an operational Energy Research and Development
Administration not later than July 1, 1974, to plan and coordinate c
the total program and to direct the major share of the Federal
program.

* Conduct a comprehensive program review at least annually,
reallocating funds among programs as required. Increase the total
program only if reallocations are insufficient to fund all highly C
promising prospects.

* Ensure full consideration of the energy consequences of all Federal
actions taken to achieve nonenergy goals.

* Maximize private-sector involvement in the conduct, review, and c
evaluation of the Federal ER&D program, both to conserve Federal
dollars and to speed up the application of technological advances.

" Initiate in FY 1975 a Synthetic Fuels Pioneer Program: privately
funded construction, induced by loans or price guarantees, of
several full-scale commercial plants for producing synthetic fuels
from coal using existing technologies. Federal ER&D funds would
be used to collect and disseminate engineering, economic, and
environmental data that would serve as benchmarks for evaluating
new developments. The program would lay the groundwork for a
rapid expansion of domestic energy production capacity and focus
ER&D effort, Federal and private, on highest priority problems.

" Accelerate ongoing work in three supporting programs that
contribute to the goals of the recommended ER&D program:
1. Environmental Effects Research ............. $650 Million
2. Basic Research .......................... 300 Million
3. Manpower Development ................... 50 Million

$1000 Million

C

C
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Purpose and Scope

This report is prepared in response to the President's directive in his
June 29, 1973, energy message. Its purpose is to recommend:

0 The national energy research and development program needed to
regain and maintain energy self-sufficiency.

* The five-year, $10 billion Federal energy research and development
program to supplement research and development expenditures
expected from the private sector.

* The Fiscal Year 1975 Federal energy research and development
budget.

Since the President's directive was announced, the Nation has become
acutely aware that shortages of energy-especially oil-threaten its social,
economic, and environmental priorities. The energy shortages of today and

D those projected for future decades stem, in part, from the lack of a
coordinated national program for energy research and development over the
past 10 to 20 years. Today's impending shortages impart a long overdue
sense of urgency to the effort being launched to meet not only immediate

o requirements but also the growing needs of the years ahead.

D The challenge posed by the immediate energy future carries with it an
unparalleled opportunity to emerge better equipped than ever before to
pursue the Nation's higher goals of domestic and international peace and
prosperity. The Nation has long had the human and material resources to
surmount the present challenge and seize its corresponding opportunity; the
widespread awareness of the necessity to do so can now provide the essential

D will to convert its potential into practice.

This report is based on a series of studies carried out under the guidance
of the Energy Policy Office in conjunction with Government departments
and agencies having energy responsibilities. People from industry,
foundations, and the academic community were also consulted, together

01
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with other private citizens having responsibilities and acknowledged
expertise in the energy field. ec

A number of issues had to be dealt with to limit the scope of the report
to energy research and development. The most important were:

* The role of energy in our society.
* The relationship of energy research and development to energy C

policy.
" The distinction between energy research and development and

energy production.
" The impact of research and development and other energy policy

actions on the future of the Nation's energy system.
" The necessity to support energy development with an expansion of

environmental effects research, basic research, and manpower
development.

" The consequences of energy policies aimed at attaining other
goals, such as economic growth, consumer protection, and land use

THE ROLE OF ENERGY IN OUR SOCIETY

Energy is. the sine qua non of a modern society's ability to do the things
it wants to do. Such goals as maintaining the standard of living for a growing
population, national security, improved quality of life, increased affluence,
and increased assistance to less developed societies can only be attained with
increasingly large amounts of energy. While lower energy costs allow a
society more freedom of action in seeking its goals, the availability of energy
is the first requirement of having any freedom of action at all.

RESEARCH AND DEVELOPMENT: ONE PART OF POLICY

Federal energy policy comprises those actions that aim to have a direct C
impact on the Nation's energy system by increasing supply, reducing
demand, or changing production and use patterns. For example, one possible
policy is to let the market determine what goes on in the energy system.
Another policy is to intervene by rationing, price controls, mandatory
allocations, price guarantees, and other nonmarket measures to change
certain operations of the market and presumably the results for the C
economy.

The aim of Federal energy policy is to ensure that the Nation's ability to
pursue its higher order goals is not unduly impaired by energy shortages.

To respond to current problems, policy-makers must select from among C
a set of actions limited by existing physical and institutional constraints.
However, energy research and development actions can be taken now that
will expand the range of actions that will be possible in the future.

By its nature energy research and development is an investment in the
Nation's future. Numerous opportunities for research that would yield c

2
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0
early results exist and should be pursued vigorously; a major part of the
recommended program is designed to remove obstacles to the attainment of
energy self-sufficiency by 1980. Still, a program aimed only at the
immediate future would be less than fully responsive to the Nation's needs.
Major improvements in the energy situation can come only fr6mn-sustained
effort over an extended time because long lead times are required to improve
the technologies for producing and using energy. Accordingly the
recommended program was designed to meet the Nation's energy needs in
the years beyond 1980, as well as to make the maximum possible
contribution to the Nation's immediate energy goals.

RESEARCH AND DEVELOPMENT VS. PRODUCTION

Research and development activities extend from fundamental research

on the properties of matter to successful demonstration on a commercial
scale of the technical and economic feasibility of new processes. The
application of new processes on a scale big enough to make a significant
impact on the energy system is production, not research and development. A
vigorous program for increasing energy production in the immediate future is
urgently needed to move toward self-sufficiency. Such a program must rely
primarily on existing technologies-not on research and development.
Although some "quick fixes" of particular engineering problems in
producing energy might be considered research and development, the bulk of
the research and development program cannot be expected to make big
differences in energy production rates in any short time.

The dividing line between research and development and production is
not absolute; the two can be mutually supportive. Nothing identifies specific
needs for immediate research and development attention more quickly than
a major production program, and few actions can have as much short-term
impact on a major production program as top priority research and
development to remove production bottlenecks. The Manhattan Project of
World War 11 is a classic example of how these two kinds of effort can be
integrated and applied toward rapid attainment of a specific goal. Still, a
balanced research and development program must not be limited only to
efforts aimed at supporting immediate production programs; it must also
include those efforts aimed at making possible the production programs that
will be needed in the future.

RESEARCH AND DEVELOPMENT, POLICY,
AND THE NATION'S ENERGY FUTURE

The hational energy research and development program begun now and
carried out over the next few years is a principal vehicle for shaping the
evolution of the Nation's energy system. What is done and not done in that
program will define the technological boundaries of future energy policy
choices. Accordingly, obtaining agreement on how the energy system should
evolve is the first step in designing an energy research and development
program.

3
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Energy policies other than research and development will also be
required if the energy future is to evolve in the desired direction. Some
energy policy decisions will be necessary to support research and
development. Other decisions will be needed to foster the application of new
technologies after commercial feasibility has been demonstrated. Still other
policies aimed at goals outside the energy system will influence both the
execution of the research and development program and the implementation
of new technologies derived from it.

SUPPORTING PROGRAMS

The evolution of the energy system will be heavily influenced by
policies not directly aimed at energy questions, e.g., environmental effects,
basic research, and manpower development policies. Because of their close
relationship to energy, specific programs in these areas are recommended for C
levels of incremental funding in addition to the $10 billion energy research
and development program. The recommended increments to these
supporting programs are considered the minimums required to guarantee
both the successful conduct of the proposed energy research and
development and the rapid implementation of its results throughout the
energy system.

OTHER POLICY ACTIONS

Because energy plays such a central role in our society, a number of
policy actions on nonenergy goals will affect the energy system. Some areas
where policy actions affect the energy system are rate regulation, price OF
controls, antitrust and patent laws, land-use laws, and leasing of public
lands.

Because decisions on these policies involve a wide range of
considerations outside energy matters, this report refers only to their
implications and merely suggests directions that will facilitate energy C
research and development and help realize its benefits.

SYNOPSIS

Chapter 2 summarizes the recommended five-year $10 billion Federal
program, details of which are in Appendix A, and presents the recommended
Fiscal Year 1975 budget, the first increment of the recommended program.

Chapter 3 summarizes the energy supply and demand situation and
indicates how much change is needed to regain self-sufficiency.

Chapter 4 sets out the five major tasks required to regain and maintain C
energy self-sufficiency and from these tasks derives the goal of the Nation's
energy research and development program.

Chapter 5 discusses the role of the Federal Government in energy
research and development, including its relations with industry, its own

4
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research and development strategy, criteria for funding of Federal programs,
and guidelines for managing the Federal effort.

Chapter 6 explains the technological obstacles to accomplishing the five
tasks and discusses the major constraints under which the research and
development program must be carried out.

Chapter 7 classifies the research and development objectives under each
of the five tasks into short-, mid-, and long-term categories.

5



The Recommended Five-Year
National Energy Research and
Development Program

Table 2-1 summarizes the recommended five-year research and
development program. This program, properly executed, can reasonably be
expected to attain the objectives set out in Chapter 7. The salient features of
the program are:

0 A reasonable balance among the tasks required to regain and
maintain energy self-sufficiency:

Task 1. Conserve energy and energy resources ............ 22%
Task 2. Increase domestic production of oil and gas ........ 22%
Task 3. Substitute coal for oil and gas .................. 23%
Task 4. Validate the nuclear option .................... 24%
Task 5. Exploit renewable resources (solar, geothermal,

fusion, hydroelectric) .......................... 9%
100%

0 Massive concentration of effort on short-term objectives: 70% of
the total program and 45% of the Federal program go to short-term
goals.

0 A prudent level of effort directed toward mid-term goals: 23% of
the total program and 39% of the Federal progranm

0 A small but significant share of the program aimed at long-term
goals: 7% of the total program, all Federal.

* A conservative estimate of the private research and development
contribution that could be forthcoming in response to vigorous and
imaginative Federal leadership. (Estimates are based on the 1971
data from the Ford Foundation Energy Policy Project for research
and development in the oil, gas, coal-mining, electrical, and
electrical supplier industries [$1400 million/year] plus data on

7
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Table 2-1.-RECOMMENDED NATIONAL ENERGY RESEARCH AND

DEVELOPMENT PROGRAM, FY 1975-1979

($ Millions)
Short-Term Mid-Term Long-Term

Self -Sufficiency Task Objectives Objectives Objectives Total

eC

C
1. Conserve Energy and

Energy Resources
Federal .................
Private ..................

Subtotal ...............

2. Increase Domestic Production
of Oil and Gas

Federal .................
Private ..................
Subtotal ...............

3. Substitue Coal for Oil and
Gas on a Massive Scale

Federal .................
Private ..................
Subtotal ...............

4. Validate the Nuclear Option
Federal .................
Private ..................

Subtotal ...............

5. Exploit Renewable Energy
Sources to the Maximum
Extent Feasible

Federal .................
Private ..................

Subtotal ...............

TOTAL
Pederal .................
Private ..................

GRAND TOTAL ..............

1,160
3,200
4,360

430
4,300
4,730

1,690
.2,500

4,190

1,100
1,000
2,100

135
220
355

280
300
580

30
200
230

485
500
985

2,990
250

3,240

150
30

180

1,440
3,500
4,940

460
4,500
4,960

2,175
3,000
5,175

4,090
1,250
5,340

It
C

C

W

C
1,550

1,550

1,835
250

2,085

4,515 3,935
11,220 1,280

1,550 10,000 C
12,500

15,735 5,215 1,550 22,500

Supporting Programs (incremental
Federal funding to present programs)

Environmental Effects ....... 650
Basic Research ............. 300
Manpower Development ...... 50

1,000

C

C
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research expenditures of the automobile industry provided in
Congressional hearings [$200 million/year] adjusted for
inflationary increases since 1971 and increased expenditures in
response to already recognized shortages, making a total of some
$2000 million/year in FY 1974. Industry can reasonably be
expected to increase research and development spending by at least
25% above current estimates in response to the more than
doubled Federal contribution, properly structured Federal policies,
and the incentives of higher prices.)

" Allocation of Federal funds among tasks based on the total
requirements of each task and on the contributions expected from
industry; the Federal share of the total effort varies from slightly
under 10% for Task 2 to 88% for Task 5.

" Recommendation of $1000 million for increases in research and
development funding of ongoing Federal programs that support
energy research and development and energy production.

CONTRIBUTION TO SELF-SUFFICIENCY

Table 2-2 shows the estimated contribution of the recommended
program to the goal of regaining self-sufficiency. Entries for 1972 display the
composition of energy inputs for that year, including imports of 5.1 million
barrels/day of oil equivalent (mostly oil and some natural gas). The Total
Energy entries for 1980 and 1985 are based on a projected annual rate of
growth in energy consumption of 4.1% from 1972 to 1980 and 3.9% from
1980 to 1985. The conservation entries show the energy savings expected to
result from the recommended research and development program.
Fuel-source entries for 1980 and 1985 show:

0 Contributions expected with programs underway before the
President's June 29, 1973, energy initiatives (first column).

* The extra contribution expected from the accelerated research and
development efforts included in these initiatives (second column).

0 The total contributions expected with the $10 billion program
recommended in this report (third column).

The data support the following conclusions:

* Self-sufficiency may be attained by 1985 with the expected payoff
of the proposed research and development program. By then, the
proposed program should yield the equivalent of:
(1) 7.0 million barrels/day of energy savings from conservation

efforts, and
(2) 9.0 million barrels/day of increased domestic production.

9
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Table 2-2.-ESTIMATED CONTRIBUTION TO ENERGY INPUTS
(Million Barrels/Day Oil Equivalent) eC

1980 1985
Increment Total with Increment Total with

1972 Total with from Rec- Recom- Total with from Rec- Recom-
Actual Former ommended mended Former ommended mended

Energy Source Inputs Program1  Program1  Program Program' Program2  Programs

Total Energy ............... 34.1 47.0 47.0 57.0 57.0

1. Conservation . 4.7 (47)7.0 (7.0)

Production Requirements ..... 34.1 47.0 42.3 57.0 50.0

2. Domestic Production
of Oil and Gas ......... 21.4 21.5 0.5 22.0 21.5 5.1 26.6

3. Domestic Coal Production
and Conversion ......... 5.9 9.1 0.5 9.6 11.4 2.5 13.9

4. Nuclear ............... 0.3 3.6 0.2 31. 7.1 0.6 7.7

5. Renewable Resources (Solar,
Geothermal, Hydroelectric) 1.4 0.8 0.2 1.0 1.0 0.8 1.

Imports ................... 5.1 12.0 (6.1) 59. 16.0 (16.0) 0.0

Contributions expected from policies in effect prior to the President's June 29,1973, energy initiatives, including
the energy research and development program contemplated before that initiative. See Appendix B for a comparison
of the formerly contemplated program and the program recommended in this report.

2 See Appendix B for explanation of the methodology used to derive these values.

* By 1980 the recommended program will have decreased the
demand for imports by half, to 5.9 million barrels/day of oil
equivalent.

* To replace by 1980 the other half of the demand for imports, the
Nation must, in addition to conducting the accelerated research and
development program:
(1) reduce energy use by imposing administrative restrictions on

consumption, and/or
(2) take extraordinary measures to stimulate a sharp increase in

domestic production.

STRATEGY FOR PROGRAM EXECUTION

The major elements of the strategic approach embodied in the proposed
program are:

* Proceed immediately and simultaneously with work on all
promising conservation and supply technologies.

* Within each technology, concentrate major effort on the most
promising technical approach and keep back-up options advancing
at a reasonable pace.

C
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0
- Pursue most individual research efforts in an accelerated but orderly

manner, avoiding the risks of "great leaps forward" that do not
materialize; seek, instead, sustained progress toward established
objectives.

* Take high risks in a few technologies having very high potential
payoffs (e.g., in situ coal .gasification and shale retorting and

massive fracturing of tight formations containing gas).

0 Employ the principle of redundancy: conduct enough parallel
efforts to be able to afford failure in some and still attain overall
objectives.

0 Move toward the capability for self-sufficiency by laying the
essential groundwork for a production program based on improved
technologies.

A MODEL FOR INTEGRATING RESEARCH AND DEVELOPMENT

AND PRODUCTION EFFORTS

One major departure from the conventional approach to research and

development is proposed: a Synthetic Fuels Pioneer Program. This effort
would begin construction in FY 1975 of a number of commercial-scale
plants using existing technologies to produce commercial quantities of
synthetic fuels from coal. Program objectives are to:

0 Demonstrate the Nation's determination to regain and maintain
energy self-sufficiency through an action program that produces
commercial quantities of synthetic fuels.

" Lay the technical, engineering, and production groundwork
required to support rapid acceleration of synthetic-fuel domestic
production if required.

* Adapt proven technologies for synthetic-fuel production to United
States conditions.

* Identify by experience the nature and magnitude of the technical,
environmental, and economic problems that require priority
research and development attention.

* Assign hand-picked teams of scientists, engineers, and technicians to
break major bottlenecks to increased productivity and to learn to
control and treat adverse environmental effects.

* Establish, based on sustained full-scale operation, technical,
engineering, and economic benchmarks for evaluating
improvements that result from research and development programs.

* Provide a bridge between the research and development community
and the production sector that will facilitate the exchange of

.0 I1
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information, ideas, and experience gained under full-scale
operational conditions.ec

Major features of the program would be that:

" Federal guarantees of prices or loans under the Defense Production
Act or such other authority as may be appropriate would ensure the
commercial viability of the plants.

* Exceptions to normal permit requirements would be granted under C

the authority of emergency energy legislation.

* Defense Production Act or other authority would be used to
allocate materials and components on a priority basis to begin
construction of these plants in FY 1975 with the objective of
having them in full production by the end of FY 1976. C

Plants would be built, owned, and operated by private commercial
concerns or consortia; no major Federal construction monies would
be required.

" Federal research and development funds in the amount of $355 C
million would be earmarked for extra construction costs incurred
for modifications required to support experimental testing of
advanced design components ($100 million) and for research
and testing operations ($255 million).

* There would be wide dissemination of the engineering, production,
economic, safety, environmental, and other data acquired from
operating the plants.

" Plants would be available to the Government for experimentation
and evaluation of new techniques, materials, and components on
the basis of cost reimbursement to the operator. C

* Necessary measures would be taken to contain any adverse
environmental impacts within the immediate locale of the plants;
this action would provide an ideal experimental base for research
into methods of environmental protection and restoration. Industry
would bear the costs of containment, and Government would share
research costs with industry. C

Compared to the total national requirement, the actual production
impact of the Synthetic Fuels Pioneer Program would be modest. Its chief
benefits would be the knowledge and experience gained that would provide a
credible capability for rapid expansion of production if required. This would
provide for better integration of the research and development and C
production programs.

Examples of the kinds of plants that could be included in the program
are:

* Pipeline-quality (high-BTU) gas plants using the Lurgi process
* Low-BTU gas plants using the Koppers-Totzek process c
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Solvent-refined-coal plants
Oil from shale plants
Methanol plant
Plants to produce hydrogen, ammonia, olefms, diolefims, aromatics,
and other petrochemicals.

Details of program implementation remain to be worked out, but
discussions with industry representatives indicate that the proposed program
could expect an enthusiastic reception from industry. It is strongly
recommended as an action program that promises increased production,
increased knowledge, and an increasingly realistic and productive interaction
between Government and industry based on hard facts derived from
commercial-scale operations.

RECOMMENDED FY 1975 BUDGET

Table 2-3 summarizes the FY 1975 Federal budget recommendations by
task and displays for comparison purposes corresponding Federal obligations
made in FY 1973 and planned for FY 1974. Several features of the program
are evident in Table 2-3.

Table 2-3.-FEDERAL ENERGY RESEARCH AND DEVELOPMENT OBUGATIO'JS
BY MAJOR PROGRAM ELEMENT, FY 1973-1975

($ Millions) Percent
Actual Planned Recommended Increase

Self-Sufficiency Task FY 73 FY 74 FY 75 FY 73-75

1. Conserve Energy and
Energy Resources ........... 52.8 62.3 ,166.2 215%

2. Increase Domestic Production
of Oil and Gas ............. 20.0 19.5 51.7 159%

3. Substitue Coal for Oil and
Gas on a Massive Scale ....... 88.8 167.2 405.0 356%

4. Validate the Nuclear Option ... 395.8 517.3 731.7 85%

5. Exploit Renewable Energy
Sources to the Maximum
Extent Feasible ............ 82.8 123.0 217.5 162%

TOTAL ..................... 40.2 889.3 1,572.1 146%

* A very substantial acceleration of the upward trend (begun in FY
1974) of Federal energy research and development obligations is
proposed. Annual Federal research and development funding would
more than. double over FY 1973 and would increase by more than
three quarters (77%) over FY 1974.iOe 13
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" The largest percentage increase (356%) would be devoted to the use
of coal, the Nation's most plentiful energy resource.

* Energy conservation and efforts to use renewable resources would
receive major increases.

" The funding increase recommended for oil and gas production
reflects the vigorous private research and development programs in
that industry and the advanced state of technology that has C
resulted. Recommended Federal efforts are intended as
supplements to selected key areas, including resource assessment,
needed to round out an ongoing private program.

* The fission power program would receive a modest increase, much
of it aimed at speeding up the availability of electricity from
nuclear power plants. This reflects in part the generous level of
funding for the nuclear program over past years compared to other
programs.

NEED FOR CONTINUING PROGRAM REVIEW C

One crucial point deserves emphasis. The FY 1975 budget
recommendations are presented with high confidence that they are the right
first step in the five-year program. The five-year funding levels are presented
with confidence that they represent a sound plan based on what is now
known for the five-year period. The actual five-year obligations will be
different from those recommended here because the rate at which progress
will occur in each program element is unforeseeable.

The entire program should be evaluated at least annually and funds
reallocated among surviving programs. If circumstances justify, the $10
billion, which now appears sufficient, should be expended earlier than
planned, and the total cost of the five-year program should be increased to
fund essential research and development. In no case should the planning
figures for the later years of the proposed program, or even the total
program figures, be either a floor or a ceiling on program funding. Rather,
each program should be funded on its merits, accelerated when it succeeds,
and terminated or cut back severely when it fails after a reasonable amount
of effort. These determinations should be made as part of a total program C
review, not on a project-by-project basis.

SUMMARY OF FEDERAL PROGRAM ELEMENTS

The following sections contain summaries of the work planned in the C
principal program elements of each self-sufficiency task. A more detailed
budget display for the Federal Energy Research and Development Program is
presented in Table 2-4, and subprograms are explained in Appendix A. The
major subprograms and funding levels are summarized below in accord with
the five major tasks and their short-term, mid-term, and long-term objectives.
Tables 2-5 through 2-10, found at the end of the descriptive material, C
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provide summaries for each Fiscal year, FY 1975 through FY 1979, and for
the total program of total obligations, operating expenses, equipment
obligations, and construction obligations.

Table 2-4.-FEDERAL ENERGY RESEARCH AND DEVELOPMENT OBLIGATIONS
BY INDIVIDUAL PROGRAM ELEMENT, FY 1973-1979

($ Millions)

Recommended
Actual Planned Recommended FY 75-79

Self.Sufficiency Task FY 73 FY 74 FY 75 Program

1. Conserve Energy and
Energy Resources ........... 52.8 62.3 166.2 1,440

Reduced Consumption ...... 12.1 22.3 29.9 210
Increased Efficiency ........ 40.7 40.0 136.3 1,230

2. Increase Domestic Production
of Oil and Gas ............. 20.0 19.5 51.7 460

Production ............... 12.8 11.2 31.7 310
Resource Assessment ....... 7.2 8.3 20.0 150

3. Substitute Coal for Oil and
Gas on a Massive Scale ....... 88.8 167.2 405 2,175

Mining .................. 45 325
Direct Combustion ......... 30 200
Synthetic Fuels ........... 240 1,270
Common Technology ....... 90 380

4. Validate the Nuclear Option ... 395.8 517.3 731.7 4,090
Safety, Enrichment,

HTGR, and Other ......... 129.7 151.7 216.2 1,245.7
Breeder .................. 266.1 365.6 515.5 2,844.3

5. Exploit Renewable Energy
Sources to the Maximum
Extent Feasible ............ 82.8 123 217.5 1,835

Fusion .................. 74.8 98.7 145.0 1,450
Solar .................... 4.2 13.2 32.5 200
Geothermal .............. 3.8 11.1 40.0 185

TOTAL ..................... 640.2 889.3 1,572.1 10,000

Supporting Programs (incremental
Federal funding to present programs)

Environmental Effect ........ 105.9 650
Basic Research ............. 43.0 300
Manpower Development ...... 5.0 50

$153.9 $1,000
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($ Millions)

FY 75 FY 75-79

Task 1. Conserve Energy and Energy Sources ......... $166.2 1440.0

A. Reduced Consumption ......................... 29.9 210.0

1. End-Use Consumption ...................... 19.9 150.0 C
Major studies will be conducted to determine energy use patterns in
building conditioning, industrial processes, transportation systems,
integrated utility systems, and patterns across energy sectors.
Information gained should provide opportunities for initiating or
developing energy-conserving designs, construction, and operating
practices. C

2. Improved Management ..................... 10.0 60.0

A vigorous effort will be launched to coordinate the activities of the
many government departments and agencies that have been
compiling data pertaining to the U.S. energy system. Existing C
systems models will be improved or new models developed, and the
data base will be greatly enlarged and kept current. The systems
approach and models will be used to assess new technologies and to
provide quantitative analysis of alternative energy policies, energy
research and development strategies, and energy system
configurations.

B. Improved Efficiency .......................... 136.3 1230.0

1. High-Temperature Gas Turbine ............... 18.3 315.0

In conjunction with conventional steam turbines, combined cycles C
can be formed that produce greater thermal efficiencies than the
steam turbine cycle alone. An open-cycle high-temperature gas
turbine will be built to operate in a 100-MW(e) combined-cycle
demonstration power plant by 1979. A 2- to 3- MW(e) power plant
demonstration unit will be used to assess space heating from power
plant waste heat; if successful, the Department of Housing and C
Urban Development will use such units in model energy-conserving
housing developmients. A special helium direct-cycle gas turbine
facility will be built to develop turbines for use with the
high-temperature gas-cooled nuclear reactor.

2. Advanced Cycles, Fuel Cells, and Other Concepts . 18.0 210.0

Potassium vapor and magnetohydrodynamic "topping" cycles can
also form combined cycles for steam turbines. A 30-MW(e)
potassium vapor topping unit will be built and operated by 1979 as
a pilot plant. Fuel cells of considerable variety will be assessed in C
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pilot plants. The use of wastes as fuels and basic generator-research
for magnetohydrodynamics are included in this program.

($ Millions)
FY75 FY 75-79

3. Advanced Auto Propulsion ................. 53.0 300.0

Advances in fuel economy and reductions in pollutant emissions
using feasible state-of-the-art technologies will be sought and
demonstrated for automotive engines. Results will serve to define
regulatory standards. Several propulsion and vehicle systems will be
evaluated, two of which will be brought to the engineering
development phase. Prototype batteries, motors, controls, and
power conditioning equipment will be demonstrated by FY 79.
Nonpetroleum energy sources will be investigated.

4. Rail, Bus, Ship, and Air ..................... 20.0 205.0

Two major demonstrations are planned to evaluate integrated bus
transit systems in large cities. Intermodal transfer of freight from
truck to rail will be investigated. New aircraft and ship designs with
low drag characteristics will be evaluated and the feasibility of
nuclear-powered commercial ships will be examined.

5. Energy and Fuel Transportation and Storage .... 27.0 200.0

A joint government-industry development program is expected to
produce prototype demonstration projects for 1 l00-kV a-c
overhead transmission systems and a 100-MW d-c terminal system
by 1979. Four improved types of underground cables will be
developed for commercial use in that period. Battery development
will continue, with emphasis on the sodium-sulfur and
lithium-sulfur designs. A 10-MW pilot model of the more promising
design will be built for testing at practical storage levels. The
concepts of storing energy in a superconducting magnet or a
flywheel will be examined to the point of engineering development.
Advanced marine transportation systems will be explored to
increase availability and distribution of domestic fuel sources.

The savings in oil equivalent that can be expected from attainment of
the objectives of the program in Task I are 4.7 million barrels/day of oil by
1980 and 7.0 by 1985.

Task 2. Increase Production of Oil and Gas ........... $51.7 $460.0
(including resource assessment)

A. Resource Assessment .......................... 20.0 150.0

New and improved techniques and equipment will be developed and
tested to aid the assessment of potentially discoverable resources of
fossil and nuclear fuels and supporting elements; to promote their41 discovery and conversion to reserves; and to determine the quality and
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usable quantity of coal, oil shale, and tar sands. Data will guide Federal
leasing policy and stimulate accelerated exploration by industry. e C

(S Millions)
FY 75 FY 75-79

B. Secondary and Tertiary Recovery ............... 10.7 70.4

In a joint program with industry, 15 types of reservoirs will be tested
with combinations of four methods for secondary and tertiary recovery C
of residual reserves. Twenty separate experiments will be conducted.
Analysis of results is expected to determine economic feasibility for a
variety of particular reservoir types.

C. Stimulation of Low Permeability Formations ........ 9.1 96.3
c

Fluid or hydrofracturing and chemical-explosive fracturing techniques
will be tested on a scale not previously tried in an attempt to stimulate
low-permeability gas reservoirs that cannot be economically tapped
using conventional completion techniques. Seven experiments are
planned in three different reservoirs. One further nuclear stimulation
demonstration is planned. The program is designed to determine which c
stimulation technique or combination is most suitable for particular
reservoir characteristics.

D. Advanced Drilling .............................. 2.6 15.5

Development will be continued on jet drilling techniques and equipment
and spark cavitation drilling concepts to increase deep drilling rates.
Development of reliable downhole power supplies of up to 100 hp will
be pursued. Blowout control and oil-spill cleaning methods will be
assessed and improved.

E. Oil-Shale Processing ............................ 9.3 127.8 C

In situ retorting of oil shale will be tested in the Rocky Mountains, using
a combination of several different fracturing techniques and retorting
conditions. The recovery rates for each combination and the control
problems encountered will be analyzed to determine optimal technical
design. C

The attainment of the objectives of the programs under Task 2 will
guarantee the previously projected supply, equivalent to 21.5 million
barrels/day of oil, and contribute an additional supply, equivalent to 0.5
million barrels/day by 1980 and 5.1 million barrels/day by 1985.

C
Task 3. Substitute Coal for Oil and Gas ............. $405.0 $2175.0

A. Mining ..................................... 45.0 325.0

New and improved techniques for surface and underground coal and
oil-shale mining that would increase productivity and recovery rates and C
at the same time meet environmental and health standards will be
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developed and tested in demonstration mines. Integrated mining
reclamation methods will be applied to acid Eastern and arid Western
surface-mined areas to find optimum techniques for each region.

($ Millions)
FY 75 FY 75 79

B. Direct Combustion ............................ 30.0 200.0

Pilot, demonstration-scale, and module plants having a pressurized
fluid-bed combustion system will be constructed. A companion effort
through the demonstration scale will be conducted in atmospheric
fluid-bed systems. Combustion modifications will be made in
conventional coal- and oil-burning boilers and furnaces to improve the
efficiency of combustion under environmentally acceptable conditions.

C. Synthetic Fuels ............................. 240.0

1. High-BTU Gasification .................... 35.0

1270.0

340.0

Four pilot plants for testing advanced technologies will be built.
The best features will be incorporated into a demonstration plant
by 1979. Knowledge gained from building and operating plants
with existing technologies, under the Synthetic Fuels Pioneer
Program, should stimulate progress in this area.

2. Coal Liquefaction ......................... 75.0 375.0

Three pilot plants to test advanced processes for coal liquefaction
will be constructed, and a design for a major demonstration plant is
expected by 1979.

3. Low-BTU Gasification .................... 30.0 200.0

Entrained-bed and fluidized-bed methods for gasifying coal will be
tested through demonstration-plant operation in a joint
government-industry program of research and development. Three
to five other promising approaches to gasification will be. tested on
a pilot scale.

4. Synthetic Fuels Pioneer Program ............ 1. 00.0 355.0

This aggressive new program will immediately begin construction of
full-scale commercial plants using existing technologies for
producing synthetic fuels from coal. The Lurgi gasification
technique and the Fischer-Tropsch liquefaction method will be
employed, and a combined process for methanol production will
be included. Funding will be derived almost exclusively from
private industry, with guaranteed prices or loans as incentives.
These will be provided under the Defense Production Act or other
authority. Federal research and development funds will be added
for investigating processes, testing modifications that appear
promising, and disseminating findings. Benchmarks will be

DO0
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S
established for engineering performance, economic parameters, and
environmental aspects of commercial operations. This ambitious eC
production program is expected to accelerate specific research and
development efforts related directly to commercial-scale operations
and to speed up the implementation of new advances.

(S Millions)

FY 75 FY 75-79

D. Common Technology .......................... 90.0 380.0

1. Environmental Control Technology ........... 70.0 260.0

Program emphasis is on the development of advanced flue-gas
desulfurization processes that reduce requirements for sludge
handling and control and recover elemental sulfur. A major effort
will be made to complete and operate several lime/limestone pilot C
units attached to coal-fired electric generating plants.

The relatively new program directed toward identifying and controlling
fine-particulate emissions will be accelerated. Approximately half the
funding will be directed to the construction of pilot and demonstration units
and instrumentation required to assess the dimensions of this problem and C
the success of tested processes.

Chemical and mechanical cleaning processes applied to raw coal are
expected to remove up to half the organic sulfur. The TRW Meyers process
seems promising for such cleaning and will be tested.

Fuel-conversion process-control research and development efforts will
identify trace-element emissions that are expected to be present in
significant quantities when large volumes of coal are processed. Little is
known about their characteristics and control. The program will determine
the pollutant effluents and their rates of release and develop processes for
control so that the technology can be applied in early commercial-scale C
plants.

Residues from coal processing will create massive disposal problems that
could impact heavily on the environment. Methods for treating, revegetating,
or otherwise mitigating harmful or undesirable effects will be sought. In situ
coal gasification will be examined as a means of reducing environmental C
problems.

2. Supporting Research and Development ......... 20.0 120.0

Essential and urgent efforts in developing fittings, pipes, and other
hardware; enhancing supplies of hydrogen; and characterizing C
materials are required to support the main programs in coal
research. Coal conversion processes will operate at high
temperatures, contain corrosive and abrasive materials, and may
include high pressures. To be economic, the processes must run for
long periods without overhaul or replacement of major parts.
Materials and components that can survive under such conditions C
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must be engineered and tested. In many cases, basic metallurgy
problems must be solved. Undoubtedly, new problems will be
identified through operation of pilot and demonstration plants and
the commercial-scale plants in the Synthetic Fuels Pioneer
Program. Hydrogen used in coal conversion processes to enrich the
BTU content of the products is produced from the coal or from
process water. Current methods are costly or use large quantities of
feed stock. Theoretical and empirical efforts will be needed to
develop better catalytic methods to produce hydrogen from water.

The attainment of the objectives of the programs under Task 3 will
guarantee the previously projected supply, equivalent to 9.1 million
barrels/day of oil, and contribute an additional supply equivalent to 0.5
million barrels/day by 1980. By 1985 the projected supply of 11.4 million
barrels/day will be increased by 2.5 million barrels/day.

($ Millions)
FY75 FY 75-79

Task 4. Validate the Nuclear Option ............... $731.7 $4090.0

A. Safety, Enrichment, HTGR, Other ............... 216.2 1245.7

1. Safety-Reactors and Fuel Handling ........... 90.6 719.2

Theoretical and experimental investigations will be conducted to
determine component failure and accident probabilities for nuclear
reactors. Practical results derived from the Loss of Fluid Test
Facility (LOFT) will yield data necessary for the design and
engineering of safety features and the establishment of regulatory
standards.

An engineered waste-storage facility will be constructed, and a pilot
facility in bedded salt will be developed to assess the disposal of
long-lived radioactive wastes in geologic formations. Ancillary
solidification processes will be tested. Methods for elimination of
krypton, tritium, and transuranic components of reactor and
reprocessing effluents will be tested.

A dry cooling tower to replace liquid cooling will be investigated in
Wyoming in a joint government-industry venture. Standardized
criteria for nuclear reactor siting will result from an in-depth
assessment of the relationship between site characteristics and
construction and operating experience, hopefully expediting future
installations.

2. Uranium Enrichment ....................... 64.2 294.2

The search for more-efficient uranium enrichment processes will
include development aimed at improving the gaseous diffusion
process, demonstrating the commercial feasibility of the gas
centrifuge method, and exploring the technical feasibility of isotope
separation using lasers. The centrifuge test facility and ancillary
facilities -will be completed.
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FY75 FY 75-79

3. High-Temperature Gas Reactor (HTGR) ........ 40.0 163.8

The base program for the HTGR will continue the development of
components and will review safety features. Reprocessing and
refabrication pilot plants will be built to complete needed research
and development on the 2 3 3 U-thorium cycle. This work will
enlarge the potential fuel supply by adding the abundant element
thorium to uranium as a reactor fuel.

4. Light Water Self-Sustaining Reactor ........... 21.4 68.5

An experimental core for this reactor will be tested in the
Shippingport facility. Success of this concept will offer a way to
make the light-water reactor fuel cycle self-sustaining through
conversion to the 2 3 3 U-thorium cycle.

B. Breeders ................................... 515.5 2844.3

1. Liquid Metal Fast Breeder Reactor (LMFBR) ... 477.0 2556.6

A comprehensive LMFBR technology effort includes support of the
Fast Flux Test Facility and support of a 300-MW(e) LMFBR
demonstration power plant scheduled for operation in 1980 as a
joint government-industry venture. The LMFBR base program
includes continued development of fuels and studies of their
behavior under different conditions. Engineering and safety aspects
will be analyzed at a variety of specialized facilities. These include
an advanced fuels laboratory, a steam-generator test facility, a
safety test facility, and a transient safety test facility. The
suitability of various methods for handling and transporting
plutonium will be assessed to generate appropriate standards. C

2. Gas Cooled Fast Reactor (GCFR) ............. 17.0 140.0

The program for the GCFR will provide required technology on
fuel and reactor-core development, physics, and safety. A low level
of effort will also be expended on the molten-salt breeder program. C

3. Advanced Technology ...................... 21.5 147.7

This work is planned to develop new breeder fuel and materials that
can increase, breeding ratios and power ratings and decrease the
conservatism presently required in breeder designs. Neutron C
cross-section information needed for the design of fast reactors will
be developed.

The attainment of the objectives of the programs under Task 4 will
guarantee the previously projected supply equivalent to 3.6 million
barrels/day of oil, and contribute an additional supply equivalent to 0.2 0
million barrels/day by 1980. By 1985 these programs will guarantee the
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previously projected supply of 7.1 million barrels/day of oil equivalent and
add 0.6 million barrels/day of oil equivalent. ($ Millions)

FY75 FY 75-79

Task 5. Exploit Renewable Energy Sources .......... $217.5 $1835.0

A. Fusion .................................... 145.0 1450.0

1. Magnetic Confinement .................... 135.0 1340.0

Recent successes in fusion-related experiments confirm that the
program should move to the next level of orderly experimental
development. Computer-analyzed theoretical studies of
fusion-relevant plasmas in various confinement configurations will
be performed to understand the equilibrium, stability, and
transport properties of the plasmas. Facilities will be constructed to
test plasma shapes, neutral-beam heating, scaling, and improved.
confinement. Fusion plasmas create neutron, neutral,
charged-particle, and photon environments that have adverse effects
on most materials. Basic and applied research will be directed at
finding compatible materials that can be fabricated for use in fusion
reactors.

2. Laser Fusion ............................. 10.0 110.0

This subprogram will extend the theoretical base established in the
military-oriented laser fusion program. An experimental
demonstration of significant thermonuclear burn and of scientific
break even for the method is scheduled.

B. Solar ....................................... 32.5 200.0

1. Heating and Cooling of Buildings ............. 12.8 50.0

Solar heating and cooling of buildings is entering the pilot-plant
stage. Applicability studies, design-criteria development, and
component testing will be conducted on a much enlarged scale.
Operating pilot systems will be installed in single-family and
multifamily dwellings, in agricultural buildings, and in commercial
and industrial buildings. This effort could provide the basis for an
industry prepared to manufacture solar-energy heating and cooling
systems in large quantities. Component development is expected to
increase reliability and decrease costs.

2. Solar Thermal Conversion .................... 5.0 35.5

Major emphasis in this subprogram will be placed on the research
and development of key subsystems for the optical-transmission
central-receiver tower approach. Three system-design efforts will be
conducted in parallel. Design, hardware procurement and
integration, and testing of a I 0-MW(e) pilot plant will be achieved.
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($ Millions)
FY 5 FY 75-7910

3. Wind Energy Conversion ..................... 6.2 31.7

A series of experimental wind generator systems in increasing size
and performance capability will be constructed and tested. Multi-
unit wind generator systems making up a wind "farm" up to 10
MW(e) will be built late in the program period.

4. Ocean Thermal Conversion ................... 1.9 26.6

Emphasis will be placed on design, production, and testing of
system components. Key elements that will require significant
adaptation of existing technology include the heat exchanger,
deep-water pipe, and overall plant structural design.

5. Photovoltaic Conversion ..................... 4.2 35.8

The photovoltaic program will concentrate on the single-crystal
silicon approach, with a modest effort on alternative materials and
concepts. Major improvements in materials and processes are C
needed to permit automated production of cells and to accomplish
significant cost reductions.

6. Bioconversion ............................. 2.4 20.4

The construction and operation of one small-scale pilot plants
involves the conversion of wastes into methane and clean fuels.
Later in the program period a 10-ton/day urban waste pilot plant
will be constructed. Laboratory-scale studies of methods for
converting various organic materials, particularly including biomass
production, will also be studied.

C. Geothermal ................................. 40.0 185.0

1. Resource Assessment and Exploration .......... 9.7 49.2

Activities include the development and field use of new and
improved geophysical, geochemical, geologic, and hydrologic
instrumentation and techniques to locate and evaluate geothermal
resources. Improved prospecting and evaluation methods should
allow more confident prediction of the energy potential of
individual wells and entire fields. Assurance that a significant (20 to
30 year) supply of geothermal energy is available for plant
operation is essential in inducing potential users to invest in power
plant development.

2. Environmental, Legal, and Institutional Research .. 3.4 10.9

The effects of potential earth-tremor effects that might result if
geothermal resources are extracted will be analyzed. Recirculation C
methods may maintain in situ conditions and obviate such
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0
problems. Minerals, salts, and noxious gases may be prominent
by-products of the extraction procedures and must be monitored
and eliminated. Technology transfer will be encouraged by
cooperative arrangements with industry, and special attention will
be given to the institutional, legal, social, and environmental issues
bearing on utilization of these novel sources of energy.

(s Millions)

D FY 75 FY 75-79

3. Resource Utilization ...................... 16i9 78.6

Several different types of geothermal resources will be examined:
high-temperature low-salinity and high-salinity convective wells,
geopressured sedimentary systems, low-temperature convective

D wells, hot dry rock, and normal geothermal gradients. Four
different demonstration plants will be completed and a fifth plant
will be started. Each type of resource poses special problems in
location and distribution, reservoir analysis, environmental hazards,
energy conversion and utilization, and severity and solution time of
technical questions involved in bringing the resource to on-line
production. Each experimental facility, therefore, will serve as a
flexible test bed for research and engineering development, as well
as for demonstrations of electrical generation and other uses of
geothermal heat. Technology transfer will be encouraged by
cooperative arrangements with industry.

4. Advanced Research and Technology ........... 1 I0.0 46.3

Major technical problems to be solved are concerned with drilling in
hostile geothermal environments, methods of well completion,
materials and equipment for extracting corrosive fluids, monitoring
and controlling emissions and wastes, and developing practical
binary cycles that use low-temperature working fluids.

The attainment of the objectives of the programs under Task 5 will
guarantee the previously projected supply, equivalent to 0.8 million
barrels/day of oil, and contribute an additional supply equivalent to 0.2
million barrels/day by 1980. By 1985 it will guarantee the previously
projected supply of 1.0 million barrels/day and add 0.8 million barrels/day
of oil equivalent.

SUPPORTING PROGRAMS (Incremental Funding) .... $153.8 $1000.0

A. Environment ............................... 105.9 650.0

These programs aim to provide a sound scientific and technical basis for
ensuring that potential environmental and health insults will be
recognized and effectively controlled as policies to regain and maintain
self-sufficiency are implemented.

1. Pollutant Characterization, Measurement,
and Monitoring .......................... 13.3 96.3
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The chemical and physical characteristics of by-products associated
with each phase of existing and new energy systems from extraction
through utilization of the energy will be identified. Methods will be
improved or developed for measuring and monitoring ambient and
source levels of airborne sulfur oxides, fine particulates, sulfates,
krypton, strontium, tritium, waterborne nitrates, and cyanides
released by energy systems. ,$ Million-%

ec

FY76

2. Environmental Transport Processes ........... 20.5
FY 7S-79

110.0
C

Field studies will be conducted to determine the relationships
between emissions of thermal, chemical, and radioactive pollutants
and the resulting environmental concentrations by accounting for
the pathways of these substances from the energy-system emitter to
ultimate fate in the atmosphere or in fresh or marine waters.

C

3. Effects: Health, Ecological, Welfare, and Social .. 69.1 413.7

These studies are intended to strengthen the scientific basis for
existing and new air and water quality standards, to define the
effects of simultaneous exposure to number of pollutants, and to
determine long-term low-level effects of fossil-fuel and radioactive
pollutants. Ecological research will assess the impact of coal, oil
shale, uranium, and geothermal extraction techniques; of emissions
released from energy conversion and reprocessing plants; of
waste-heat release and antifouling additives; and of entrainment and
impingement in cooling systems. The effects of environmental
pollution on the general social welfare will be investigated in studies
of public attitudes and values and in physical analyses of artistic
works and building materials.

C

C
4. Environmental Assessment and Policy Formulation 3.0 30.0

Mechanisms will be developed to evaluate the institutional,
economic, sociological, and technical implications of environmental
impacts and controls and to calculate cost-benefit relationships.
Such analyses of alternative energy systems and research and
development proposals should permit rational integration of
environmental considerations into the energy-policy decision-
making process.

C

CB. Basic Research .............................. 43.0 300.0

These programs are designed to explore phenomena, processes, and
techniques in physical, chemical, biological, environmental, and social
sciences affecting energy to ensure the development of new basic
knowledge. Discoveries of new concepts may revolutionize energy
production and utilization. eeC
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($ Millions) __

FY 75 FY 75-79
1. Materials ................................ 8.0 55.0

This work is directed toward understanding the reactions of
materials subjected to high temperature, thermal shock, radiation in
various forms, and corrosives. Super-conducting materials for very
long distance electrical transmission, ion conductance phenomena,
and properties of ceramic materials will be investigated.

2. Chemical, Physical Engineering .............. 16.0 110.0

The production of hydrogen and hydrocarbons by thermochemical,
photochemical, and biochemical processes from nonfossil sources
including water will be stressed. Efforts will be supported to gain
understanding of hydrogen storage systems, principally hydrides; of
catalysis and the roles of surfaces; of kinetic and heat-transfer
processes that affect combustion efficiences; of thermodynamic
properties of reactants and carriers important in the energy system;
of atmospheric and oceanic mixing; of separation processes; and of
methods for detecting the distribution of trace elements and
pollutants.

3. Biological .............................. 12.0 80.0

Basic knowledge will be acquired to convert organic wastes to
usable fuels and to detoxify energy-related wastes. Hydrology and
climatology, ecosystem interactions, and environmental' geology
will receive attention.

4. Plasm as ................................. 3.0 20.0

Fundamental research into plasmas and their response to
electromagnetic fields and radiation will aid in the development of
dire ct energy conversion systems, orbital solar stations,
colliding-beam fusion reactions, and the potential use of kinetic and
rotational energies of ocean and planetary movements. Plasma
physics is essential, of course, to the entire fusion program.

5. Mathematical and Social .................... 4.0 35.0

Modeling of the entire energy system will require mathematical and
computer techniques to handle large and complex technical and
socioeconomic data bases in order to understand the effect of
technological developments and policy decisions on the energy
system. To better understand future energy requirements, social
and psychological responses of people, including motivational
studies, and national attitude analyses may be helpful. Finally,
analysis of the effects of national regulatory policies and
international relations on the dynamics of both energy research and
development and production will require novel methodologies.D * I*
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($ Millions)
FY 75 FY 75-79 ec

C. Manpower Development ......................... 5.0 50.0

While the potential for redistribution of technical manpower is high,
reorientation or retraining will be necessary, and major growth in the longer
term must be ensured. The proposed funding level will support a program
that would reach over 2000 persons annually, many of them faculty and
managers responsible for the education and training of the future manpower C
pool.

1. Faculty Orientation ............................ 1.5 7.5

Institutes, special courses, workshops, conferences, and off-campus
appointments for university faculty currently teaching courses in science C
or technology or conducting research in these fields will be organized
and supported.

2. Managerial Training and Orientation ............... 0.5 2.5

Courses and workshops for managers will orient them to particular
problems in augmenting the technical manpower forces under their
control.

3. Student and Postgraduate Support ................. 1.5 20.0

Support will be directed toward undergraduate and postgraduate
students pursuing science and engineering. Traineeships, scholarships,
research stipends, and postdoctoral fellowships will be required in
energy and energy-related areas.

4. Industry/Labor Manpower Development Program ..... 1.5 20.0

A cooperative program with national laboratories and contractors will
lead to retraining and reorientation of technical workers whose skills qre
presently inappropriate to specific needs in energy-related industries.
Government funding will support external educational assistance,
manpower increases needed to conduct training, and training period
stipends.

The incremental funding provided in these areas of environmental
research, multidirectional research, and manpower development represents
vital support for the near and longer term energy research and development
and implementation efforts. Additional program detail is in Appendix A.
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'I ) Table 2-6.-SUMMARY SCHEDULE OF FEDERAL ENERGY RESEARCH AND
DEVELOPMENT PROGRAMS, FY 1975-1979, BY TASK

($ Millions)

FY 75-79 Energy Research and Development Programs FY 75-79

Self-Sufficiency Task Agency
FY 73 FY 74 FY 75 FY 76 FY 77 FY 78 FY 79 FY 75-79 Projections

1. Conserve Energy and Energy Resources
R educed Co nsu mpt io n ........... 12.1 22.3 29.9 43.7 51.5 44.4 40.5 210.0 15.0
Increased Efficiency ............. 40.7 40.0 136.3 223.4 267.0 287.8 315.5 1230.0 80.0

Subtotal ..................... 52. 62.3 1662 267.1 3185 332.2 356.0 1440.0 i

2. Increase Domestic Production of Oil
and Gas

Production ..................... 12.8 11.2 31.7 89.1 79.5 59.5 50.2 310.0 50.0
Resource Assessment ............. 7.2 8.3 20.0 23.0 29.5 37.5 40.0 150.0 40.0

Subtotal ..................... 20.0 19.5 51.7 112.1 109.0 97.0 90.2 760.0 90.0

3. Substitute Coal for Oil and Gas on a
Massive Scale

Mining ........................ 45.0 57.0 64.0 77.0 82.0 325.0
Direct Combustion ............... 30.0 35.0 40.0 44.0 51.0 200.0
High-BTU Gasification ............ 35.0 75.0 92.0 81.0 57.0 340.0
Coal Liquefaction ............... 75.0 75.0 75.0 75.0 75.0 375.0
Low-BTU Gasification ............ 30.0 37.0 42.0 48.0 43.0 200.0
Synthetic Fuels-Industry

Pioneering .................... 100.0 100.0 55.0 50.0 50.0 355.0
Environmental Control
Technology ................... 70.0 50.0 42.0 45.0 53.0 260.0

Supporting Research and
Development .................. 20.0 22.0 24.0 27.0 27.0 120.0
Subtotal ..................... 88.8 167.2 405.0 451.0 434.0 447.0 438.0 2.175.0 842.0

4. Validate the Nuclear Option
Safety and Other ................ 42.7 51.7 90.6 125.6 143.0 170.5 189.5 719.2 609.9
Uranium Enrichment ............. 50.3 56.8 64.2 54.8 57.4 58.4 59.4 294.2 284.5
High Temperature Gas Reactor 7.2 14.2 40.0 44.7 24.2 26.9 28.0 1638 128.6
Light Water Self-Sustaining
Reactor ...................... 29.5 29.0 21.4 17.7 98 9.8 9.8 685 68.5

Liquid Metal Fast Breeder
Reactor ...................... 253.8 356. 477.0 538.6 510.8 524.2 506.0 2,556.6 2,470.6

Gas Cooled Fast Breeder .......... 1.0 1.0 17.0 23.0 29.0 33.0 38.0 140.0 27.0
Advanced Technology ............ 11.3 7.8 21.5 24.5 30.5 34.0 37.2 147.7 83.2

Subtotal ..................... 395.8 517.3 731.7 828.9 804.7 856. 867.9 4,090.0 3,672.3

5. Exploit Renewable Energy Sources to
the Maximum Extent Feasible

Fusion-Confinement ............ 39.7 55. 135.0 230.0 261.0 338.0 376.0 1,340.0 1,132.0
Fusion-Laser .................. 35.1 42.9 10.0 20.0 25.0 25.0 30.0 110.0
Solar ......................... 4.2 13.2 32.5 39.9 41.4 42.2 44.0 200.0 80.0
Geothermal .................... 32 11.1 40.0 41.0 40. 35.7 27.5 185.0 20.0

Subtotal ..................... 82.8 123.0 217.5 330.9 368.2 440.9 477.5 1,835.0 1,232.0

TOTAL ............................ 640.2 889.3 1,572.1 1,990.0 2,034.4 2,173.9 2,229.6 10,000.0 5,931.3

Table 2-6.-SUMMARY SCHEDULE OF FEDERAL ENERGY RESEARCH
AND DEVELOPMENT PROGRAMS, FY 1975-1979

($ Millions)

FY 75-79 Energy Research and Development Programs

FY 75 FY 76 FY 77 FY 78 FY 79 FY 75.79

Operating Expenses ................ 1,062.1 1,311.0 1,451.4 1.519.3 1.618.8 6.962.6

Equipment ....................... 160.7 233.4 211.3 242.4 250.3 1,098. I

Construction ...................... 349.3 445.6 371.7 412.2 360.5 1,939.3

TOTAL .......................... 1,572.1 1,990.0 2.034.4 2,173.9 2.229.6 10,000.0
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I
Table 2-7.-OPERATING EXPENSES FOR FEDERAL ENERGY RESEARCH

AND DEVELOPMENT PROGRAMS, FY 1975-1979 eC($ Millions)

FY 75-79 Energy Research and Development Programs

Self-Sufficiency Task FY 75 FY 76 FY 77 FY 78 FY 79 FY 75-79

1. Conserve Energy and Energy Resources
Reduced Consumption ......... 26.6 34.3 38.2 36.6 35.2 170.9 C
Increased Efficiency .......... 112.2 155.5 178.8 190.2 216.0 852.7

Subtotal ................... 138.8 189.8 217.0 226.8 251.2 1,023.6

2. Increase Domestic Production of Oil
and Gas

Production ................... 26.0 70.2 67.6 51.6 45.9 261.3
Resource Assessment ........... 14.8 19.8 24.7 31.5 33.7 124.5 C

Subtotal ................... 40.8 90.0 92.3 83.1 79.6 385.8

3. Substitute Coal for Oil and Gas on a
Massive Scale

Mining ...................... 28.5 34.5 36.0 41.5 45.5 186.0
Direct Combustion ............ 12.8 18.4 10.9 12.4 13.3 67.8 C
High-BTU Gasification .......... 12.5 24.0 47.0 49.0 53.0 185.5
Coal Liquefaction ............. 52.0 38.0 38.0 40.0 45.0 213.0
Low-BTU Gasification .......... 3.8 5.0 7.,., 10.0 14.0 39.8
Synthetic Fuels-Industry

Pioneering .................. 46.0 45.5 50.0 44.5 44.0 230.0
Environmental Control

Technology ................. 42.0 25.0 22.0 30.0 47.0 166.0
Supporting Research and

Development ................ 18.0 20.0 21.5 24.0 24.0 107.5
Subtotal ................... 215.6 210.4 232.4 251.4 285.8 1,195.6

4. Validate the Nuclear Option
Safety and Other .............. 74.8 88.5 104.6 117.6 130.6 516.1
Uranium Enrichment ........... 44.1 47.0 48.0 49.0 50.0 238.1
High-Temperature Gas

Reactor .................... 20.8 21.3 22.8 25.3 26.3 116.5
Light Water Self-Sustaining

Reactor .................... 21.1 17.4 9.3 9.3 9.3 66.4
Liquid Metal Fast Breeder

Reactor .................... 303.6 361.3 380.4 390.6 382.3 1,818.2 C
Gas Cooled Fast Breeder ........ 13.0 21.4 26.8 30.2 34.6 126.0
Advanced Technology .......... 21.1 23.8 29.2 32.4 35.6 142.1

Subtotal ................... 498.5 580.7 621.1 654.4 668.7 3,023.4

5. Exploit Renewable Energy Sources to
the Maximum Extent Feasible

Fusion-Confinement .......... 112.0 170.0 215.0 235.0 265.0 997.0
Fusion-Laser ................ 8.0 17.0 22.0 22.0 27.0 96.0
Solar ....................... 21.2 22.4 21.5 19.3 19.9 104.3
Geothermal .................... 27.2 30.7 30.1 27.3 21.6 136.9

Subtotal ................... 168.4 240.1 288.6 303.6 333.5 1,334.2

TOTAL .......................... 1,062.1 1,311.0 1,451.4 1,519.3 1,618.8 6,962.6
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Table 2-8.-EQUIPMENT OBLIGATIONS FOR FEDERAL ENERGY RESEARCH
AND DEVELOPMENT PROGRAMS, FY 1975-1979

($ Millions)

FY 75-79 Energy Research and Development Programs
Self-Sufficiency Task - FY 75 FY 76 FY 77.: FY,78 FY 79 FY 75-79

1. Conserve Energy and Energy Resources

I

Reduced Consumption .........
Increased Efficiency...........

Subttal ...................

2. Increase Domestic Production of Oil
and Gas

Production ...................
Resource Assessment..........

Subtotal ...................

3. Substitute Coal for Oil and Gas on a
Massive Scale

Mining ......................
Direct Combustion ............
High-BTU Gasification ..........
Coal Liquefaction .............
Low-BTU Gasification ..........
Synthetic Fuels-Industry

Pioneering ..................
Environmental Control

Technology .................
Supporting Research and

Development ................
Subtotal ...................

4. Validate the Nuclear Option
Safety and Other ..............
Uranium Enrichment ...........
High-Temperature Gas

Reactor
Light Water Self-Sustaining

Reactor ....................
Liquid Metal Fast Breeder

Reactor ....................
Gas Cooled Fast Breeder ........
Advanced Technology ..........

Subtotal ...................

5. Exploit Renewable Energy Sources to
the Maximum Extent Feasible

Fusion-Confinement ..........
Fusion-Laser ................
Solar .......................
Geothermal ..................

Subtotal ...................

2.7
20.5
23.2

5.7
2.7
8.4

6.2
41.2
47.4

18.9
3.2

22.1

8.7
49.0
57.7

11.9
4.3

16.2

.4.2
46.2
50.4

7.9
6.0

13.9

3.5
47.2
50.7

4.3
6.3

10.6

25.3
204.1

229.4

48.7
22.5
71.2

13.0
5.1
1.5
5.0
1.0

16.0
6.6
1.0
7.0
1.7

18.5 22.5 30.0,
9.4 10.2 15.1

5.0 6.0 10.0
2.0 1.0

5.0 5.5 6.0

100.0
46.4

2.5
33.0

5.7

25.04.0 4.5

10.0 5.0 4.0 4.0 5.0 28.0

2.0 2.0 2.5 3.0 3.0 12.5
41.6 43.8 46.4 51.2 70.1 253.1

13.8 7.1 8.4
5.1 4.8 6.4

8.9
6.4

8.9 47.1
6.4 29.1

1.2 1.4 1.4 1.6 1.7 7.3

0.3 0.3 0.5 0.5 0.5 2.1

23.4 33.3 27.4 29.6 40.7 154.4

1.0
0.4

45.2

23.0
2.0
8.3
9.0

42.3

1.6
0.7

49.2

49.0
3.0

11.6
7.3

70.9

'2.2
1.3

47.6

24.0
3.0

11.0
5.4

43.4

2.8
1.6

51.4

3.4
1.6

63.2

11.0
5.6

256.6

189.0
14.0
55.6
29.2

287.8

58.0 35.0
3.0 3.0

10.1 14.6
4.4 3.1

75.5 55.7

eS
TOTAL .......................... 160.7 233.4 211.3 242.4 250.3 1,098.1
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Table 2-9.-CONSTRUCTION OBLIGATIONS FOR FEDERAL ENERGY RESEARCH
AND DEVELOPMENT PROGRAMS, FY 1975-1979

($ Millions)

FY 75-79 Energy Research and Development Programs
Self-Sufficiency Task FY 75 FY 76 FY 77 FY 78 FY 79 FY 75-79

ec

1. Conserve Energy and Energy Resources
Reduced Consumption .........
Increased Efficiency ...........

Subtotal ...................

2. Increase Domestic Production of Oil
and Gas

Production ...................
Resource Assessment ...........

Subtotal ...................

3. Substitute Coal for Oil and Gas on a
Massive Scale

M ining ......................
Direct Combustion ...........
High-BTU Gasification ..........
Coal Liquefaction .............
Low-BTU Gasification ..........
Synthetic Fuels-Industry

Pioneering ..................
Environmental Control

Technology .................
Supporting Research and
Development...............
Subtotal ...................

0.6
3.6
4.2

3.2
26.7
29.9

4.6
39.2
43.8

3.6
51.4
55.0

1.8
52.3
54.1

13.8
173.2
187.0

C

C2.5
2.5

0.5
0.5

9.5
19.7
45.0
32.0
33.0

6.5
10.0
50.0
30.0
30.3

50.0

13.0
21A4
32.0
29.0
38.0

6.5
22.6

4.0
20.0
28.0

3.0
3.0

39.0
85.8

152.0
129.0
154.5

100.0

C

20.0 16.0 11.0 1.0 66.0

147.8 196.8 155.2 144.4 82.1 726.3

4. Validate the Nuclear Option
Safety and Other .............. 2.0
Uranium Enrichment ........... 15.0
High-Temperature Gas

Reactor 18.0
Light Water Self-Sustaining

Reactor ....................
Liquid Metal Fast Breeder

Reactor .................... 150.0
Gas Cooled Fast Breeder ........ 3.0
Advanced Technology ........... _

30.0 30.0
3.0 3.0

22.0

144.0 103.0 1

44.0 50.0 156.0
3.0 3.0 27.0

40.0

104.0 83.0 584.0
3.0

C

C

Subtotal ................... 188.0 199.0 136.0 151.0 136.0 810.0

5. Exploit Renewable Energy Sources to
the Maximum Extent Feasible

Fusion-Confinement...........
Fusion-Laser................
Solar.......................
Geothermal..................

Subtotal ..................

TOTAL .........................

11.0 22.0 45.0 76.0 154.0 C

3.0
3.8
6.8

5.9
3.0

19.9

8.9
5.3

36.2

12.8
4.0

61.8

9.5
2.8

88.3

40.1
18.9

213.0

349.3 445.6 371.7 412.2 360.5 1,939.3
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Table 2-10.-OPERATING EXPENSES AND EQUIPMENT AND CONSTRUCTION
OBLIGATIONS FOR FEDERAL SUPPORTING RESEARCH

AND DEVELOPMENT PROGRAMS, FY 1975-1979
($ Millions)

FY 75-79 Energy Research and Development Programs

FY 75 FY 76 FY 77 FY 78 FY 79 FY 75-79
Operating Expenses

Environmental Research ........
Basic Research ................
Manpower Development........

Subtotal ...................

Equipment Obligations
Environmental Research ........
Basic Research ................
Manpower Development ........

Subtotal ...................

Construction Obligations
Environmental Research ........
Basic Research ................
Manpower Development........

Subtotal ...................

88.5
39.0

5.0
132.5

98.5
52.1

9.0
159.6

111.0
59.6
12.5

183.1

125.7
60.7
12.3

198.7

137.1
59.2
11.2

207.5

560.8
270,6

50.0
881.4

51.2

29.4

80.6

5.9 9.9
4.0 5.9

9.9 15.8

11.5 13.5

11.5 13.5

10.5 18.7 6.2
6.4 6.3 6.8

16.9 25.0 13.0

7.0 3.0 3.0 38.0

7.0 3.0 3.0 38.0

TOTAL 153.9 188.9 207.0 226.7 223.5 1,000.0

D

D

D

DO
33



D

Energy Supply and Demand

The goals of the energy research and development program can be
deduced from a brief analysis of the energy situation which sets out:

0 Recent developments.
0 The present situation.
* Desired future conditions.
0 Measures required to attain those conditions.4 Research and development needs to make those measures possible.

RECENT DEVELOPMENTS

This Nation has until recently been blessed with abundant domestic
supplies of readily accessible fuels. As a result, energy has been cheap relative
to other commodities. Even today, United States energy costs relative to
those of other commodities are less than in any other industrialized country,
and these costs have declined over the last several years. In 1972 energy costs
amounted to some 4% of the United States gross national product compared
to 8 to 12% for most nations in Western Europe.

Until quite recently, energy has been produced from domestic resources
in ways that seemed environmentally acceptable. Under these conditions
United States consumption of energy has expanded' enormously and at
increasingly rapid rates, as shown in Figure 3-1. In 1972, with one-sixteenth
of the world's population, the United States consumed more than one-third
of the world's total energy production. The trend in absolute level of energy
consumption is upward, although the United States share of total world
consumption can be expected to fall as development proceeds in other
countries.

About 25 years ago, major trends caused by market forces began to
influence the energy system. The cleanest and most convenient fuels, natural
gas and petroleum, were also the cheapest; so they began to displace coal. As
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Figure 3-1

GROWTH IN UNITED STATES TOTAL ENERGY CONSUMPTION, 1947-1972
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1952 1967 1962 1967 1972
YEAR

Year
1947 1952 1957 1962 1967 1972 C

Total Energy Inputs (1012 BTU)

Five-Yeer Average Annual Rate
of Growth (%)1

33.035 36.458 41,706 47,422 58,265 72,091

1.99 2.73 2.60 4.20 4.35

'These are average annual growth rates for each successive five-year period (e.g., 1947-1952, 1952.1957).

SOURCE: "'UNITED STATES ENERGY THROUGH THE YEAR 2000:' DEPARTMENT OF INTERIOR. 1972

consumption of petroleum began to outstrip domestic production rates, the
United States began to import foreign oil because it was cheaper than
domestic oil.

Although the Nation has been importing crude oil and refined products
since the late 1940s, it was a net exporter of energy until 1958. Until then
the energy value of coal exports exceeded that of oil imports. Figure 3-2
traces the growing contribution of oil and oil imports to our energy supplies.
In 1957 the net imports of petroleum and petroleum products were 1
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Figure 3-2

UNITED STATES OIL CONSUMPTION AND OIL IMPORTS, 1947-1972
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1952 1 CLq7 1IQ"' 19R7 1972I
YEAR

Year
1947 1952 1957 1962

WVVf

1967 1972

Energy Inputs (1012 8TU)
Total Energy Inputs

Total Oil Consumption

Net Oil Imports

Oil Imports a a Percentage of:

Total Oil Consumption (%)

Total Energy (%)

Oil Consumption as a Percentage
of Total Energy (%)

33,035

1,367

10

38,458

15,334

1,186

41,706

18,570

2,253

47,422

21,267

4,222

58,265

25,335

4,841

72,091

32,812

9,588

7.7 12.1 19.9 19.1 29.2

3.3 5.4 8.9 8.3 13.3

34.4 42.1 44.5 44.8 43.5 45.5

SOURCE: "UNITED STATES ENERGY THROUGH THE YEAR 2000.: DEPARTMENT OF INTERIOR. 1972

million barrels/day. This represented some 12% of United States oil
consumption, but only 5% of United States energy consumption at the time.
The import levels grew slowly at first then rapidly in recent years. During the
first half of 1973, the United States imported over 6 million barrels/day of
oil, which represented about 33% of its oil consumption and about 17% of
its energy consumption in that period.-D 0 0
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Late in this same period, the rate of exploration for natural gas declined
for two reasons. First, natural gas is often found in conjunction with or
while seeking oil; however, with the discovery of cheap foreign oil sources,
most oil exploration activity moved abroad. Second, a ceiling was imposed
on the wellhead price of gas. As drilling costs rose and finding rates declined,
the ceiling price reduced the incentive to drill for gas in the United States.
With the price of gas lower than it would have been on the free market, gas
consumption grew at an even faster rate than total energy consumption,
increasing from 13% of total energy consumed in 1947 to 32% in 1972, as
shown in Figure 3-3. Natural gas had all the advantages; it was cheaper,

Figure 3-3

UNITED STATES NATURAL GAS CONSUMPTION, 1947-1972
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1952 1957 1962 1967 1972
YEAR

C

Year
1947 1952 1957 1962 1967 1972

Energy Inputs (1012 BTU)
Total Energy Inputs

Natural Gas

Natural Gas as a Percentage
of Total Energy (%)

C33,035 36,458 41,706 47,422 58,265 72,091
4,518 7,760 10,416 14,121 18,250 23,308

13.7 21.3 25.0 29.8 31.3 32.3

SOURCE: "UNITED STATES ENERGY THROUGH THE YEAR 2000.' DEPARTMENT OF INTERIOR, 1972
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cleaner, and more convenient than other fuels, and its supply appeared to be
ensured.

The gains in oil and gas use were made at the expense of coal. The share
of coal in supplying total United States energy needs fell from 48% in 1947
to 17% in 1972. Details are shown in Figure 3-4.

More recently, environmental concerns led to the passage of the Clean
Air Amendments of 1970 (P.L. 91-604), which set ambient air quality
standards to be attained and maintained. Meeting these standards required

Figure 3-4

UNITED STATES COAL CONSUMPTION, 1947-1972
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1947 1952 1957 1962 1967

YEAR
1972

Year
1947 1952 1957 1962 1967 1972

Energy Inputs (1012 BTU)

Total Energy Inputs

Coal

Coal as a Percentage of
Total Energy (%)

33,035 36,458 41,706 47,422 58,265 72,091

15,824 11,868 11,168 10,189 12,256 12,428

47.9 32.6 26.8 21.5 21.0 17.2

SOURCE: "UNITED STATES ENERGY THROUGH THE YEAR 2000," DEPARTMENT OF INTERIOR, 1972
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significant reductions in emissions of sulfur oxides from the stacks of most
coal-burning processes. At that time most coal used had a high sulfur
content; so the new emission standards accelerated sharply the shift fromcoal to oil and gas.

So long as supplies of oil imports seemed to be ensured, there was little
cause for concern about domestic self-sufficiency. United States companies
owned controlling interests in the firms producing and delivering foreign oil,
and there seemed to be no practical limits on foreign production capacity.
That much of the refining was done abroad and products were imported was
no cause for concern so long as a continuous flow of fuel was reasonably
ensured. Failure to use cheap foreign oil would have caused an unnecessary
rise in the cost of energy at home and slower progress toward meeting
desired environmental standards. The result has been an increasing
dependence on oil imports.

THE PRESENT SITUATION

Suddenly a new set of conditions exists. A major portion of foreign oil
supplies has been interrupted, and there are no readily available alternate C
sources for the quantity required. Consequently the United States faces
major economic dislocations and unwelcome changes in the way its people
live, work, and play.

'Energy policy makers must choose among some undesirable alternatives
to adjust to these new conditions. To absorb the sudden reduction in oil
imports, the United States will pay a high price in some combination of
dollars, environmental impacts, and social dislocations. The exact amounts
of each required to balance energy supply and demand are determined by
the state of energy production and use technology and by the behavior
patterns of the producers and consumers of energy. The nature of the
present emergency is clear; its dimensions are less so. C

HOW FAR TO SELF-SUFFICIENCY?

The specifics of the energy supply and demand situation as of 1970 are
displayed in Figure 3-5. Forecasts of the demand for energy and the
contribution of the various fuel sources to meet that demand are based C
largely on projections of trends dictated mostly by economic considerations.
A consensus of estimates of the 1980 energy situation past trends
continued is shown in Figure 3-6. That consensus projected oil imports of 10
million barrels/day and gas imports equivalent to almost 2 million more
barrels/day of oil. Clearly the energy situation in 1980 will have to differ by
the equivalent of some 12 million barrels/day of oil from previous estimates c
if the Nation is to be self-sufficient by then.

In the face of current and projected shortages, the price of energy
relative to that of other commodities will rise sharply. This rise will generate
economic incentives both to conserve energy and to increase domestic
supplies. The extent of these changes depends on: c
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0 How fast the price rises.
* How high it rises.
* How long it maintains given levels.
a What consumers and producers expect to happen to future prices.
* Their responses over time to the pattern of actual and expected

price increases.

None of these quantities is known.

One thing is clear beyond question: the Nation must exert every effort
toward reducing the rate of growth in energy demand and increasing
domestic energy supplies. The projected shortage of approximately 12
million barrels/day of oil equivalent by 1980 (Figure 3-6) did not
incorporate the effects of the sharp rise in the price of energy expected in
the near future.

Because the rise in energy cost will, of itself, restrain the growth of
energy demand to some extent, the self-sufficiency target for increased
production by 1980 will be something less than 12 million barrels/day of oil
equivalent. How much less is not known with any confidence; one
high-priority energy research and development objective must be to develop
better methods for predicting that quantity.

Projections of the effect of price increases on moderating energy
demand were developed. as follows. If the real cost of energy doubles
throughout the economy by 1980, an optimistic prediction would be to
expect a 10% reduction in total energy demand in response to a doubling of
the relative price of energy. This means that domestic supplies would still
have to increase by the equivalent of something like 7.3 million barrels/day
of oil if administrative rationing measures are to be avoided. An even more
optimistic prediction-that a doubling of the relative price of energy would
reduce the demand by 15%-would still require an increase in domestic
production of about 5 million barrels/day of oil equivalent.

Clearly a major part of the burden of attaining self-sufficiency without
controls must fall on increased supplies. For the United States to attain
energy self-sufficiency by 1980, even if present energy costs are doubled,
domestic supplies will have to increase by the equivalent of 5 to 7 million
barrels/day of oil.

But the requirement to regain self-sufficiency does not stem from the
present oil embargo alone. Figure 3-7 shows the expected long-range
development of the Nation's energy future before the requirement to regain
and sustain domestic self-sufficiency. Although estimates this far in the
future are imprecise, this figure does show the relative magnitudes of the
major transformations that were projected for the energy system. The huge
bulge in projected imports is the most striking characteristic. The
balance-of-payment implications of this level of imports in the face of
competing claims from other users and restricted production rates by

S producing countries are reason enough in themselves to begin now to move
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Figure 3-5
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toward self-sufficiency. The present crisis has simply accelerated the time of
a general awareness of the problem; it may well turn out to have been a
blessing in disguise. Figure 3-7 also helps convey the magnitude of the job to
be done in sustaining domestic self-sufficiency for any period after it is
attained by 1980.

Figure 3-8, a modification of Figure 3-7, displays an estimate of the
changes that will have to be made by 1980 in domestic energy production
and consumption to regain self-sufficiency by 1980. It shows the dramatic
increase in domestic fossil-fuel production that will be required, even
assuming a 10% decline in the previously projected levels of energy demand.
Such a fundamental change over the next seven years will be possible only
with a vigorous energy research and development program and an equally
vigorous production program that supports the early and widespread
application of technological advances throughout the economy. The clear
message in Figures 3-7 and 3-8 is that major transformations of the energy
system are going to be required and the Nation must get started on them
now.
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Figure 3-7
ENERGY FUTURE WITHOUT SELF-SUFFICIENCY
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ecFigure 3-8
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Tasks Required to Regain and
Maintain -Energy Self-Sufficiency

The President has determined that the Nation should regain energy
self-sufficiency by 1980. The Nation's longer term energy goal is to maintain
that self-sufficiency at minimal dollar, environmental, and social costs.

Urgent research and development and supporting policy emphasis must
be placed immediately and simultaneously on five major tasks to realize
these goals. These five tasks are:

" Conserve energy and energy resources.
" Increase domestic production of oil and gas.
" Substitute coal for oil and gas on a massive scale.
" Validate the nuclear option.
" Exploit renewable energy sources to the maximum extent feasible.

D
The major features of these tasks are set out below.

TASK 1. CONSERVE ENERGY AND ENERGY RESOURCES

Every effort short of administrative controls, if possible, must be made
to reduce energy consumption and to increase the technical efficiency of the
energy system. There is an overriding need for knowledge about the effects
of potential policy options and of price rises on energy consumption and for
an extensive data base and a usable model of the energy system. Global
policy analyses of the interactions among the components of the energy

D system are urgently needed to identify potential conservation opportunities
and the measures required to exploit them. Information from such efforts
can serve to guide immediate choices among policy options. For example,
such analyses would identify as candidates for energy savings those activities
most destructive of the environment which are deemed least essential to
society's other goals.
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At the same time, urgent attention must be directed to achieving the
desired end-use energy consumption with fewer energy resources. This
category of goals focuses on improving the efficiency of both stationary and
mobile conversion processes and of transmission, distribution, and storage
systems. Large savings might come from new ways of combining existing
technologies to capture what is now waste heat from certain processes to do
useful work. In general, gains in efficiency may be expected to reduce
undesirable environmental effects and energy costs as well as extend the
useful lifetime of our domestic energy sources. The immediate gain from
conservation measures will be to minimize the extra production needed from
domestic resources to regain self-sufficiency.

TASK 2. INCREASE THE DOMESTIC PRODUCTION OF OIL AND GAS

The role of oil and gas is so pervasive in the Nation's energy economy
that the highest priority must be given to locating and recovering more oil
and gas from domestic fields and to recovering more oil from shale.
Secondary and tertiary recovery methods in existing fields, improved drilling
methods for offshore sites, release of gas from tight formations, and
extraction of oil from shale, offer much promise for immediate and
short-term payoff. Scrupulous attention to environmental risks must be
ensured, but such attention cannot be allowed to interfere with production
increases. Rather, work must proceed at once on methods to prevent
environmental damage, e.g., oil spills and well blowouts, and to clean up
after accidents that do occur. Techniques must be advanced to contain the
leachings from shale residue in confined areas. In situ retorting of shale,
while problematical, could have very large benefits if successful.

TASK 3. SUBSTITUTE COAL FOR OIL AND GAS
ON A MASSIVE SCALE

This task can be divided into two parts. The first is to switch wherever
possible to the direct use of coal where oil and gas are now used, as in boilers
in industry and in central power stations. This action can be taken almost
immediately. The switch would be limited primarily by the amount of coal
available, the transportation capability, and the availability of equipment to
modify certain plants. Coal is an enormous domestic resource, and
immediate and intensive efforts must be mounted to mine more of it and
burn it at acceptable emission levels. "Front-end" processes that remove
excess sulfur during combustion and "back-end" processes, such as stack-gas
cleanup, must receive urgent and continued attention. Special attention is
needed to determine quickly the appropriate balance between the removal of
micron particles and the removal of sulfur oxides. Ambient air quality
standards should be considered in conjunction with extensive
instrumentation and monitoring to detect adverse effects at an early stage.
Processes for solvent refining of coal should be explored on a priority basis.
As with shale, in situ processes, though a high-risk area, offer the prospect of
very high payoff if they can be developed.
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The second part of the coal-substitution task is the conversion of coal to
synthetic fuels: low-BTU gas; high-BTU, or pipeline quality, gas; liquid boiler
fuel; and a synthetic crude suitable as refinery stock. Some existing methods
are technically feasible; however, much work is needed to achieve improved
yields. This is especially true for liquid fuels, where the technologies are less
advanced and the estimated product costs are relatively high. A major effort
must begin now to ensure these options.

The coal effort is a good example of how short-term and mid-term
programs will support each other: many of the efforts directed at improving
the yield, safety, and acceptability of mining and desulfurizing coal will
readily apply to the more-advanced programs.

D
TASK 4. VALIDATE THE NUCLEAR OPTION

A self-sufficiency based on fossil fuels can only be temporary. Though
large, these resources are finite. Statements about reserves adequate to last
for hundreds of years seldom speak to the feasibility, let alone the
desirability, of extracting them. Their extraction and conversion create
major environmental problems, and the cost of energy will continue to rise
as long as major dependence is placed on them.

Moreover, oil, gas, and coal are important sources of raw materials for
fertilizer and other petrochemical industries. The world's growing demands
for food alone preclude continued long-term reliance on fossil fuels as the
Nation's principal source of energy.

As other nations develop economically, their fuel requirements will
increase rapidly, much as did those of the United States. These requirements
will place growing demands on the world's supply of fossil fuels. Many argue
that the Nation has a responsibility to support its high standard of living
from its own resources and a responsibility to leave some of its readily
available fossil resources to future generations.

Finally, concern has been expressed about the possible eventual
"greenhouse" effects of increasing the atmospheric concentrations of carbon
dioxide resulting from the use of fossil fuels. Future limitations on
worldwide carbon dioxide emissions may be necessary. All these reasons
make clear the need to move as quickly as possible to replace fossil with
nonfossil fuels for energy uses.

The Nation has already begun to exploit its nonfossil energy resources.
Nuclear power now generates some 5% of all electricity, and this fraction is
scheduled to increase to 23% by 1980. The projected increase must be
ensured and accelerated. Nonfossil sources must increase sharply their
already large planned contribution to the energy supply in the next decades.

The United States has a unique opportunity to exert world leadership
D O by advancing the development of nonfossil energy technology. As reliance
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on domestic fossil fuels begins to decline, the United States might export
fossil fuels to other nations for a period. In the longer range future the ec
export of nonfossil energy technology could be a major source of foreign
exchange earnings and could help other nations free themselves from
dependency on fossil fuels.

In the shorter term, research and development on reactor safety, waste
management, fuel processing, and standardization of design is urgently c
needed to speed up the installation of nuclear reactors.

Accelerated research on converter and breeder reactors, to include use
of the thorium cycle, offers promise of more-efficient power production and
a great reduction in fuel requirements, with corresponding reductions of the
problems created by mining, waste disposal, and radioactivity. Breeder C
reactors offer the promise of truly permanent self-sufficiency with minimal
and eventually perhaps no extraction of ores. Additional effort must be
directed to the elements of the nuclear fuel cycle from mining to
reprocessing methods.

TASK 5. EXPLOIT RENEWABLE ENERGY SOURCES C

For the long-term there is hope that environmentally clean, naturally
renewed domestic sources of energy can be tapped at reasonable costs.
Nuclear fusion and central-station solar power now appear to be the most
promising prospects.

In the short-term and mid-term, however, much can be done and much
yield can be expected from a sound program vigorously executed. For
example, with available technology the economic feasibility and reliability of
solar space heating and cooling should be demonstrated soon. Considerably
more research and development must be done if significant amounts of the
indirect sources of solar energy, such as wind currents, ocean thermal
gradients, and bioconversion, are to be used. Geothermal resources are
already providing significant amounts of power in certain regions. Their
contribution should be increased wherever possible to reduce the need for
fossil fuels.

C

C

C

50

C



S

The Federal Role in the
National Program

The Federal Government's responsibilities in the national energy
research and development program are to:

* Establish the goals of national energy policy, including those for
energy research and development.

* Identify, in conjunction with private industry, the research and
development needed to reach those goals.

2* * Ensure, through appropriate exchange of information with
industry, that essential research and development is done by private
sources, joint private and Government undertakings, or Government
efforts.

* Accelerate technological advances throughout the energy system.
" Discharge these responsibilities in a manner consistent with the

Government's nonenergy responsibilities.

Whenever national goals coincide with those of private industry, then
private industry should be encouraged to attain the national goals. The free
enterprise system has repeatedly demonstrated its ability to get results fast
when given the proper incentives.

D
A competitive, free enterprise market is not well-suited to accomplish all

the Nation's goals. Considerations, such as environmental concerns, basic
research needs, and national security, that may not be readily integrated
into the profit motive will not receive the necessary priority in the market.
The Government should intervene to ensure adequate priority to

D considerations that are deemed necessary in the national interest, but are not
funded by the private sector.

GENERAL GUIDELINES FOR FEDERAL/INDUSTRY PARTICIPATION

The major guidelines used in the development of the recommended
Dprogram were to: progra1
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* Maximize industry participation, both to conserve Federal dollars
and to speed the application of new processes.

* Tailor participation methods to individual industries.
* Ensure that no industry or firm realizes windfall profits at the

taxpayers' expense, while preserving appropriate incentives that
reward successful innovation.

" Use the best existing capabilities and expand Government facilities
only when no capability exists nor can be created in the private
sector.

* Press vigorously for the establishment of a single Government
organization (Energy Research and Development Administration)
to coordinate the national program and to plan, coordinate, and
execute the predominant part of the Federal program.

* Develop Federal measures to reduce the commercial uncertainties
of early application of new technologies.

" Ensure that efforts to attain energy goals do not unintentionally
compromise efforts to attain other national goals (e.g., price
stability, full employment, and consumer protection).

" Ensure that Federal actions taken in pursuit of other national goals
also give full consideration to their impact on energy.

" Attain energy goals with minimal interference in the competitive
market and in close coordination with Federal, state, and local
regulatory agencies in regulated sectors.

The application of these guidelines and consultation with industry
representatives show that the bulk of the private effort will be concentrated
primarily on short-term objectives. Thus, the recommended Federal program @W
does not include funds for all the short-term research and development
contemplated in the national program. The best estimates possible suggest
that with appropriate policies the Government might reasonably expect
industry to allocate about $2.5 billion per year for direct energy-related
research and development, most of it aimed at short-term payoff. The
Federal program is designed to encourage private expenditures and to
conduct needed short-term work over and above that expected to be funded
by the private sector.

Based as it is on the profit and growth motives, the incentive for the
private sector to undertake research and development expenditures
diminishes as the expected time of payoff increases. Accordingly, the
Federal share of the national program must be larger in meeting mid-term
energy needs than in meeting short-term objectives.

Those efforts expected to yield major payoff only in the long term must
depend almost entirely on Federal funding. Most of these efforts are in early c
stages of development and can be funded adequately without consuming a
major share of the Federal budget for energy research and development.

The range of methods for Government participation extend from
monitoring private actions to conducting research in Government facilities.
Among the available methods are Government contracts for research and C
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development work, cost-sharing arrangements with private concerns, use ofP Government facilities by private investigators, guarantees of product price,
guaranteed loans, guarantees of rates of return (as in utility regulation, for
example), and tariff or quota protection of the domestic market to maintain
a price structure that will stimulate private activity.

One of the hardest dilemmas that will confront energy policy makers is
the need on the one hand for high prices and profits to stimulate private
activity and the desire on the other hand to protect consumers against undue
exploitation. The objective here should be to reward to the extent possible
only private activity that involves new work or increased production while
avoiding windfall or "unearned" profit increases to energy-producing firms.

Another series of dilemmas will arise as measures aimed at energy goals
conflict with measures aimed at other national goals. Examples will be in
areas of antitrust enforcement, taxation, leasing of public lands, patent
rights, and attainment of ambient air quality standards as opposed to
emission standards. In these areas trade offs among the goals will be required.

Finally, a series of incentives over and above research and development
expenditures will be required to move the research and development results
into production quickly to regain self-sufficiency by 1980.

In some cases the Government may have to offer contingent guarantees
to industry to reduce risks to a level that will ensure both direct
participation in research and development and early implementation of
results. In such cases (guaranteed loans, guaranteed product prices, etc.), the
Government incurs a contingent obligation similar to FHA or VA mortgage
guarantees. These possible obligations are not included in the Federal energy
research and development budget; they are treated as possible costs of
realizing the most rapid impact on energy production.

Z) Specific measures should be tailored to fit the particular industrial

conditions. The requirement for a comprehensive and consistent set of
Federal policies tailored to individual industrial conditions is only one very
important reason why the early creation of a Federal Energy Research
and Development Administration is essential to the successful execution of
the national research and development program.

RESEARCH AND DEVELOPMENT STRATEGY OPTIONS

Energy policy makers will need to make choices among a number of
competing considerations. Self-sufficiency, environmental improvement, and
low energy cost are the three that are central to energy issues.

Energy research and development policy makers also must decide on the
relative emphasis to be given in the Federal program to these considerations.
The different priorities that can be placed on each constitute the available0 range of research and development strategy options.053
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With three considerations, there are ten possible strategies: a balanced
strategy that gives equal emphasis to all three, and three in which each eC
consideration is given first priority. For example, if self-sufficiency is
accorded first priority, the three strategies under that condition are: second
priority to environment and third priority to low cost, or second priority to
low cost and third priority to environment, or equal priority to environment
and low cost.

Two major reasons dictate the selection of the self-sufficiency/ C
environment/low-cost strategy for the Federal program. First, the three
possible self-sufficiency strategies are the only ones consistent with the
urgent nature of the energy problems confronting the Nation and the
support of the five tasks that have to be accomplished for the Nation to
regain and sustain self-sufficiency.

Second, the competitive private sector already contains within it one of
the most powerful incentives ever known to reduce costs: the profit motive.
There is in the private sector no corresponding motive to move toward
self-sufficiency. Also, the private incentive to clean up the environment is
less compelling than the profit motive. Accordingly, the Federal Government
should emphasize research and development programs aimed at regaining
energy self-sufficiency achieved under acceptable environmental conditions
and rely on the market forces to reduce energy costs.

The implications of this recommendation must be made clear. A
significant and sustained rise in the price of energy relative to other
commodities can be anticipated. As the price of energy rises, there will have
to be some important changes in the way energy is used. Not all of them will
be welcome, but the benefits of self-sufficiency can more than offset the
costs.

CRITERIA FOR FUNDING FEDERAL PROGRAMS

Federal research and development criteria for assessing priorities among
competing research and development programs and proposals include: the
current state of scientific knowledge; the probability of future technological
success; capital, resource, labor and environmental limitations on production
feasibility and cost; and geographical, political, and other constraints on the
application of new technologies. When allocating money, each program must
be assessed for its probability of success, the investment of research and
development funds required, the timing and extent of potential payoff, and
noneconomic aspects.

The following questions should be considered when allocating funds for

research and development projects:

* What will the project cost in each year to completion?
* What is the probability that the project will be successfully

completed and when? 0 C
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" If the project is successful, how long will it take to implement the
new technology?

" What is the expected amount and timing of the gain from the
scheduled implementation?

* What are the projected amounts and timing of the costs of realizing
that gain?

" What is the "rate of return on investment" expected from each
project (the present value of expected costs subtracted from the
present value of expected benefits and the result divided by the
present value of projected costs)?

Projects should be ranked in order of the size of the answer to the last
question, then funded in sequence down that list to the limit of the money
available for energy research and development if there are no overriding
noneconomic considerations. If such considerations do exist, they and their
implications for the program should be stated explicitly. .

Precise and accurate estimates of the quantities involved are not
required to get useful guidance from this approach. While absolute levels of
the quantities involved are impossible to specify with precision because of

D future uncertainities, the direction and extent of differences in the
magnitude among the various projects are much easier to estimate. More can
be said about how projects might differ in the future than can be said about
the absolute values of the crucial parameters. One way to do this is to set out
the sequence of events that has to transpire for each project to be
economically viable, then evaluate those sequences which are more likely and
those which are less likely, and determine whether the differences are large or
small. These kinds of estimates are sufficient ,to provide. useful funding prior-
ity guidance.

A number of specific criteria can be identified, and estimates of "high,"
"medium," and "low" assigned to each program area. With these,
semi-quantitative indicators (not measures) can be generated. These
indicators can help specify the relative priorities among programs. Indicators
so derived should not be used as inflexible decision rules. Rather, they can
serve as useful inputs to informed judgments about the relative amounts of
money that ought to go to the various programs.

A high indicator value does not necessarily mean a large number of
dollars should go to that program; it means that the program should receive
all the reseach and development dollars that can be spent prudently in the
area. How many dollars can be spent prudently is a determination that must
come from an informed judgment of the program's history, its present
position, and the prospects for its future development.

Because of the claims of higher priority programs, a low-value program
may have to be held to a funding level well below that which could be spent
prudently. The absolute number of dollars going into a low priority program
may still exceed that going into a high priority program because of
differences in the scope of the programs concerned. For example,
conservation studies may be the highest priority program, but may be able to
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absorb prudently only a few tens of millions of dollars, while the nuclear
fusion effort, having lower priority, calls for more money, yet still less than ec
it could absorb prudently.

To be successful in augmenting energy supplies or reducing demand, a
research and development proposal must show promise of success in three
successive stages and must not be inconsistent with overriding noneconomic
considerations. The four areas of inquiry and the major considerations in
each are:

Research and Development Stage

* Adequacy of scientific base
* Probability of future technological success C

Implementation and Production Stage

* Production capability
* Availability of ancillary resources
* Environmental cost consequences C

Payoff Stage

" Timing of payoff
" Economics of payoff

Noneconomic Considerations O F
" Environmental effects not considered in costs
* National security
* Political C
* Regional

A detailed explanation of the application of these criteria is contained in
Appendix B. The results can provide useful guidance in the assignment of
relative priorities for funding. Program rankings derived from the analysis are
listed in Table 5-1 for the major elements of the recommended program. c

The program rankings are not, and are not intended to be, definitive;
they are indicative of the appropriate relative funding priorities derived from
the recommended energy research and development strategy. They are a
means by which program priorities may be estimated in the presence of large
uncertainties about specific future results. C

Concern is often expressed as to the availability of ancillary resources
(water, transportation, land areas, manpower, capital) to support the
application of a prospective new technology. While these deserve some
consideration, they should not exert a major influence on research and
development funding for two reasons. C
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Table 5-1

ILLUSTRATIVE PROGRAM PRIORITIES BASED ON CRITERIA

Weighted Criteria

Conservation
Resource Assessment
Oil and Gas
Coal and Shale Processing
Mining Coal and Shale
Fission
Conversion Techniques
Advanced Transportation

Systems
Energy and Fuel Transportation

Distribution and Storage
Geothermal
Fusion
Solar

Total
Rank

(70)
(68)
(67)
(67)
(64)
(63)
(57)

(54)

(54)
(45)
(43)
(40)

Unweighted Criteria

Conservation
Coal and Shale Processing
Resource Assessment
Oil and Gas
Fission
Mining Coal and Shale
Conversion Techniques
Advanced Transportation

Systems
Energy and Fuel Transportation

Distribution and Storage
Fusion
Geothermal
Solar

Total
Rank

(43)
(42)
(41)
(40)
(39)
(38)
(36)

(35)

(33)
(29)
(28)
(27)

First, one of the aims of the research and development itself is to reduce
the major technical obstacles to implementation. Thus, a presently perceived
obstacle that can be reduced is a call for more research and development, not
less.

More importantly, only as application begins can realistic evaluations of
these supporting resource requirements be made and the amount of the
limited resources that will go to a particular energy technology be
determined. All the resources needed to implement all the technologies in
the research and development program exceed the available supply, but this
does not mean that any research and development work should be curtailed.
It means only that not all technologies are going to be implemented at their
maximum possible rate. Those which are implemented, and the speed with
which this is accomplished, will be decided largely by the success of the
research and development program and by the market, where the users of
each process must bid away from other users enough resources to support its
application. The results will be reflected in the energy price from that
technology, as well as in the prices of other commodities that use the same
resources.

Management of the Federal Program

Two key elements are urgently required in the management of Federal
energy research and development if it is to be successful: unity of effort and
and flexibility.

Unity of Effort. The preceding section described one method for
.considering all the Nation's energy research and development needs in a

D 0 is
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common framework. The importance of such unified consideration in
planning the program is self-evident. The necessity for unified direction and ec
coordination of the program's execution is equally if not more urgent.

A first requirement for making the most rapid possible progress toward
self-sufficiency is a comprehensive and detailed inventory of the
opportunities for increasing production from each of the energy sources,
increasing the efficiency of energy transformation and distribution, and C
decreasing energy and energy resource consumption. These must be defined
according to common standards and evaluated by the same criteria used to
determine the potential impact on the self-sufficiency goal. Centralized
direction of this effort will be essential to charting the alternate paths to
self-sufficiency, selecting the most sensible. path for major emphasis, and
providing backup options in case of delays. A single Government agency will C
be required to accomplish these tasks effectively.

For example, some of the early questions that will have to be resolved in
the program's execution can only be answered sensibly by a single group
with overall responsibility for the program. The balance between total
systems approaches and the role of major systems components is one such
question. Work must begin at once on all the component areas by making
the best estimates possible of values for the parameters of major components
(e.g., how much will oil and gas production increase; how much must coal
production increase; how much coal will go to each use?). At the same time,
the total system must continue t.o be better defined so these parameters can
be adjusted as work proceeds and initial results are obtained.

Other crucial questions will relate to what kind of work and how much
of it is performed in Government laboratories and in industrial facilities;
technical vs. institutional or policy measures to increase production; speed of
application vs. environmental constraints; speed of research work vs. cost of c
the final process; when to freeze a design and go for application rather than
seek continued improvements; how much effort to divert to immediate
concerns vs. the effort going to more distant concerns; and a host of others.
The way these issues are resolved at the outset of the effort will have a major
impact on the shape of the entire effort. Failure to provide unified,
coordinated guidance and direction in their resolution will invite if not C
guarantee the program's failure. A plan for a national research and
development program and the money to carry it out are only two of the four
essentials of success. The other two are an effective management structure
and vigorous execution responsible to changing conditions.

Flexibility. The remaining essential requirement for conducting an C
effective program of the dimensions recommended with the urgency
demanded by our energy situation is the ability to adjust to changes as they
occur. By its nature research and development is an expedition into the
unknown. New knowledge, new discoveries of resources with existing
techniques, and a host of other facts will generate rapid shifts in the needs of
individual programs. C
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The specific five-year program recommended herein appears now to be
that best suited to the Nation's needs, but it will have to be modified in light
of new circumstances as it is executed. The fiscal year 1975 budget
recommendations are firm; they are the way to start the program. But
estimates for future years and even program totals should be subject to
continuing review and evaluation in light of changes in the Nation's energy
situation.

Flexibility in the application of funds and their transfer among
programs will be essential to the capability to exploit success. Changes in
priorities and reallocation of effort among programs and between the
Federal and private sectors will be, required. Again, only a single agency with
the authority to make such shifts can capitalize on opportunities as they are
discovered and shut off failure.s as they are identified.

Finally, flexibility in the approaches to dealing with industry will be
required. The coal mining industry, the coal using industries, the oil and gas
industries, the transportation industries, and others all differ in fundamental
respects. What works best in one industry may be totally wrong in another
where conditions differ. Accordingly, the ability to set specific goals and
constraints and to select, from among the possible Federal measurements,
that combination best suited for each sector will be crucial to the most
effective Government/industry cooperation.

• Because the majority of the energy production system is privately
owned, effective Government/industry cooperation will be essential in
translating the program results into increased supplies. Wherever possible,
some form of cost-sharing and participatory decision making should be used.

When only Government management and funds are involved, there may
be a tendency to extend a project beyond the reasonable point of cutoff,
even when it is apparent to the potential industrial users that the
undertaking no longer holds reasonable promise for producing useful results.
Industrial management and partial industrial funding provide a method for
subjecting programs to the discipline of the market place and redirecting
resources in a timely manner.

International Cooperation

A final need for a centralized management capability derives from
opportunities for cooperative international efforts in energy research and
development. A recent interagency task force has identified the criteria that
should apply in such efforts and the most promising prospects for
international cooperation. The task force considered international research
and development against a backdrop of four basic issues:

0 Which technologies offer promise for cooperative research and
development, and which countries are doing significant work
worthy of cooperation?

I0 Should the programs be bilateral or multilateral?
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* What role should U.S. industry play, and can and should the
Government stimulate industrial participation? 4k

" What will be the technology transfer and balance of trade
implications of increased cooperation?

The following criteria were used to establish priorities for cooperative
research:

" Useful foreign technology. C
* Impact on U.S. energy deficit.
" Time to commercial utility.
* Lack of barriers to information exchange.
* Opportunities to expand cooperation.

The five criteria refer to the potential benefit to be derived from C

cooperative research and development, and not whether the technology in
question is necessarily high on the list of current U.S. domestic priorities.
The task force reached the following judgement:

* High overall priority: coal technology, geothermal, energy
conservation, environmental studies, resource assessment, and
transportation systems.

* Medium overall priority: conversion technology, fuel transport,
fusion, hydrogen economy, reactor safety, and solar.

" Low priority: electrical transmission, energy storage, hydro,
miscellaneous sources such as wind and tidal power, all other
nuclear, and oil and gas technology.

Clearly a single Government agency working in conjunction with the
Department of State could better realize the potential benefits from such a
program and integrate them into the planning and execution of the national
and Federal programs than can the existing organization, or lack thereof, for
Federal energy research and development.

At

C
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D Obstacles to Realizing
National Energy Goals

This chapter describes basic technological obstacles that stand in the
way of decreasing energy demand and increasing energy supply and
institutional factors that may act as further constraints on the choice of
programs to overcome energy shortages.

TECHNOLOGICAL OBSTACLES

Task 1. Conserve Energy and Energy Resources

Reduce End-Use Consumption. Significant results in energy
conservation in the absence of administrative controls cannot be attained
until research has been conducted to overcome:

* Insufficient knowledge of the effects of alternative policy options.
* Inadequate data for predicting the extent to which energy

consumption is responsive to increases in the relative cost of energy.
0 Inadequate identification of opportunities for substituting

energy-conserving practices and processes for energy-intensive ones
throughout the economy.

D 0 Lack of an adequate data base and of models for systematic
analyses of the energy system and the interactions of its major
components.

Improve Efficiency of Energy Use. Ways must rapidly be found to meet
a given end-use energy demand with fewer energy resources.

Industrial processes use approximately 40% of all energy consumed in
the United States today. Industrial processes, equipment, and methods,
whether dependent on heat or on electric power are inefficient. Major
increases in. efficiency are possible, as demonstrated by a few pioneering
industry studies. A chloride electrochemical reduction process for aluminum
production is substantially more efficient than the next best alternative and
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also cleaner. The payoff of increased efficiency in all types of energy uses
will be prompt and continuing, reducing resource use and the environmental
impact of energy production and use. Major gaps in current technology are:

" Insufficient development of catalysts to substitute for heat or
electric energy.

* Inadequate methods for using the waste heat of power plants and
industrial processes for process heat and for space heating. c

* Inadequate methods for using waste process heat to generate
electricity.

Space heating and air conditioning account for almost 25% of all energy
consumed in the United States today. Heating and cooling efficiency is
largely dependent on building design and on the design of the conditioning
unit and its control mechanisms. Future construction and modifications of
present buildings should incorporate concepts leading to greater energy
efficiencies. The building industry is so fragmented, however, that there is no
prospect of significant impact without Government incentives, and the
diverse building codes enacted by the multiplicity of independent
jurisdictions complicate the problem of adopting standard designs. Principal
limitations to greater efficiency are:

* Lack of a total-systems approach to the energy needs of individual
buildings and clusters of adjacent buildings.

* Lack of coordination of the solar heating and cooling approach
with building design.

The transportation sector accounts directly for about 25% of total fuel
use and more than 50% of oil consumption. Shifts of travel practices from
truck and auto to more-energy-efficient modes could reduce significantly the
total energy demand and local pollution levels. Major obstacles to the shift
are:

* The lack of general public acceptance of mass-transportation
vehicles and systems in their current form.

" Inadequate data about the response of citizens to incentives to
make more efficient use of cars.

Conversion Techniques. The conversion of fossil fuels and nuclear fuel C
to electricity is a relatively inefficient process. The newest central-station
power plants typically have efficiencies of about 38 to 40%; the overall
industry average is nearer 30%. The remainder is lost in the form of waste
heat, which contributes to pollution. Demand for electricity has grown more
rapidly than that for other forms of energy; its doubling rate is now 10
years.

To supplement the regular steam cycle, generating plants could, with
so-called "topping cycles," use the high-temperature spectrum of the
combustion gases. These include nmgnetohydrodynamic (MHD) cycles,
liquid-metal cycles, or direct turbine drive by the hot gases before they are
used to form steam. An increase in overall system efficiency of 15% is C
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theoretically possible; the savings in fuel would be enormous (in the range of
25% or more), and waste-heat rejection would be reduced by as much as 40
to 45%, which would decrease environmental problems as well. The need is
urgent for work on:

* High-temperature gas turbine, potassium topping cycle, and
magnetohydrodynamics.

0 Materials for use with high-temperature working fluids.
* Cost and life of fuel cells.
0 Scale factors for commercial-sized equipment.
0 Heat rejection and utilization technology for base-load plants.
* Methods for combining different technologies and processes to

achieve greater efficiencies and reduce total heat rejection.

Energy Transmission, Distribution, and Storage. Once electric energy is

generated at a power plant, it may travel many miles to the consumer. In the
process, voltages are stepped up and down. In general, the higher the voltage,
the smaller the losses in transmission, but the higher the capital requirement
for the line. Transmission lines are designed to optimize the trade offs
between these economic factors. The ever-increasing demand for electric
energy will require more power lines in the future and power lines of
increased capacity. Major difficulties are:

* Resolution of land-use and visual-impact problems to permit use of
more efficient, higher capacity overhead transmission systems.

* Costly, inefficient underground cables with inadequate capacity.
0 Instantaneous matching of generation to load within and between

electric power systems.
0 Lack of adequate, efficient energy storage systems.

Advanced Transportation Systems. Transportation uses 25% of all
energy consumed in the United States at an efficiency that rarely
exceeds 20%. Furthermore, automotive and aircraft engines today are
designed to run only on refinery products of crude oil, a pattern that cannot
be changed significantly in the near future. Because of their intolerance for
fuel substitutes, automotive and aircraft engines may set the lower limit on
needs for liquid petroleum products. The supply of natural gas, which is a
suitable alternate fuel, is even more constrained than that of liquid
petroleum. When an automotive engine converts fuel to mechanical energy,
there are other losses in the automotive power train that further reduce
system efficiency. Moreover, vehicles are designed to optimize features other
than fuel economy. Primary technological blockages to change are:

* Lack of vehicles designed to provide efficient transportation service
with minimum fuel consumption.

0 Lack of automotive engines that are both highly efficient and
environmentally acceptable.

* Inability to use substitute fuels and fuel supplements (e.g.,
methanol) on a large scale.

0 Inefficient automotive power trains.
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Task 2. Increase Production of Oil and Gas. 10

Oil and Gas. The ratio of proven domestic reserves to production for
both oil and gas continues to fall. The recovery of oil from operating fields
averages only some 30% of the oil in place and is only some 40% in the
newest fields. Every 1% increase in recovery rates presents an addition of 4
billion barrels to U.S. proven reserves, an amount equal to about two-thirds
of present annual consumption. c

Much gas exists in impermeable rock formations and cannot presently
be recovered economically. Moreover, theories that explain the formation of
hydrocarbon resources predict the existence of large undiscovered reserves.
Large areas contiguous to the continental United States may contain
undiscovered reserves, although some of them may exist at depths that
cannot be explored and tapped economically with today's exploration and
drilling techniques. Major technical obstacles to a rapid increase in domestic
production of oil and gas are:

* Lack of economical recovery methods for oil and gas remaining in
producing fields.

* Lack of recovery methods for gas trapped in impermeable
formations.

* Lack of economic discovery and recovery methods for oil and gas at
great depths.

" Inadequate methods for preventing large oil spills and for
containing and cleaning up spills with minimum damage. 4

Shale Deposits. Oil can be produced by retorting shale to generate a
crude-oil product from the hydrocarbon-rich kerogens of the shale deposits.
Both nonnuclear and nuclear methods of fracturing rock offer promise of
releasing the shale in forms suitable for in situ retorting. Shale as a source of
oil has the advantage that its BTU content per barrel of produced oil is C
slightly higher than that of the natural petroleum product. In addition, shale
has a higher hydrogen content than does coal; so less hydrogen is needed to
produce the liquid fuel. Some 75% of the richer shale deposits are located on
federally owned property. Major recovery problems are:

* Lack of economically viable and technically reliable methods for C
retorting shale deposits, especially in situ.

" Lack of adequate technology for fracturing shale deposits in situ.
* Lack of environmentally acceptable methods of handling the shale

debris generated by above ground retorting.

Task 3. Substitute Coal for Oil and Gas (

Mining and Direct Use of Coal. The energy content of known domestic
coal reserves is significantly larger than that of any other energy resource
available with today's technology. However, the use of coal has dropped
sharply in the past two decades (Chapter 3). Approximately 60% of coal
reserves have a sulfur content that is so high that combustion emissions willW C
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not meet air quality standards without the use of new emission-control
techniques. The decline in the use of coal has resulted in a contraction of the
industrial base. Major obstacles to the use of coal are:

0 Lack of proven techniques for reclaiming surface-mined areas,
especially in semiarid and arid regions.

0 Low productivity of underground mining methods.
0 Limited ability to burn high-sulfur coal in ways that meet

established pollutant (sulfur oxides) emission standards.
0 Production of undesirable waste products by current stack-gas

scrubbing methods.
* Lack of effective methods for removing micron particulates from

stack gases.

Production of Gas and Oil from Coal. Low-BTU Gas from CoaL Oil and

gas have been produced from coal for many years. The technology was used
in Germany during World War II, but it has not been economically
competitive with other sources of oil and gas. Before natural gas was widely
used as an energy source, synthetic gas was manufactured from coal. It is
acceptable by modern standards. A gasifier using air should be able to
produce a clean low-BTU fuel that could be burned in most fossil-fired
electric utility boilers as well as in smaller industrial boilers. Only 35 to 40%
of the original heat content of the coal would be lost in the conversion
process. Rapid installation of improved gasifiers could be expected in the
utility industry. The principal impediments are:

* Inadequate development of gasifiers for low-BTU product.
0 Lack of a high-temperature desulfurization process to clean up the

gas.
* Lack of advanced techniques to salvage the excess heat loss.
0 High cost of transporting low-BTU gas.

High-BTU Gas and Liquids from Coal. Processes for producing
high-BTU gas and liquids from coal rely on increasing the ratio of hydrogen
to carbon over that found in coal. Given sufficient price incentives, industry
should be able to produce high-BTU gas from coal at costs competitive with
naphtha conversion, imported liquified natural gas, or natural gas
transported from Alaska. The product from liquefaction processes contains

D) less than half the hydrogen necessary to make pipeline-quality gas from
coal but less of the original heat value is lost in the process. The liquid
product is also easier to transport and store. Principal obstacles to
production are:

" Need for a breakthrough in production of hydrogen by catalysis or
other methods.

" High cost of producing methanol from coal.
* Lack of methods to remove organically bound sulfur in coal.
* Insufficient knowledge about engineering needs to accommodate

various grades and types of coal.
" Environmental constraints, particularly the availability of water

supplies.
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Task 4. Validate the Nuclear Option

Current Nuclear Reactors. The present generation of converter nuclear
reactors is being installed at a rate well below original expectations. In
addition to construction delays, licensing delays, and environmental and
safety concerns, the evolutionary nature of the industry has resulted in
continual design changes in successive reactors. Each new design
modification has required a full-scale review for licensing by the Atomic
Energy Commission. The current plans for high-level waste disposal call for C
storage of fission-product waste above ground for up to 100 years while a
permanent disposal method can be developed. There is an urgent need to
improve the following conditions:

0 Inefficient fuel utilization of present light-water reactor designs.
* Shortage of experimentally confirmed test data on environmental C

and safety problems associated with converter reactors.
* Plutonium and fission-product waste handling and disposal

problems.
* Lack of standardization in reactor design and site selection

procedures. C

Fuels. The current family of nuclear converter reactors uses a relatively
inexpensive fuel derived from high-grade uranium and thorium ores. Known
reserves of these high-grade ores are limited, and medium-grade ores have not
been well explored. To support the expected growth in nuclear power plant
capacity, the uranium mining industry must expand its output fivefold in the
next 12 years. Obstacles to expanded use are:

" Lack of techniques for mining rich uranium ores without making
lower grades of ore less accessible for future mining.

* Need for more-efficient enrichment techniques.
* Need for more-efficient fabrication and reprocessing techniques.

Breeder Reactors. Breeder reactors (liquid metal fast breeder, gas
cooled fast breeder, molten salt breeder, etc.) are necessary to provide
longer term sources of energy from nuclear fission because supplies of
low-cost fissionable material are limited. The development of fuels and
materials in turn will dictate reactor-design concepts. Work must be done on:

* Technical fuel and materials problems associated with breeder
reactors.

* Excessive doubling time and specific fuel inventory of current
designs.

Task 5. Exploit Renewable Energy Sources C

Geothermal. At several locations geothermal energy has already been
harnessed in the form of dry steam (Geysers, California) or hot water
(Wairaiki, New Zealand), but such locations are rare and do not contribute
significantly to the energy supply. Larger reservoirs of geothermal energy
exist in the form of hot rock, hot brine, geopressured zones, and magma. C
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Many such sources contain heat energy at temperatures that are too low for
use in conventional power-generation systems. Other sources contain
contaminating salts or other minerals. Technical impediments to early
increased use are:

* Lack of economical ways to find and assess geothermal reservoirs
and determine their nature.

* Absence of recovery and use techniques for low-temperature or
contaminated geothermal resources.

0 Minimal understanding or control of potential environmental insults
(earthquakes, tremors, and disposal of vast amounts of noxious
gases, minerals, and salts) that might result from substantial
geothermal exploitation.

Solar. For many years solar energy has been used directly on a small
scale to heat water for homes or provide heat to grow plants. Unless solar
energy is concentrated, however, the temperature rise associated with solar
heating is too low to produce power with conventional generating
techniques. Weather and day-night variations make the supply of solar
energy intermittent and require that storage systems be provided for times
when sunlight is inadequate.

Decentralized solar -systems for space heating, water heating, and air
conditioning in buildings are technically feasible today. Operating costs are
appealing, but initial capital costs are high. Thus, there is no significant
market force to create the necessary industry. Demonstrations with
Government buildings might help stimulate a significant market for
commercial buildings in the near future. Principal constraints are:

* Inefficient solar-energy collection technques.
0 Inefficient energy storage techniques.
* High capital costs for decentralized heating and cooling systems.

Fusion. If fusion reactors become technically feasible, the world's
oceans will provide an inexhaustible supply of fuel. Several approaches to
the concept are being explored. Although recent successes are encouraging,
demonstrating technical feasibility, and completing the necessary reactor
concepts will take considerable time. Principal difficulties are:

* Lack of adequate testing facilities to conduct critical scientific
experiments.

* Lack of knowledge as to which, if any, of the suggested approaches
will lead to success.

D Insufficient development of materials for planned reactors.

General Requirements

Environment. Energy production and use have been major contributors
to detrimental changes in air, water, and land quality. Increasing per capita
consumption of energy has been directly related to increasing insult to the
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environment. The relationship must be altered if desired environmental
standards are to be attained.

It has only recently been realized that efforts to increase the standard of
living through increased energy use may have undesirable environmental
impacts. As a result, research has been initiated into the nature of these
impacts, which arise from all phases of the energy cycle from fuel
exploration and extraction to energy conversion and waste management. C
Major gaps include:

* Inadequate knowledge of the physical and chemical transport
processes by which pollutants become distributed in the
environment and find their way to man.

" Lack of knowledge about the health, ecological, welfare, and social c
impacts of various energy systems and the pollutants they generate.
Such knowledge is vitally needed to set standards, to establish
guidelines for the siting of energy systems, and to direct research to
control and ameliorate these impacts.

Basic Research. Fundamental knowledge of the physical, biological,
economic, and social laws that govern living patterns and the properties of
matter has been the cornerstone of man's increasing control over the forces
of nature. The energy system of the Nation is so complex that there is not a
single discipline that does not play some part in its functioning. Increases in
fundamental knowledge should lead to greater understanding, and such
understanding should contribute to more efficient operation of the system.

Much technological development has been characterized by empirical
process development. More often than not it has become difficult to move
beyond certain barriers because of a lack of fundamental knowledge. In such
cases, basic disciplines have been called upon to determine what relationships
existed and to find approaches to overcoming the problem. With recognition
of the energy shortage and with forecasts of increasing shortages for many
years, maintaining the competence to react quickly to such calls for
assistance is essential. Broad areas for basic research reflect:

" Insufficient knowledge of the physical and chemical nature of c
matter.

* Insufficient knowledge of biology and biological processes.
" Insufficient knowledge of the economic and social interactions of

man.

Systems Analysis. The complexities and dynamics of the United States
energy system are such that it is virtually impossible to discern even the
major interactions that occur throughout the system or to predict the effects
of changes to the system. Systems analysis is presently limited by:

* Lack of a valid energy model.
* Lack of a valid up-to-date data base for the model. C
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IV

INSTITUTIONAL CONSTRAINTS ON TECHNOLOGICAL DEVELOPMENT

Federal and State Environmental Laws and Regulations

The National Environmental Policy Act (NEPA) of 1969 was a
significant recognition by the Congress and the Administration that our
national growth could no longer continue uninhibited by concern for the
environment. The Act requires that an Environmental Impact Statement be
published in draft form no later than 90 days before a "significant Federal
action" is taken that could have an effect on the environment. A final report
must be published no later than 30 days before that action. Recent court
interpretations of the Act and guidelines dictate that the impact statements
must be developed to support Congressional authorization and appropriation
for the "activity." Thus all new or significantly altered programs will require
the preparation of Environmental Impact Statements before authorization or
appropriations.

Environmental standards issued by either the Federal Go'ernment or
state governments should not be considered constraints to technological
development. Rather, they set requirements for research and development
that must be met if the technology is to be implemented within the
respective jurisdictions. There is considerable concern about the validity of
many such standards that have been based upon incomplete data and
analysis or a complete lack of knowledge regarding the impact of certain
pollutants on the enviionment. For instance, a major technological objective
is to determine the effects of pollutants on the ecosystem and its
inhabitants. That determination could establish a firmer basis for
environmental standards, and the standards, in turn, would determine
technological objectives for research and development efforts.

The pace of development of particular types of energy may ultimately
be related to public acceptance. Delays in the environmental research
program could result in significant delays in the preparation of
environmental impact statements, licensing of power-generation facilities,
and the implementation of various energy technologies.

Land Use and Water Mangement

The use of land for energy-related activities, such as fuel extraction,
siting of fuel-conversion and power-generating facilities, transmission-line
rights-of-way, and waste-management requirements, is becoming a significant
factor. Regional and national management policies must be developed to
accommodate competing needs for land and water for development of
energy resources, wildlife conservation, recreation, irrigation and agricultural
programs, and lumber and paper-pulp industries. Mining and reclamation and
especially conversion processes for coal require large amounts of water, and
water is not plentiful in those areas of the West where vast reserves of coal
are located. An equitable distribution of. land and water resources to
competing claims must be devised. Such an integrated policy will be required
to maintain the Nation's scenic beauty and ecological integrity as it meets its
energy needs.
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Federal and State Laws and Regulations Governing Health and Safety of
Miners and Industrial Workers

The enactment of such laws as the Operational Safety and Health Act
(OSHA) has had a widespread impact on industry, generally in terms of
increased requirements for capital expenditures to provide much-needed
additional safeguards for workers' health and safety and has also resulted in
decreased productivity.

New technological developments should produce equipment and
methods that are consistent with the laws and regulations. As such, the laws
and regulations are not constraints to technological development but are an
objective of such development.

Manpower Availability for Research and Development

In the late 1960s, employment opportunities for scientists and engineers
declined owing largely to the termination of large programs in the aerospace
industries. More recently, conditions have stabilized, and employment
among scientists and engineers is high. A major increase in research and C
development funding could require a major increase in scientific and
technical personnel.

If major increases in research and development funding are directed into
new fields, the pace may be limited by the rate at which investigators can be
educated, trained, or retrained to work in those areas. More importantly,
most of the program categories comprising energy research and development
are multidisciplinary. They rely on many of the same disciplines for both
research and development. A shortage of trained manpower can create a
competitive atmosphere that could result in spiraling wages and relatively
inefficient use of research and development dollars. Currently the number of
proposals for energy and energy-related research and development projects C
by firms and individuals in academic positions indicates that manpower is
available for additional work.

The universities, and industry have the greatest potential for producing
new scientific and technical manpower. Research and development funds
channeled to them would produce, in addition to increased knowledge, a C
large working force for future research and development. This force would
comprise both undergraduate and graduate students and older workers
retrained for new fields. Trained personnel can be retrained within a year or
two and well-trained graduate students can be produced within two to three
years.

C
These limitations on the growth of an available manpower pool and the

hazards of attempting to radically increase funding for programs that would
compete for scientific manpower dictate that extreme care be exercised in
designing the energy research and development program for the next five
years. If major acceleration is necessary in certain program areas, such
acceleration may entail costs not only in dollars but also in the loss of C
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capability to enhance or continue research and development in some
competing programs.

Government Policies Concerning the Exchange of Information Between
Large Corporations (Antitrust Laws) and Patent Rights

The public and privately owned electric utilities are regulated and have
formed the Electric Power Research Institute (EPRI) to use funds charged to
the rate base to conduct research and development of benefit to the entire
industry.

By contrast,, companies in the oil industry are specifically precluded
from joining together in such a venture. As a result, each oil company must
work on its own research and development goals; much duplication results.
Since different oil fields have different physical characteristics, a wide
variety of techniques has been developed for drilling, control, production,
and stimulation of oil and gas. If each company could benefit from the
experience of others, the net result should be more efficient operations and
greater production. What does not exist and is precluded from existing is a
central clearinghouse for research and development data and information
that is in the hands of individual oil and gas companies. If solutions are
developed by individual companies, proprietary rights could preclude
widespread application or even application in regions where most
appropriate. The oil industry is spending more than $600 million annually
for research and development. With existing constraints, however,
coordinated programs in the industry leading to the necessary solutions are
not possible.

The oil industry has been reluctant to undertake cooperative efforts
with the Government because rights to proprietary data could be
compromised. Both patentable and unpatentable data are involved.

The same is true for other industries. Individual companies fear that
funds invested in research and development would not be returned if the
benefits are afforded to the industry as a whole.

The concept embodied in EPRI partially solves the problem by
permitting the industry to share the risk as well as the benefit. When only
one company or a part of the industry has an interest, however, it should be
accorded some right to the advantages of research and development when it
shares risk with the Government. It appears inconsistent to assume that,
becau se taxpayers' dollars are spent to enhance the public good, an industry
that risks capital along with the taxpayer should not be allowed to derive
specific benefit. This area needs much consideration.

Government Policies Concerning Leasing of Federal Lands

Much of the oil, gas, oil shale, and geothermal resources and reserves in
the United States are on public lands or beneath U.S. waters. The
exploration and exploitation of those lands requires Government consent
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through leasing. Many such areas have not been opened to leasing, and vast
reserves and resources have yet to be tapped. Although the outer continental
shelf in the Atlantic Ocean may contain as much or more oil and associated
gas than the Alaskan North Slope, there is as yet no leasing program for that
area, and exploitation cannot be undertaken.

A similar situation exists for the oil-shale reserves located in the
Piceance Creek Basin of western Colorado. About 75% of the rich shale
deposits are located on federally owned property. Although the development
of these areas is not primarily a research and development function, the lack
of an adequate assessment of the potential resource base is a significant
obstacle to energy policy formulation and research and development
planning.

Market Uncertainties 
C

Industry cannot predict with any degree of certainty future market
conditions, e.g., the effects of the rising prices of imported oil and the
regulated price of natural gas. The significance of these conditions lies in the
fact that projected shortages in the supply of these commodities probably
will not be overcome by private incentives as long as major market
uncertainties exist.

Short-run self-sufficiency can be attained only by imposing measures
that reduce the demand for energy to the maximum amounts that can be
supplied from domestic resources. Other policy decisions that permit the
maximum increase in domestic production will be required to realize
short-term increases in the production of energy from domestic resources.
Measures to increase domestic supply must continue with a view to relaxing
the nonmarket measures imposed to reduce consumption. The first step in
this direction is to accelerate the implementation of existing technologies for
producing energy from domestic resources.

The overwhelming majorityof the domestic production capability resides
in the private sector. Private-sector investment decisions are made on the
basis of expectations regarding future prices of energy rather than current
prices. Thus, in the absence of Government policies to reduce the
commercial uncertainties of increasing domestic production, there will be a
substantial time lag in the implementation of existing technology until C
domestic producers are convinced that the high prices are going to prevail for
long enough to make their investment profitable.

Moreover, other obstacles to rapid construction of additional domestic
production capacity must be removed. Leasing policies that make available
potential sources of domestic fuels must be devised. Guarantees of prices, C
guarantees of rates of return on investment, tax write-off policies, depletion
allowances, and other risk-sharing measures to reduce the uncertainty of
commercial ventures to acceptable levels must be considered. The dilemma
confronting the Federal Government is that risk-reducing measures may
diminish the incentive for private-sector research and development efforts
aimed at reducing the costs of domestic production. (
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Capital investments for supporting functions may become limiting. For

example, transportation of coal to market or to distant conversion plants
will require revitalization of the rail industry or construction of special slurry
pipelines.

There are two fundamental difficulties with a market approach to
achieving domestic energy self-sufficiency. The effectiveness of the approach
depends on the expectations of private producers about the continued high
level of energy prices for substantial periods in the future. Given the
potential availability of cheap foreign sources of energy materials, private
producers must weigh carefully the risks of a major investment in a high-cost
technology, using domestic resources. Supplies that can be cut off quickly
can be turned on again as quickly. A private producer who makes a major
investment in an oil-shale plant that can produce and sell oil for $5 a barrel
can find himself in an untenable position if, soon after production begins, oil
at $3 a barrel becomes available from foreign sources. Thus, relying primarily
on market forces to generate increased domestic production implies an
extended period of administrative controls to restrict consumption to
available domestic supplies.

Research and development expenditures are justified for a commercial
enterprise only with the expectation that they will lead to a sufficiently large
increase in profits to provide an acceptable rate of return, compared to
alternative uses of the limited capital available to the firm. In a situation
without government-guaranteed product prices, there is no assurance that a
private concern would find major research and development expenditures,
with all the uncertainties involved, an attractive investment compared to
additional productive capacity at guaranteed prices or rates of return.
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Objectives of the National Energy
Research. and Development Program

The technical and scientific obstacles and the various political,
environmental, manpower, and legal constraints to implementation of vitally
needed energy technologies have been discussed in the previous chapter. The
accelerated energy research and development program recommended in this
report is designed to overcome these obstacles as expeditiously as possible.

It is essential in planning a balanced research and development program
both to meet short-term needs and to ensure the means of meeting the
needs of the decades beyond the short-term. The current scientific
and technological limitations on various promising programs are reflected in
the time required before commercial application of program results can be
implemented. In this chapter the specific technological objectives sought for
the time periods defined as short-, mid-, and long-term are summarized. This
listing indicates the allocation of effort according to the different time
periods within which the beginning of commercial payoff is expected.

NEAR- OR SHORT-TERM (PRESENT TO 1985)

This category includes research and development objectives that
enhance the implementation of existing technologies, identify additional
resources, and improve the efficiency of existing techniques, practices, and
processes. Particular attention is given to removing barriers to public
acceptance, satisfying existing standards, and developing an improved basis
for standards in all energy production and use areas. In the list that follows,
objectives with most immediate commercial payoff in energy production or
conservation are marked with a 9.

Task 1. Conserve Energy and Energy Resources

• Identify and quantify energy-conserving practices and processes
throughout the economy.
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_2 Develop a model of the energy system and an appropriate data base;
use the model to improve the quantitative understanding of the
energy system and its interactions and to assist managers to better
plan and manage energy research and development.

_ Increase the efficiency and capacity of electrical transmission and
distribution systems, both above and below ground.

2 Increase the efficiency and capacity of energy storage systems.
_ Develop combined-cycle technology.
S Develop materials and technologies for high-temperature "topping

cycles," including potassium topping cycles and magneto-
hydrodynamics.

* Demonstrate techniques and consumer incentives that shift demand
to more efficient transportation modes for people and goods for
both urban and inter-city travel.

* Evaluate and demonstrate vehicle designs that optimize fuel
economy and develop more efficient engines that are
environmentally acceptable.

These objectives will enhance the efficiency, acceptability, or resource
base of existing energy technologies. Progress in achieving these objectives
will help attain the goal of energy self-sufficiency and will clarify choices
among mid-term and long-term energy research and development goals as
time goes on.

Task 2. Increase the Domestic Production of Oil and Gas

_ Demonstrate effectiveness of new and currently available methods
for secondary and tertiary recovery from existing oil and gas fields
and publicize results.

_ Develop methodologies to recover gas from tight formations.
* Improve methods for assessing potential oil and gas recovery from

offshore sites and oil shales.

Task 3. Substitute Coal for Oil and Gas on a Massive Scale

* Improve emission-control technology for coal, especially with
second-generation stack-gas cleaners.
Mine coal with improved techniques and more effective
reclamation.

_o Improve gasifiers for production of low-BTU gas.
* Enhance supplies of hydrogen for coal conversion technologies.
" Develop materials for the construction and operation of coal

conversion plants and develop methods for handling solids,
including grinding, transporting, and separating from liquids.

" Demonstrate economic viability and reliability of the conversion of C
coal to gas and oil.

Task 4. Validate the Nuclear Option

0 Evaluate environmental and safety problems associated with
converter reactors. C
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0 Standardize nuclear reactor site selection procedures.
2 Demonstrate safe procedures for handling and storing radioactive

materials, including plutonium.
* Develop long-term disposal procedures for radioactive wastes,

including plutonium.
* Improve enrichment techniques for uranium.
0 Improve fuel fabrication and reprocessing methods.

Task 5. Exploit Renewable Energy Sources

I Reduce capital costs for solar heating and cooling units.
* Find and assess potential reservoirs of geothermal energy.
0 Develop improved methods for extraction of heat from geothermal

sources.
9 Assess potential dangers of disturbing geological formations by

extracting geothermal resources.

MID-TERM PERIOD (1986-2000)

Mid-term energy research and development program goals aim at
providing alternative energy sources and increased ability to substitute more
plentiful fuels for scarcer ones. Conservation and efficiency measures,
conversion of coal to gas and oil, breeder reactors, and certain solar and
geothermal sources are prime elements of the mid-term program. The long
lead time for development and implementation of these promising
technologies makes it urgent to accelerate funding now to meet expected
energy demands more than a decade from now.

Task 1. Conserve Energy and Energy Resources

0 Demonstrate gains in efficiency from combined-cycle technologies.
0 Develop engines capable of using a greater variety of fuels.

Task 2. Increase the Domestic Production of Oil and Gas

* Demonstrate the economic viability of oil recovery from oil shale.

Task 3. Substitute Coal for Oil and Gas on a Massive Scale

* Improve the economic viability and reliability of conversion of coal
to oil and gas.

* Develop improved catalysts for fuel conversion processes.
* Maintain efforts to assess and minimize environmental impacts of

energy production.

Task 4. Validate the Nuclear Option

• Demonstrate economic viability and reliability of various breeder
reactors.
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* Evaluate environmental and safety aspects of breeder reactors.
* Develop fuels and materials for advanced reactors. ec

Task 5. Exploit Renewable Energy Sources

* Demonstrate methods to produce significant amounts of electricity
from direct solar incidence, from ocean thermal gradients, from
wind, etc. C

* Develop photovoltaic, thermoelectric, and bioconversion techniques
to a significant level of productivity.

" Demonstrate economic viability of advanced geothermal
methodologies.

0 Demonstrate technical viability of thermonuclear fusion
technologies. c

LONG-TERM PERIOD (BEYOND YEAR 2000)

Many presently unanticipated variables, of course, will become
important in the long-term period. Changes in the organization of society, in C
the patterns of transportation and other energy uses, in the needs of
industry, and in overall economic growth patterns may occur. The long-term
goal of the energy research and development program for self-sufficiency is
the production of adequate amounts of environmentally clean, low-cost fuels
from relatively inexhaustible domestic sources. Energy should be available in
forms best suited to the energy needs of the various sectors of the economy.
Specific objectives include:

Task 1. Conserve Energy and Energy Resources

* Improve technologies for conversion of fuels to electricity.
" Improve methods for transmission, distribution, and storage of

energy.

Task 5. Exploit Renewable Energy Sources

* Develop large-scale direct and indirect solar-energy conversion
programs.

* Develop methods for producing hydrogen in large quantities at low
cost.

* Develop fusion technologies to economically viable status.
* Provide advanced materials for fusion reactors.

Supporting Programs

Certain supporting objectives in closely allied areas must be pursued as
complements to the specific energy objectives set out above. The most
important of these are:

0 Enhance basic research into energy systems and fuel sources.
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p " Continue basic research into chemistry, physics, geology, and
biology to identify new potentials and provide the basis of
knowledge for solution of problems that experience shows will
arise.

* Establish the nature, emission patterns, distribution in the
environment, and ecological and medical effects of pollutants.

" Provide improved bases of knowledge for setting environmental
standards and minimizing environmental impacts from energy
technologies.

* Develop detailed methods to enhance environmental and ecological
integrity and overcome any necessary but undesirable impacts that
have accumulated.

* Create and sustain an adequate supply of scientifically and
technically competent manpower to support the operation of the
energy system and the research and development program.

Analysis of these objectives and the time period when they are currently
expected to be achieved is a useful input to the process of designing a
balanced national energy research and development program.
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Appendix A

FY 1975-1979 ENERGY R&D PROGRAMS
AND SUPPORTING PROGRAMS

This appendix outlines the recommended national energy research and
development program and supporting program. The appendix includes
discussions of:

S
0

S
S

Program Goals
FY 1975-1979 Program Objectives
Contributions to the Energy System If Success Is Achieved
Program Plan
Supporting Evidence
Budget
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TASK 1-CONSERVE ENERGY AND ENERGY RESOURCES

A. REDUCED CONSUMPTION ............................ $210M

Program Goals:

1. End-Use Conservation ................................ $150M

To conserve energy and energy fuels by reducing the rate of growth in C
consumption and to achieve this reduction while maintaining an acceptable
standard of living and environment, under conditions of minimal social and
economic dislocation.

2. Improved Management ................................ $ 60M

To conserve energy, energy sources, and energy research and
development resources by providing analytic tools for comparative analyses
of alternative energy strategies that will assist energy policy and energy
research and development policy decision makers in establishing policies.

FY 75-79 Program Objectives:

1. End-Use Conservation

a. To maximize specific energy efficiency in buildings by developing
and demonstrating improved design, construction techniques and
practices, operational methods and maintenance practices, and use
of materials that require less energy for production.

b. To reduce energy consumption in industrial processes by developing
and demonstrating improved design, construction techniques and
practices, operational methods, and maintenance practices and the
use of materials that require less energy for production. C

c. To increase the energy efficiency of transportation systems by
developing and demonstrating more efficient utilization of alternate
modes, patterns of traffic flow, coordination of systems to urban
growth patterns, and use of local regulations.

d. To demonstrate the energy efficiencies to be derived from
integrated utility systems that would provide a community with all (
utility services from a single plant.

e. To develop appropriate information and data, with
cross-energy-sector applications, for analysis of the implications of
demographic trends, land use alternatives, and new technologies in
terms of their impact on energy demands.

2. Improved Management

a. Develop and maintain an adequate base of information and data on
and improve existing and develop new quantitative models of the
U.S. energy system in order to provide the analytical tools required
for analyses of alternative energy policies or management concepts.
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5 b. Conduct assessments, including evaluation of environmental,Deconomic, and social factors, of emerging energy technologies and
integrate the results of those assessments into evolving national
energy policies and strategies.

c. Develop evaluation criteria for the selection of energy research and
development strategy alternatives and identify the trade offs
implicit to these alternatives.

d. Develop recommendations for systematic management of energy
research and development including identification of total resource
needs and the allocation of those resources among competing
programs, taking into consideration the appropriate roles for
Federal and private funding.

Contributions to the Energy System If Success Is Achieved:

1. End-Use Conservation

The potential savings available through the application of conservation
measures are. obviously very large and difficult to predict. A 20% savings by
2000 is a conservative estimate. If 30% of the existing buildings in the U.S.
are modified so that their heating and. cooling loads are reduced 40% and
30%, respectively, a savings of 3% of the present total annual energy used in
the U.S. will be realized.

If 50% of the; new buildings built each year incorporate energy
conservation design features that result in a 40% savings in consumption, a
total savings of 15% of the present U.S. consumption would be realized at
the end of 10 years.

Ultimately a 30% reduction in primary fuel requirements for industrial
thermal processes is a realistic goal, through improved thermal processes and
waste energy utilization.

Improved transportation efficiency, especially improved auto occupancy
and improved management of freight, could reduce projected transportation
demand by about 5% by 1978 and 10% by the year 2000.

Market analysis shows that Modular Integrated Utility Systems
(combinations of various utility services in a single facility) can be utilized to
service 16% of all new construction. Based on this estimate, energy
requirements for space heating, hot water, air conditioning, and electricity in
new construction can be reduced 35% by 1986-a reduction of 8.5% of total
energy requirements for residential utilities.

2. Improved Management

Improved management planning using modern analytic techniques and a
current data base can provide a means for rapid objective assessment of
energy system requirements, trends, capabilities, and limitations. The
decision maker would have at his disposal a more rational basis for assessing
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trade-off options and the allocation of resources to meet either energy needs
or research and development requirements. Viable options for program
planning can be analyzed to optimize payoff with minimum expenditures of
resources.

Program Plan:

1. End-Use Conservation C

Since too little is known about the specific opportunities for research
and development leading to more efficient equipment, building, and process
design, early program emphasis must be on problem definition and program
design and formulation. The FY 1975 objectives and expenditures must, if
necessary, be applied to "software"-or studies leading to program
formulation. That activity will be supplemented by an acceleration of those
programs already underway where specific objectives are clear (e.g., Modular
Integrated Utility Systems-MIUS).

The software results are expected to include numerous proposals for
"hard" research and development activities that can be begun immediately,
and a rapid rise in program funding levels is anticipated. Concepts for energy
conservation abound, but their implicit effects are essentially unknown.
Once those effects are better defined, it should be possible to move directly
to demonstration projects in many fields. Other "software" results are
expected to specify the need for more research and development on
component or material design that would result in a rapid rise in laboratory
experimentation.

2. Improved Management

Improved management must begin with the development of an
open-ended data base and models that will provide for forecasting of impacts C
and estimated results of various research and development efforts. A second
level of effort will be directed toward analyzing those alternative models on
a quantitative basis and translating the results into management tools for
evaluation of research to be undertaken and research and development
underway.

Supporting Evidence:

1. End-Use Conservation

The general subject area of process and utilizing-device efficiency is so
broad that a primary necessity exists to define those topics of highest C
potential "payoff" before detailed technical investigation is begun in earnest.
The range of disparity between theoretical requirements for energy and
actual use patterns shows that there is a wide range of opportunities for
increasing efficiency. Land, building, and equipment designers and
contractors, industrial users of energy, and the individual consumers
comprise a widely disparate field of potential research and development C
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0
partners. Clearly, only the Federal Government can lead in such a
fragmented area of investigation, development, and demonstration. It should
be noted that many governmental pricing research and development
regulatory policies have been tnased on an effort to promote cheaper or more
abundant energy. Effort will be needed to smooth a transition from some of
these policies.

Research and development conducted under the aegis of the
Government can produce new standards for performance and design that
would support policy incentives by the Executive and the Congress, and
demonstration of more efficient designs can lead to the adoption of new
equipment, methods, and construction that will produce savings for the user
as well as the Nation.

2. Improved Management

Systems and planning analysis functions exist in all Government
agencies that are currently active in energy or energy-related research and
development. Such functions are necessary for program management and
analysis. However, there does not exist the technological base for
management and analysis of energy policy and research and development.
Decision makers are forced to rely on multiple data bases and systems for
analysis purposes. Both central policy coordinators and individual program
directors can benefit from centralized planning and analysis models in
addition to the requisite agency support offices.

Budget:

Dollars in Millions

1975 1976 1977 1978 1979 Total

End Use Conservation

Buildings ................... 6.2

Industry ................... 5.4

Transportation .............. 1.8

Integrated Utility Systems ...... 4.5

Cross Energy Sector Studies .... 2.0

TOTAL ..................... 19.9

10.0 11.0 11.6

9.0 14.0 12.8

11.2

13.8

50.0

55.0

4.2 4.5 3.0 1.5 15.0

5.0 4.0 1.0 0.5 15.0

3.5 4.0 3.0 2.5 15.0

31.7 37.5 31.4 29.5 150.0
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Budget (continued):

Dollars in Millions

1975 1976 1977 1978 1979 Total

Improved Management

Energy Data Base and
System Modeling ............ 3 3 4 3 3 16

Technology Assessment of
Emerging Energy Systems ..... 2 2 4 4 2 14

Evaluation Criteria for
Energy Systems ............. 2 2 1 1 1 7

Systematic Management Analysis
of Alternative Energy
Futures ................... 3 5 5 5 5 23

TOTAL ..................... 10 12 14 13 11 60

B. INCREASED EFFICIENCY ........................... $1440M

Program Goals:

1. High-Temperature Gas Turbine ........................ $315M

To conserve energy fuels by developing high-temperature turbine
systems that will result in increased efficiency of energy conversion.

2. Advanced Cycles, Fuel Cells, and Other .................. $210M

To conserve energy fuels by developing more efficient methods for
converting fuels to useful energy (other than through high-temperature gas
turbine systems).

3. Advanced Automotive Propulsion ....................... $300M

To conserve energy and energy fuels by developing more efficient
propulsion systems for automotive units.

4. Rail, Bus, Ship, and Air Systems ........................ $205M

To conserve energy by developing more efficient propulsion systems and
increasing the efficiency of use patterns of air, rail, bus, and ship systems.

5. Energy and Fuel Transmission, Distribution and Storage ...... $200M

To conserve energy by developing more efficient and reliable means of
transmitting, distributing, and storing energy and energy fuels to meet the
demand sector of the future in a safe, environmentally acceptable way.
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FY 75-79 Program Objectives:

I. High-Temperature Gas Turbines

a. To increase the overall efficiency- and reliability of power
generation and space heating systems by developing efficient
high-temperature gas-turbine systems.

b. To develop a direct cycle, gas turbine for use with the high
temperature gas reactor (HTGR).

2. Advanced Cycles, Fuel Cells, and Other

a. To increase the overall efficiency and reliability of power
generation by developing potassium-vapor topping and

magnetohydrodynamic (MHD) conversion systems.
b. To develop efficient and economical fuel cells for centralized and

decentralized power generation.
c. To develop systems for the economical conversion of wastes to

power.
d. To investigate, evaluate, and develop new concepts for efficient

energy conversion.
e. To evolve the basic constituent technologies that enable the

substantial improvement of various power systems or that make
feasible entirely new concepts for power generation.

3. Advanced Automotive Propulsion

a. To improve the energy consumption efficiency of existing
propulsion systems for autos and trucks and demonstrate new
energy conservative vehicle systems.

b. To explore and develop systems to use alternative fuels as
substitutes for fuels derived from crude oil.

4. Rail, Bus, Ship, and Air Systems

a. To conserve energy by improving systems capability to integrate
mass transit systems.

b. To develop design and engineering improvements to increase energy
efficiency of ships.

c. To improve efficiency of energy use by air transportation systems.

5. Energy and Fuel Transmission, Distribution and Storage

a. To develop new or improved technology for a-c and d-c bulk power
transmission systems that will provide the capability to double the
present capacity (with further eventual increase to 4 to 10 times
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present capacity) economically and without environmental
degradation.

b. To develop underground transmission systems capable of matching
future overhead systems in both power capacity and voltage with as
low a cost differential between overhead and underground as
possible.

c. To improve distribution system efficiency and reliability through
advanced systems security/control methods and equipment. C

d. To develop efficient and environmentally acceptable methods of
storing energy for use during peak energy demand periods.

e. To develop advanced ship concepts for the transportation of fuels
with improved throughput and efficiency and with improved
environmental and safety controls. C

Contributions to the Energy System If Success Is Achieved:

1. High-Temperature Gas Turbines

Energy savings in the year 2000 will amount to 2 x 101" BTU, if high
temperature gas turbines can be developed. Such turbines used in C
conjunction with ordinary steam cycle converters could raise the conversion
efficiency of central station power plants to 50% or greater.

High-temperature gas turbines directly coupled to heating system
burners could produce electric power and reject the waste heat for space
heating purposes. The electric power generated would be a bonus not
obtained in current heating systems. Some 2 x l01 ' BTU per year could be
saved this way by 2000. A direct-cycle gas turbine operating from the helium
coolant from the HTGR will reduce efficiency losses that are expected if
heat exchange to a second fluid is effected.

C

2. Advanced Cycles, Fuel Cells, and Other

Potassium topping cycles would conserve I x l0's BTU per year by
2000. MHD used in a topping-cycle mode would effect similar savings.

Conversion systems using wastes as fuels have an unknown effect on the
energy system but represent a major potential in solving municipal (and
other) waste disposal problems.

Fuels cells could be used for decentralized conversion of fuels (e.g.,
natural gas) to electric power in homes or buildings or used to replace peak C
power generating systems at decentralized locations.

3. Advanced Automotive Propulsion

The proposed transportation energy research and development program
will reduce transportation dependence on crude oil by 22% in the year 1985, C
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by 55% in the year 2000, and up to 100% after the year 2000. The proposed
program for auto/trucks will result in a projected savings of approximately
1 billion barrels of oil per year by 1985 and 3 billion barrels per year by
2000.

4. Rail, Bus, Ship, and Air Systems

Information will be developed which could result in operational
economics of aircraft to accomplish a 15% reduction in fuel use by 1985.
The propulsion segment of the program provides means for reducing aircraft
fuel requirements in the mid-I 980's and beyond by major improvements in
engine technology. Savings on the order of 30% or more by 2000 appear to
be feasible; the proposed program will initiate the research and development

Deffort required. The successful completion of research and demonstration
projects directed toward a near-term reduction in transportation petroleum
consumption by means of shifts to the energy conservative bus and rail
modes of transportation could result in reducing the total projected
transportation energy consumption by 3% in 1985 (0.15 billion barrels per
year) and 5.8% in the year 2000 (0.36 billion barrels per year). With
successful research and development, potential power savings of 15%'can be
made in the operation of ships.

5. Energy and Fuel Transmission, Distribution and Storage

0 Current technology applied to the projected need for electrical power in
1985 and 2000 would result in a doubling and quadrupling, respectively, of
power lines and auxiliary facilities. The research and development objectives,
if attained, would allow the transmission and distribution of the power with
fewer high-capacity lines and result in underground transmission of much of
the increased supply. Storage systems using batteries, electromagnetic, or
mechanical devices would reduce requirements for peak load generation
equipment that are inherently less efficient and make no use of the excess
base load capacity during off-peak hours.

Liquefied natural gas tankers operating today lose up to 10% of their
Dcapacity through evaporation and represent significant safety hazards both

on the seas and in port. Research and development would increase efficiency
and mitigate the dangers. New ship concepts such as submarine tankers and
extremely large barge-tankers would allow the shipment of energy fuels from
arctic regions, lower costs for bulk shipment, and obviate requirements for
deep-water ports for deep-draught tankers.
Program Plan:

1. High-Temperature Gas Turbine

An open-cycle high-temperature gas turbine will be developed to the
point of constructing and operating a combined cycle 100-MW

089



C

demonstration power plant by 1979. A variety of fuel sources must be tested
for compatibility. Catalytic combustion processes, water cooling techniques,
and the application of ceramic materials for blades will be included in the
development program.

A high-temperature gas turbine whose exhaust is used for space heating
will be developed. A 2- to 3-MW power plant demonstration unit will be
constructed and tested. Following tests, several such units will be used by C
the Department of Housing and Urban Development for demonstration in
model energy conserving housing developments.

A 750-MW(e) helium direct-cycle gas turbine facility will be constructed

to develop a turbine for use with the HTGR. C

2. Advanced Cycles, Fuel Cells, and Other

A preliminary design and detailed economic assessment of a 1000-MW
power plant using a potassium topping cycle will define program
specifications. Based on these specifications, development will proceed to C
include design, construction, and operation of a pilot 30-MW potassium
vapor topping cycle unit by 1979.

The MHD program will accelerate the development of the open cycle,
liquid-metal closed cycle, and closed-cycle plasma concepts. All three
program elements will address materials questions, systems analysis, and
component design.

The program directed toward tne use of wastes as fuels includes systems
studies and prototype equipment development and testing for combustion,
biochemical conversion and pyrolysis, and combusting wastes for power
generation and auxiliary emission control technology development. Six
incinerator-boiler pilot plants would be constructed or modified and
operated.

Fuel cell development would be extended substantially to produce pilot
and demonstration plants for acid hydrogen, methyl alcohol molten
carbonate, alkaline hydrogen and high-temperature (1000°C) solid
electrolyte type cells. Both centralized and decentralized applications would
be studied. Pilot plants 10 kW or larger are planned.

Higher conversion efficiencies may be realized by utilizing advanced
concepts such as Feher (CO2 ) cycles, thermionics, or thermogalvanic cells.
Applied research to test these concepts is planned in the FY 1975-1979
period.

A vigorous program of supporting research and development is necessary
to augment the above program. Emphasis will be on metals and ceramics
research for high-temperature application, thermodynamics, and catalysis.
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3. Advanced Automotive Propulsion

Significant short-term impact can be achieved by conducting a program
of research, development, and demonstration to provide a factual data base
for a regulatory program aimed at reducing automotive petroleum
consumption.

Assessment studies will be conducted to define the fuel economy
improvements achievable with state-of-the-art technology and with new
improved technology. Results will be disseminated, and development of the
new technology will be initiated. Demonstrations of fuel economy
improvements achievable with this technology will begin.

Several propulsion and vehicle systems will be evaluated, two of which
will be brought to the engineering development phase. Preliminary battery
design for a moderate performance electric car will be completed in FY
1977, and prototype motors, controls and power conditioning will be
demonstrated in FY 1979. Studies will continue on the technical and
economic feasibility of using fuels derived from domestic nonpetroleum
energy resources for automotive transportation.

4. Air, Rail, Bus, and Ship Systems

Significant short-term impact- can be achieved .also by conducting a
program of research, development, and demonstration to provide a factual
data base for a regulatory program aimed at reducing aircraft petroleum
consumption. Studies will be conducted to provide the technical basis for
operational measures which will reduce near-term fuel savings on current
aircraft.

Work will be done to provide the technical information required by
developers of synthetic hydrocarbon fuels for assurance that the fuels, when
produced, will be suitable for current aircraft propulsion utilization and to
devise and demonstrate the technology for alternate fuels handling at
airports.

Work will be directed toward technology for improving fuel economy of
existing engine types, for development of advanced fuel-conservation gas
turbine engines, low-drag aircraft, and for adaptation of aircraft gas turbine
engines to the use of alternate fuels.

Some effort will be expended to determine the technical and economic
feasibility and to generate critical long-lead technology for air-cushion
vehicles, lighter-than-air vehicles, and very large slow airplanes as
energy-conservative alternatives to conventional aircraft for large cargo
shipment.
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New rail and bus technology developed by industry and the Federal

Government is proposed to be brought to bear in new-initiative ec
demonstrations. Major efforts for integrated bus transit systems are proposed
for a city with a population under 1,000,000 to be followed by a larger city
of about 2,000,000. Computer aided information dissemination systems will
be demonstrated.

Work will be done to improve those aspects of ship design and operation
that impact on fuel consumption (hull shape, propeller design, and
anti-fouling techniques). Work will continue on nuclear propulsion for ships,
at least through the exploratory development phase.

5. \ Energy and Fuel Transmission, Distribution and Storage
C

Development objectives during the FY 1975-1979 period include
prototype 1100-kV a-c overhead transmission lines and a 100-MW d-c
terminal demonstration project. Four improved types of underground cables
will be developed and completed for commercial use, and model tests of
superconducting cables will be conducted.

C

A I 0-MWH pilot model of a sodium-sulfur or lithium-sulfur battery will
be built and a superconducting energy storage magnet will be developed to
the prototype design stage. Engineering development of a flywheel facility
will be completed.

Concept designs of surface and underwater ocean tankers, especially
adapted for arctic service, will be completed. Advanced designs for LNG
tankers with greater efficiency and safety will be developed. Computer
controlled sailing ships will be studied and scale models tested.

Supporting Evidence: c

1. High-Temperature Gas Turbines

Although gas turbines are now used widely, the use of gas turbines in
sizes required for central station base load power production is rare, and
lifetimes are too short to justify economic operation. Conservative C
management policies within the utility industry retards acceptance of this
innovation and market formation. Large scale demonstration is necessary to
encourage, adaption to commercial use. Research and development
partnership with industry should be forthcoming.

2. \ Advanced Cycles, Fuel Cells, and Other C

Potassium topping cycles are technically feasible, but several materials
problems must be overcome before systems can be built that will operate for
lifetimes required in central power stations. Progress on MHD systems is also
materials dependent. (
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Wastes used as fuel is also a technically feasible concept, but the
economics of such an industry will depend largely on total system design to
include recovery of other valuable resources (e.g., metals). Cost analyses and
total system demonstration are required for proof of the concepts.

Fuel cells work today, but capital costs are high. Their ultimate
application may depend on plentiful supplies of natural or synthetic gas or
hydrogen. Less expensive catalysts and mass production methods may hold

the key to reducing high initial costs.

Advanced concepts such as Feher (C0 2 ) cycles, thermionics, and
thermogalvanic conversion, are still in the early stages of technical
evaluation.Theoretical efficiencies are high (60% or greater) but much bench
scale testing is required to prove concepts for eventual economic application.

3. Advanced Automotive Propulsion

There seems to be no insurmountable manpower or capital availability
problems in developing greater efficiency in automotive engine design and
operation. Certain engines including the Rankine and Stirling cycle engines
are inherently more efficient than the present internal combustion engine,
and it should be possible to adapt one of these for future use on automotive
systems.

Widespread application of new designs or concepts must be preceded by
industrial willingness to change long standing methods of operation or
governmental sanctions.

4. Air, Rail, Bus, and Ship Systems

Aircraft turbines are relatively efficient at present, but large savings in
fuel can be achieved through improvements in the national air use system.
Similarly, it is imperative that much thought be given to shifting transport
modes from relatively inefficient automotive and air systems to the more
inherently efficient rail system. The use of nonpetroleum fuels for aircraft
systems would effect a significant savings in crude-oil requirements.

While ocean transport is still the most economical form of cargo
shipment, there remain significant impediments to greater efficiency,
specifically in drag reduction.

Nuclear ships exist today, but the economics of wider commercial use

S must be studied further, demonstrated, and safety aspects proven.
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5. Energy and Fuel Transmission, Distribution and Storage

Cost restrictions inherent in underground transmission systems and
superconducting magnets may require Federal tax incentives initially. No
other restrictions in development or operating skills, material, or equipment
are preemptive. Transmission systems with larger capacity are technically
feasible, but economic criteria demand further development for
cost-reduction purposes.

Storage systems must show economic advantages over peak-load
generating costs that are now incurred.

The potential for finding and exploiting significant quantities of fuels in
the arctic regions demands that we investigate appropriate means for
economic and safe transport of those fuels to U.S. markets.

Budget:

W

C

r.

C

C
Dollars in Millions

1975 1976 1977 1978 1979 Total

High-Temperature Gas Turbines .. 18.3

Other
Potassium Topping Cycle ...... 7.0

Wastes as Fuel ............... 1.5

Fuel Cells .................. 5.5

Advanced Concept ........... 2.0

Enabling Technology .......... 2.0

66.8 79.3 76.8 73.8 315.0

14.5 26.0 20.5 22.0 90.0

2.6 2.3 1.9 1.7 10.0

9.5 17.0 21.0 27.0 80.0
C

2.0 2.0 2.0 2.0 10.0

3.0 5.0

Subtotal .................. 18.0 31.6 52.3

Advanced Automotive Propulsion . 53.0 59.0 59.0

5.0 5.0 20.0

50.4 57.7 2.10.0

71.0 58.0 300.0

30.0 54.0 139.0

C

Air, Rail, Bus, and Ship Systems

Air ........................ 10.0

Rail & Bus .................. 4.0

Ship ....................... 6.0

19.0 26.0

5.3 6.3 9.0 10.4 35.0

8.2 4.2 5.8 6.8 31.0

Subtotal .................. 20.0 32.5 36.5 44.8 71.2 205.0

9 C
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Budget (continued):

Dollars in Millions

1975 .1976 1977 1978 1979 Total

Energy & Fuel Transportation
Distribution & Storage

Overhead T&D .............. 8.1

Underground T&D ........... 5.3

Storage . .................... 4.2

Systems Research ............ 2.4

Ship Delivery System ......... 7.0

Subtotal 27.0

7.4 7.4 7.4. 9.4 39.7

7.5 7.8 10.0 12.0 42.6

7.0 11.7 12.5 15.5 50.9

3.6 4.0 2.9 3.9 16.8

8.0 9.0 12.0 14.0 50.0

33.5 39.9 44.8 54.8 200.0

.0
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TASK 2-INCREASE PRODUCTION OF OIL AND GAS o_

A. PRODUCTION ....................................... $310M

Program Goal:

To increase the production of oil and gas by developing and
demonstrating new technologies and extending current technologies that will c
result in rapid and economic in situ recovery of domestic resources.

FY 75-79 Program Objectives:

1. To increase the production of oil in operating fields by developing and
demonstrating methods for secondary and tertiary recovery of residual
reserves.

2. To increase the production of oil and natural gas by developing and
demonstrating methods for stimulating flow in low permeability
reservoirs.

3. To increase the production of synthetic petroleum from oil shale by
developing and demonstrating methods for processing oil shale in situ to
recover liquid products.

4. To increase the production of oil and gas by developing and
demonstrating equipment design and methods of operation that will
result in more economical drilling operations, environmentally sound
practices, and a concomitant rise in find rates and the exploitation of
deeper reservoirs.

Contributions to the Energy System If Success Is Achieved:

It is estimated that secondary and tertiary recovery could increase the
production in operating fields by 260 million barrels per year by 1985. This
could also result in the production of an additional 700 billion cubic feet of
associated natural gas per year by that time. Improved methods for C
stimulating the flow of oil and natural gas in low permeability reservoirs
could result in recovery of an additional 70 million barrels of oil and 2.6
trillion cubic feet of natural gas per year by 1985. Sucessful development of
the technology for processing oil shale in situ could result in the production
of 200 million barrels of synthetic oil per year by 1985. The development of
equipment and procedures for faster, deeper, and more economical drilling C
could result in the discovery and recovery of 500 million barrels of oil and
2.5 trillion cubic feet of natural gas per year by 1985. Better drilling and
operating policies could reduce the incidence of oil spillage and make
offshore operations more environmentally acceptable.

Program Plan: C

Combinations of four methods for secondary and tertiary recovery of
oil will be tested in approximately 20 experiments that will include some 15
reservoir types. These experiments will determine optimum methods appli-
cable to particular reservoirs.

Seven experiments are planned in three different reservoirs to determine C
the potential of massive hydraulic fracturing and chemical explosive
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fracturing for stimulation of low permeability formations. One further
nuclear stimulation demonstration is also planned. The program is designed
to determine which stimulation technique or combination of techniques is
most suitable for given reservoir characteristics.

In situ retorting of oil shale will be tested in the Rocky Mountain basins
using a combination of several different fracturing techniques and retorting
conditions. The recovery rates for each combination and the control
problems encountered will be studied to determine optimum technical
design.

Development will be continued on jet drilling techniques and equipment
and spark cavitation drilling concepts. Field tests on prototype equipment
are planned to determine what improvements are possible in rate of
penetration and capabilities in differing rock formations. Better control
devices and practices will be tested to show potentials for reducing oil
spillage, and oil-spill cleanup methods will be assessed.

Supporting Evidence:

Oil company research on secondary and tertiary recovery has been
significant (-$30M/year). The lack of data exchange has inhibited
widespread application of techniques or development of techniques with
more general application. A Federal effort should be capable of drawing the
technology base together and effecting technology transfer.

Nuclear stimulation of tight gas reservoirs has been successfully
demonstrated. Further testing is required to demonstrate economics and to
enhance efficiency. Explosive and hydraulic fracturing is effective in certain
reservoirs, but massive techniques are theoretically indicated for
effectiveness in the tight reservoirs.

In situ oil-shale retorting has been successfully demonstrated on a pilot
scale.

Faster experimental drilling techniques now exist. Improvements are
required in control technology, downhole equipment developments, and in
extending operating lifetimes. "Blowout" control and oil-spill cleanup
development are continuing activities of the oil industry but require greater
emphasis to support enlarged offshore drilling activities.

Budget:

Dollars in Millions

1975 1976 1977 1978 1979 Total
Secondary and Tertiary Recovery

(fluid injection) ............... 10.7 22.4 20.5 12.0 4.8 70.4
Stimulation (conventional

and nuclear) ................ 9.1 31.2 23.2 16.6 16.2 96.3
Oil Shale In Situ

(conventional and nuclear) ..... 9.3 30.0 30.7 29.6 28.2 127.8
Advanced Drilling ............. 2.6 5.5 5.1 1.3 1.0 15.5
TOTAL ..................... 31.7 89.1 79.5 59.5 50.2 310.0

D 0 0
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B. RESOURCE ASSESSMENT ............................ $150M

Program Goal:

To support the increased production of oil and gas, the substitution of
coal for oil and gas, and the production of nuclear fuels by enlarging the
qualitative and quantitative inventory of domestic resources through
exploratory techniques and new equipment and methods research. c
FY 75-79 Program Objectives:

1. To improve as rapidly as possible the knowledge level of domestic
resources and economically available reserves of oil and gas, both
onshore and offshore.

2. To improve as rapidly as possible the knowledge level of domestic c
resources and economically available reserves of uranium and thorium.

3. To assess the Nation's coal resources in terms of quality, regional
distribution, and recoverability.

4. To improve the information base on the distribution and quality of oil
shales and tar sands.

5. To maintain an overview of the quantities and availability of nonenergy c
mineral resources essential to the energy-producing system.

6. To improve general exploration theory and technology.

Contributions to the Energy System If Success Is Achieved:

This research and development will lead not only to knowledge of new
resources but also to better ability to judge the quality of existing resources.
In coal especially this will lead to the ability to do better other research on
combustion (which is related to the by-product content of coal types). In the
oil-shale area it will also better define sites for in situ plants.

Program Plan:

Program activities would comprise 70% research in preexploration
assessment technology and 30% analysis and research in exploration
technology for onshore resources; and 90% exploration and 10% analysis and
research for offshore resources.

Preexploration assessment to include the use of novel techniques will C
enlarge the data base necessary to analyze regions where resources are
expected. The analysis effort will consist of accumulating, collating, and
assessing data to improve methods of determining resource availability, both
quantitatively and qualitatively.

The research effort is largely directed at the development of new C
exploration and analytic tools needed to locate and assess new reserves,
including analogic digital modeling of energy resource deposits and
identification of sedimentary process indicators for exploratory work.

A viable technology transfer program is required to disseminate findings
to industrial users who would conduct most actual exploration efforts.
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Supporting Evidence:

Federal responsibility for the development of natural resources cannot
be properly discharged without knowledge of the resource base.
Determination of viable energy options, resource development priorities,
public land lease programs, prices, and subsidies should be based on reliable
evidence of resource availability.

The current Federal research and development resource assessment
program is not considered adequate to support a vigorous expansion in the
use of domestic resources. Rational development at an increased pace
requires greater knowledge than now exists if the highest payoff at least cost
and environmental risk is to be ensured.

Industry welcomes and relies on Federal data and analyses to design
their exploration and exploitation programs. Further, such data and analyses
will provide a more rational basis for the development of national energy
policies and energy research and development programs.

Budget:

Dollars in Millions

1975 1976 1977 1978 1979 Total

Petroleum and Natural Gas ...... 6.7

Uranium and Thorium .......... 6.3

Coal ........................ 3.0

Oil Shale .................... 1.0

Non-Fuel Resources ........... 1.0

General Exploration
Technology ................. 2.0

8.3 13.0 20.0 22.0 70.0

6.7 8.0 9.0 10.0 40.0

4.0 4.5 4.5 4.0 20.0

1.0 1.0 1.0 1.0 5.0

1.0 1.0 1.0 1.0 5.0

2.0 2.0 2.0 2.0 10.0

d TOTAL ..................... 20.0 23.0 29.5 37.5 40.0 150.0

.0
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TASK 3-SUBSTITUTE COAL FOR OIL AND GAS o

Program Goal:

1. M ining ............................................. $325M

To develop and demonstrate more productive, safe, low environmental
impact coal mining technology to the point where the mining industry can C
rapidly incorporate this technology in greatly expanded future operations.

2. Direct Combustion ................................... $200M

To substitute coal for oil and gas by developing coal-fired boilers for
electric power generation which have improved thermal conversion effi- C
ciency, reduced costs, and acceptable environmental impact.

3. Synthetic Fuels ..................................... $1270M

To substitute coal for oil and gas by developing the technology for
converting coal to clean liquid and gaseous fuels.

4. Common Technology .................................. $380M

To provide the necessary supporting research and development to
achieve the other coal objectives and to develop the technology necessary for
reducing, to acceptable levels, the environmental impact of commercial scale
coal processing, transportation, conversion, and combustion operations. 4
FY 1975-79 Program Objectives:

1. Mining

a. To develop and demonstrate surface coal mining systems featuring
integrated extraction and reclamation processes that meet
environmental, social, and economic constraints.

b. To develop underground coal mining systems that increase average
productivity to 30 tons/man shift with as complete extraction as
possible in a manner that ensures safety and environmental
protection.

c. To develop systems for mining oil shale in an environmentally safe
and productive manner.

2. Direct Combustion

To complete pilot-scale tests of four methods of clean combustion of C
coal and to build and operate one pressurized fluidized-bed boiler system.

3. Synthetic Fuels

a. To investigate several processes for converting coal to pipeline- C
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quality gas and to build and operate a demonstration coal
gasification plant.

b. To build and operate three to five pilot plants and two combined-
cycle demonstration plants to test four processes for converting
coal to gas of a low BTU content.

c. To investigate several processes for converting coal to liquid boiler
and distillate fuels, select three or more of these for further testing
in pilot plants, and design one demonstration plant.

d. To support the construction of two commercial-scale plants
incorporating state-of-the-art processes and techniques for
producing oil and gas from coal and to measure, monitor, and
evaluate the operation of these plants.

4. Common Technology

a. To obtain data through laboratory research on materials and
component development for various coal conversion processes.

b. To provide exploratory data for development of new processes.
c. To develop an economical method of removing sulfur dioxide from

flue gas.
d. To reduce impurity and pollutant discharges resulting from the

combustion of coal.
e. To improve the technology for impurity removal from coal by

physical and chemical treatment.
f. To ensure the environmental acceptability of commercial scale

processes of converting coal to gas and to liquids.
g. To develop economical methods of disposing of wastes resulting

from the use of coal.
h. To investigate the feasibility of converting coal to gas in situ.

Contributions 'to the Energy System If Success Is Achieved:

D I. Mining

To attain energy self-sufficiency, U.S. coal mining capability will have to
at least triple in this century. In the near-term over 600 million tons/year of
additional coal production capacity will be required by 1985.

2. Direct Combustion

When fluidized-bed boilers are developed, they will capture at least 25%
of the market for new coal boilers. This implementation rate would result in
300 MW (or 0.2 x 101s BTU fuel input) installed capacity in 1985 and
40,000 MW (2.2 x 10' BTU) in the year 2000.

3. Synthetic Fuels

As a result of the proposed program, full-scale (250 million cubic
feet/day) high-BTU gasification plants could be operating by 1980. Present
estimates point to 1.2 trillion cubic feet/year of high-BTU natural gas from
coal by 1985 and 3 trillion cubic feet/year by 1990.
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Commercial production of low-BTU gas is expected to proceed at a
rapid pace after successful demonstration, and the estimated benefits of this
program to the Nation are:

ec
1985 2000

No. plants ........... 10 commercial plants
Electric power ........ 32.9 x 106 MWH(e)
Q energy released

for priority uses ...... 0.28 x 101 5 BTU
Q saved by high

efficiency .......... 0.014x 1015 BTU

210 commercial plants
I150x 106 MWH(e)

9.8 x 10" BTU

0.49-0.9 x 101 " BTU

C

Coal liquefaction could produce 250,000 barrels/day of liquid fuels in
1985. By the year 2000 it could produce 3 to 4 million barrels/day of liquid
fuels and 1.5 trillion cubic feet of by-product synthetic pipeline gas.

4. Common Technology

Flue-gas cleaning and fuel cleaning could ultimately impact upon the
entire industrial, residential/commercial, and utility market. Flue-gas
environmental control capabilities could be achieved on 10 to 16 x 1011
BTU of generating capacity by 1985 and 20 to 40 x 101 1 BTU of generating
capacity by 2000. By the year 2000, yields of 2 to 6 x 101 1 BTU/year of
clean usable energy could be obtained by fuel cleaning. Ultimate application
of pollution control technologies will allow achievement of air quality
criteria from fuel combustion and, thus, continued use of existing domestic
coal as fuel.

In situ gasification of coal could produce large quantities of pipeline-
quality gas without recourse to mining and the disposal of processing-plant
wastes.

Program Plan:

1. Mining

The surface coal mining program will develop and demonstrate mining
and reclamation systems and equipment that would permit surface mining in
the western and Appalachian coal fields at minimum cost and environmental
impact. Particular attention will be paid to demonstration projects to assess
the efficacy of the best present technology and identify and resolve
indicated deficiencies.

The underground coal mining program will develop and conduct
demonstrations of equipment systems for high-speed horizontal mine
development, improved longwall mining, continuous materials handling
systems, improved roof control systems, commercial extraction of methane
from virgin coal and gob areas, and novel mining concepts. Technology for
environmental protection associated with underground mining, including
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control of subsidence phenomona, control of chemical mine drainage
effluents, and acceptable methods of waste disposal will be demonstrated.

The shale mining program is directed toward heading off immediate
critical problems in oil-shale mining in the Piceance River basin, Colorado,
where mining may be greatly increased soon. Principal emphasis will be on:
(1) systems analysis effort to adapt surface mining technology to the unique
problems of large-scale oil-shale extraction; (2) the development of basic
structural parameters for the design of underground mines; (3) investigation
of occurrence and movement of groundwater in the oil-shale strata; and (4)
investigation of environmentally acceptable means of restoring surface-mined
terrain to as good or better than original condition. New facilities will
include a multipurpose prototype mine shaft to provide access to the deeper
oil-shale sections.

2. Direct Combustion

Several clean combustion processes will be developed and tested in pilot
plants. These include: (1). the pressurized boiler concept, in which the
fluidized bed contains the heat transfer surface and the hot pressurized
off-gases are expanded through a gas turbine; (2) the atmospheric pressure
concept; and (3) the direct turbine drive concept. A mathematical model
describing the fluidized-bed combustion process will also be developed. Each
of the three variations will be tested in a separate intermediate sized plant
(30 to 50 MW). One full-scale demonstration plant will be built.

3. Synthetic Fuels

The proposed plant for high-BTU gasification involves the acceleration
of the present program being conducted under the joint direction of the
Office of Coal Research and the American Gas Association, and the present
Bureau of Mines program, as well as a program of supporting research and
development for equipment/materials research and development and for
basic studies of gasification chemistry. This plan includes the operation of
the Hygas process pilot plant and the CO2 -Acceptor process pilot plant,
completion of the construction and operation of pilot plants for the
Synthane and Bi-Gas processes, and the construction and operation of one
80 million cubic feet/day demonstration plant.

The low-BTU gasification program includes the construction of the
entrained bed gasifier type pilot plant [30 MW(e) to 50 MW(e)] within an
existing utility and consisting of a gasifier, a gas turbine, a waste heat boiler,
and a steam turbine. Cycle efficiency is estimated to be over 40% with initial
operation expected in 1977. A fluidized-bed gasifier (pressure type) pilot
plant [30 MW(e) to 50 MW(e)] will also be constructed. Initial operation is
planned for 1978. A slurry fired pilot scale plant is planned for initial
operation in 1976 or 1977. This is a pumpable coal/water high-temperature
slurry feed system with high-temperature clean up of sulfur and particulates
in a single compact vessel. In addition, three to five of the numerous new
concepts for iow-BTU gasification will be tested at the pilot scale.

D 0 0
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Supporting development, including hot gas cleanup projects, will be carried
out. Approximately two-thirds of the funding will be for the two e0c
demonstration projects and one-third for the smaller scale projects.

The coal liquefaction program consists of a series of interrelated,
mutually supporting projects that will investigate alternate methods to
liquefy coal. The work includes appropriate pilot plant, process plant, and
laboratory-scale experiments. The end result is expected to be a c
demonstration plant test center where synergistic processes can be tested
singly and in combination to show both technical feasibility and economic
viability. A solvent refined coal (SRC) pilot plant will be completed and put
in operation.

In addition, it is planned to support industry initiatives in funding the C
construction of two commercial scale plants to produce synthetic fuels from
coal using state-of-the-art processes and technology. The operation of these
plants will be monitored and evaluated to determine engineering
improvements needed to upgrade processes and to assess the potential for
further research and development in coal conversion processes.

C

4. Common Technology

Although the basic feasibility of producing gas and oil from coal and
shale has already been demonstrated, ultimate economic practicality of these
energy sources may depend either on the development of new procedures for O F
at least part of these processes or on the gradual improvement of existing
processes, materials, and equipment. Specific areas where technology
development and support research are needed include: equipment
development, materials improvements, investigation of catalysts and
chemical kinetics for conversion processes, process development, and C
hydrogen production.

Methods for ensuring the environmentally acceptable combustion and
utilization of domestic fuels will be reduced to commercial practice.
Processes will be developed and demonstrated for improved control of
particulate, sulfur dioxide, and hazardous pollutant emissions from C
combustion flue gases. Methods for environmentally sound coal conversion
will be reduced to commercial practice. Technology for the physical and
chemical separation of pollutant-forming constituents from coal will be
demonstrated. Methods for ensuring the environmental integrity of major
conversion technologies will be developed, and conversion process by-
product recovery/utilization will be developed. c

Concepts for the in situ gasification of coal will be evaluated and tested
on a small scale to determine the potential for producing synthetic gas
without recourse to mining and surface processing, thus reducing the overall
environmental impact. C
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DO Supporting Evidence:

1. Mining

A resource base of necessary research skills exists within the
Government owing to existing programs in the Bureau of Mines and
Geological Survey. Lead time exists in which to develop skilled manpower

D for implementation of research results. Union resistance to improved mining
systems can be expected to be minimal because of historical union positions,
benefits to the miners, and the importance of the energy crisis. The
importance of the crisis will also affect potentially inhibiting legislative
restrictions. As the economic incentive (a long-term requirement for coal)
increases, the coal industry will be able to adapt its financial and

D management structure to the necessary capital expenditures for innovative
mining techniques. The same should hold true for the mining equipment
industry.

2. Direct Combustion

D Much of the technology in this area is available on a laboratory-scale
basis. Further engineering and development is required to demonstrate its
use on a commercial scale.

3. Synthetic Fuels

Several methods are known for producing pipeline quality and low-BTU
gas from coal on a laboratory scale. The program described will allow further
larger scale testing of these processes and the completion of a demonstration
plant. The coal liquefaction program is based on technology that has been
carried through small scale equipment and is supported by ongoing pilot
plant projects. The primary risk involves scale-up, which means that plant
outputs cannot be guaranteed but product quality can. The primary barrier
to commercial acceptance is industrial fear of the magnitude of the
investment in commercial plants. By underwriting the major risk, the
Government will ensure the maximum rate of commercial adoption of these
processes.

D 4. Common Technology

The various processes for burning and converting coal could not be
pursued economically or rationally without parallel technology development
and supporting research. Government funding of the pollution control area is
required in view of the requirement for a cohesive, well-directed research and
development program to support environmental quality control. Private
industry cannot be relied upon to develop the broad research and
development program that is needed.

DO
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ecBudget:

Dollars in Millions

1975 1976 1977 1978 1979 Total

Mining ....................... 45 57 64 77 82 325

Direct Combustion ............ 30 35 40 44 51 200

Synthetic FuIs ............... 240 287 264 254 225 1,270

Common Technology .......... 90 72 66 72 80 380

TOTAL ..................... 405 451 434 447 438 2,175

C

C

C
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TASK 4-VALIDATE THE NUCLEAR OPTION

A. HTGR, SAFETY, WASTE MANAGEMENT, ETC ......... $1245.7M

Program Goal:

To guarantee the nuclear option by performing research and
development that will enhance the safety, environmental acceptability,
reliability, and economic viability of nuclear converter reactors.

FY 75-79 Program Objectives:

1. To develop an improved basis for assessing the performance of safety
systems and to develop improved safety systems and surveillance
instrumentation necessary to ensure the safe and reliable operation of
nuclear power plants.

2. To develop the control technology, necessary to reduce nuclear power
industry effluents to the lowest practical levels and to develop to full
scale use a safe and efficient means for disposing of wastes generated by

D the nuclear power industry.
3. To develop techniques to reduce the environmental impact of thermal

discharges from power plants and, to develop guidelines for more rapid
and standardized procedures for selection and review of facility sites.

4. To develop more efficient methods for uranium isotope separation.
5. To conduct research and development needed to heighten assurance of

safe, reliable operation of the HTGR.
6. To develop satisfactory fuel fabrication and reprocessing systems for

thorium to be used in the HTGR.
7. To successfully demonstrate the Light Water Self-Sustaining Reactor.

D Contributions to the Energy System If Success Is Achieved:

The program proposed will ensure that nuclear power plants are
available to meet their planned share of the requirements imposed by the
growth in demand over the next few decades. Nuclear reactors are now used
to generate 5% of the Nation's electrical power. This fraction is expected to

Dgrow to about 23% by] 980, 49% by 1990, and 60% by the year 2000.

The program is directed at ensuring that the technology and resources
are provided at the appropriate times to meet these scheduled increases in
the role of nuclear power. It is also directed at ensuring that current
apprehensions about the safety of nuclear power are met by definitive
research and development at an early time.

The HTGR and the light water self-sustaining reactor can more
efficiently and econornically utilize available uranium and thorium resources
and reduce the uranium supply and separative work requirements per unit of
power over plant life. This will make sizable contributions toward conserving
resources.
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Program Plan: o c

Theoretical and experimental investigations will be conducted to obtain
more complete information as to component failure and accident
probabilities for nuclear reactors. Practical experimental results will be
derived from the Loss of Fluid Test Facility (LOFT). The investigations will
yield additional data applicable to the design and engineering of safety
features and the establishment of regulatory standards. C

The design of an engineered waste storage facility will be completed and
construction begun early in the five-year period. Studies will continue on
disposal of long-lived radioactive wastes in geologic formations, and a pilot
facility in bedded salt will be constructed. Ancillary solidification processes
will be developed and tested. Development will continue, and pilot and
demonstration plants will be constructed to reduce or eliminate krypton, C
tritium, and transuranic components from reactor and reprocessing effluents.

The concept of the dry cooling tower to replace wet cooling will be the
subject of a joint government-industry technology demonstration in
Wyoming. Results and other studies are expected to lead to the construction
and operation of a larger scale test facility after 1980.

A significant effort will be directed towards enlarging the options for
siting of nuclear facilities.

The search for more efficient processes for uranium enrichment will
include development aimed at improving the gaseous diffusion process, the
demonstration of commercial feasibility of the gas centrifuge process, and
exploratory efforts to prove technical feasibility of isotope separation using
lasers. The Centrifuge Test Facility and ancillary facilities will be completed.

The base program for the High Temperature Gas Reactor (HTGR) will
continue development of components and the review of safety features. The C
completion of research and development for 2I 3 U-thorium utilization in the
HTGR will include the completion and operation of reprocessing and
refabricating pilot plants. Process demonstrations will open the path to using
large resources of thorium in addition to 2 U. •

An experimental core for a self-sustaining light water reactor using the C
2 3 3 U-thorium fuel cycle will be tested in the AEC's Shippingport facility.

Supporting Evidence:

The current problem is to ensure timely licensing for construction and C
operation of nuclear power plants. One of the most important near-term
objectives in this regard is to provide further assurance of the safety of the
water and gas-cooled reactors. A considerable expansion of the reactor safety
program needs to be undertaken to resolve questions raised. A related
question concerns the management of highly radioactive wastes. A final
solution to this problem is probably not necessary in the near-term period, C
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but study and evaluation of several potential waste-management methods
can result in the selection of the most promising interim and permanent
disposal techniques. There must be sufficient assurance given that the
present and proposed handling of these wastes is not only satisfactory for
the time being but also that the methods used will not place undue burdens
on future generations.

One of the principal problems will -be finding suitable locations for
nuclear power plants. About 50 sites have now been approved, and it is

becoming difficult in some cases to locate new sites that meet AEC site
criteria for safety, are available, and can supply water coolant needs. A
program on dry cooling towers is included that will increase site selection
possibilities by reducing the need for access to large amounts of cooling
water. The efficiency of the electrically generated power will be about 10%
lower when dry cooling towers are used, but success of this technical
innovation will overcome a difficult siting problem. Coupled with
development of efficient cryogenic transmission methods, use of dry cooling
towers will permit clustering of power reactors in parks in remote areas of
the country, where population density is low and land costs are less
significant.

A determined production program will be required to prevent shortages
of nuclear fuel over the period before the breeder is heavily relied on.
Additional uranium isotope separation capacity must be provided, with
construction begun in the next two years if the enriched-uranium
requirements of the 1980s are to be met. Planning now for improvements in
isotope separation will ensure an adequate and low-cost capability.

Budget:

Dollars in Millions

1975 1976 1977 1978 1979 Total

Reactor Safety, Reliability,
and Performance ............. 90.6 125.6 143.0 170.5 189.5 719.2

Uranium Enrichment ........... 64.2 54.8 57.4 58.4 59.4 294.2

High-Temperature Gas Reactor ... 40.0 44.7 24.2 26.9 28.0 163.8

Light-Water Self-Sustaining
Reactor .................... 21.4 17.7 9.8 9.8 9.8 68.5

TOTAL ..................... 216.2 242.8 234.4 265.6 286.7 1,245.7
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B. BREEDER REACTORS .......................... $2844.3M

Program Goal:

To guarantee the nuclear option by developing a safe, environmentally
acceptable, and economically successful breeder reactor that will draw upon
domestic resources to provide an alternative long-term energy supply.

Program Objectives: C

1. To develop the technology for and demonstrate the commercial
feasibility of the liquid metal fast breeder reactor (LMFBR).

2. To resolve the principal design and engineering problems of breeder
reactors.

3. To develop the technology and methodology necessary to resolve safety C
questions affecting breeder reactor design.

4. To develop the necessary technology, methods, and procedures for
handling and transporting plutonium.

5. To develop the technology for alternative breeder concepts including
the gas-cooled fast reactor (GCFR) and the molten-salt breeder reactor
(MSBR). C

6. To develop advanced technology that would result in improved
utilization of fissile resources.

Contributions to the Energy System If Success Is Achieved:

Liquid metal fast breeder reactors will begin to assume an important
role by the 1990s and will displace the light-water reactors as the principal
nuclear plant by the early part of the next century. The breeder will be a
more efficient electric generating plant thereby reducing thermal discharge to
the environment and making more than 50 times greater utilization of
uranium as a fuel source. By the year 2000, breeder reactors could be
providing more than 250,000 MW(e) to our electrical system which would be C
the equivalent of about 13 x 101 1 BTU thermal input. The gas-cooled fast
reactor, although significantly behind the LMFBR in the developmental
schedule, is a potential alternate to the LMFBR, and, if warranted,
commercial operations could begin in the early 1990s.

Program Plan: C

A comprehensive LMFBR technology effort is being conducted which
includes support of: (1) the Fast Flux Test Facility required to conduct
necessary fuels and materials testing programs and to demonstrate the
performance of components selected for LMFBR use, and (2) an LMFBR
demonstration plant program.

The LMFBR base program includes the continued development of fuels
and investigation of their behavior properties under different conditions and
with increased knowledge of the physics of breeder cores. Extensive work
will be accomplished on the development of new components and the
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analysis of the total reactor system incorporating selected designs. The base
program also includes support for the operation of the Experimental Breeder
Reactor and the Liquid Metal Engineering Center.

The engineering and safety aspects of the LMFBR program will include
the construction and operation of an LMFBR engineering facility and
advanced fuels laboratory, a steam generator test facility, a safety test
facility, and a transient safety test facility. Technology development for.
handling, transporting, and containing plutonium will continue toward
establishing the most desirable methods and procedures for adoption as
standards and to resolve public questions regarding safety.

The program for the GCFR would provide required technology on fuel
and reactor core development, physics, critical assembly tests, and safety
analyses. In the MSBR area a fairly low level of effort will be expended to
reevaluate the economics of this concept in light of recent information on
fuel costs.

Advanced technology research is planned to develop new breeder fuels
and materials that can increase the breeding ratios and power ratings and
decrease the conservatism presently required in breeder designs. Also,
neutron cross-section information needed for the design of fast and safe test
reactors will be developed.

Supporting Evidence:

Adequacy of the manpower resources to meet the research and
development program will have to be planned and programmed. There is
presently a surplus of technical personnel suited to the research and
development program. Beyond the first two years, additional trained
technical manpower will be needed in scientific and engineering disciplines.
These will have to come from the universities. The requirements are within
the peak supply capability of engineering schools. Availability of manpower
should be no problem if measures are taken to ensure vigor of the
educational programs during the intervening period.

The availability of fuel should not present any problems but will require
careful monitoring and management during the expansion of the first-
generation nonbreeding reactors and plutonium recycle employment.
Operation of breeders in the early years will require additional uranium
supplies, but, as newly bred fuel becomes available, the demands for uranium
will decline relative to continuation of a light-water reactor economy.

Capital costs of breeder reactors must be kept within a range that does
not greatly exceed current reactor capital costs so that the fuel cost savings
realized by breeders will be sufficient to permit total power generation costs
to be lower for breeders.
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Budget:

Dollars in Millions

1975 1976 1977 1978 1979 Total

Liquid Metal Fast Breeder ....... 477.0 538.6 510.8 524.2 506.0 2,556.6

Gas Cooled Fast Breeder ........ 17.0 23.0 29.0 33.0 38.0 140.0

Advanced Technology .......... 21.5 24.5 30.5 34.0 37.2 147.7

TOTAL ..................... 515.5 586.1 570.3 591.2 581.2 2,844.3

C

C

0'

C

C
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TASK 5-EXPLOIT RENEWABLE ENERGY SOURCES

A. FUSION ........................................... $1450M

Program Goal:

To guarantee the nuclear option in the long range by developing the
technology necessary for a fusion reactor to provide an inexhaustible,
economically competitive, inherently safe, and environmentally acceptable.
supply of energy for domestic consumption.

Program Objectives:

I. To conduct theoretical, computational, and experimental studies in the
body of knowledge that predicts the behavior of thermonuclear fusion
experiments and the operating characteristics of fusion reactors.

2. To develop the technology necessary to perform fusion research.
3. To investigate, develop, and establish the feasibility of low-density

closed (tokamak), high density closed (theta pinch), and open
(mirror) magnetic confinement systems as a basis for practical fusion
power generation.

4. To investigate, develop and establish the feasibility of laser fusion as a
basis for practical fusion power generation.

5. To develop the engineering base, qualify materials, develop components,
and conduct engineering studies necessary for the design, construction,
and operation of prototype, demonstration, and commercial fusion
power reactors.

Contributions to the Energy System If Success Is Achieved:

Fusion power systems are being developed primarily for electric power
generation. Since the fuel supply for fusion is effectively infinite and its
safety and enviromental features are very attractive, fusion power reactors
could eventually become the primary source of electric power for the United
States.

Because fusion power plants have the potential for high-temperature
Doperation, they would be attractive for combining with industrial and

municipal systems that could utilize the rejected heat. Examples of potential
applications are numerous: basic manufacturing processes, water
desalination, mineral and fossil fuel processing, space heating, and air
conditioning, to name a few.

The commercialization of fusion power reactors would occur at the time
of the successful operation of a fusion demonstration reactor. The goal of
the projected program is to begin operation of this system by 1995.

Fusion reactors could be producing commercial electric power in the
first decade of the next century and by 2020 could add 18 x 101 s BTU of
energy input to our electrical system.
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Program Plan:

The research subprogram will develop the, knowledge to predict the
performance of plasma-conf'iement experiments and the operating
characteristics of fusion power reactors. In order to support the theoretical
proving research, it will require extensive application of centralized
dedicated computer facilities with an integrated network of remote job
processing terminals. Theoretical studies of fusion-relevant plasmas in various
confinement configurations are necessary to understand the equilibrium, C
stability, and transport properities of the plasmas. Experimental work on
plasma production and heating, along with instrumentation development for
plasma measurements, are among the earliest projects.

The development subprogram will provide the technology to plan or C
conduct plasma experiments. The magnetics subprogram requires very large,
superconducting magnets to produce large volume, high magnetic fields to
confine and stabilize fusion plasmas. The heating program will emphasize the
development of neutral-beam injections for heating and/or fueling tokamak
and mirror plasmas. The advanced design activity provides for the definition
of conceptual designs and cost estimates for experiments prior to C
fabrication. Other development-activity objectives include energy storage
devices, direct energy conversion, and components to support the various
testing programs.

The present plan for plasma confinement systems development utilizes
three principal magnetic confinement concepts. These are low-density closed
systems (principally the tokamak), high-density closed systems (theta
pinch), and open systems (magnetic mirror). The construction and
operation of seven new facilities to test plasma shapes, neutral-beam heating,
scaling, and improved confinement will be undertaken.

The technology subprogram deals with the problems that need to be C
solved for prototype, demonstration, and commercial fusion power reactors.
Included are materials studies to determine the effect of 14-MeV neutrons
and other high-energy particles on material performance, radiation
environment simulation to create a simulated fusion reactor environment in
which materials and components can be tested, and system studies to
provide guidance. Other areas covered include major parts of the heat C
transfer system and the engineering base needed for the design and
construction of such subsystems. Examples are neutronics, plasma
engineering, coolants, blankets, shielding, tritium handling, and
instrumentation.

C
The laser fusion subprogram will build on the theoretical base

established in the military oriented laser fusion program. Projected
achievement sequence is: (1) an experimental demonstration of significant
thermonuclear bum; (2) the experimental demonstration of scientific
breakeven for the laser fusion concept; and (3) the conduct of some reactor
design studies throughout the program. 0 C
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Supporting Evidence:

Although controlled thermonuclear fusion has yet to be technically
demonstrated, recent program successes indicate high probabilities of success
in being able to initiate and sdstain fusion reactions. This factor warrants
emphasis in fusion research and development.

Based on previous experience with nuclear reactors, it is clear that a
savings of several years can be realized if reactor technology is developed
now, assuming technical feasibility of the fusion reaction.

Budget:

Dollars in Millions

1975 1976 1977 1978 1979 Total

Research .................... 43

Development ................. 20

Confinement ................. 59

Technology .................. 13

Laser Fusion ................ 10

TOTAL ..................... 145

52 47 70 44 256

26 37 46 55 184

113 122 153 194 641

39 55 69 83 259

20 25 25 30 110

250 286 363 406 1,450

B. SOLAR ENERGY ....... ..$200M

I

Program Goal:

To exploit the sun and wind in order to provide a renewable, econom-
ically competitive, and environmentally acceptable energy supply for domes-
tic consumption.

FY 75-79 Program Objectives:

1. To determine, through pilot applications, the effective use of solar
thermal energy for heating and cooling of buildings.

2. To effectively use solar thermal energy for electric power generation
through operation of a pilot plant [ 10 MW(e)l.

3. To effectively use wind power for electric power generation by
construction and operation of individual windmills [>100 kW(e)] and a
windmill farm 10 MW(e)].

4. To determine the technical feasibility of producing electric power from
ocean thermal gradients by laboratory-scale testing of prototypes and
full-scale testing of necessary components.

5. To determine the capability to produce economically competitive
photovoltaic cells by laboratory experimentation and development of
mass production concepts.DO
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6. To demonstrate, by pilot plant operation, the economic feasibility for
conversion of wastes to fuels and the use of biota as fuel for power plant
operation.

Contributions to the Energy System If Success Is Achieved:

Solar energy is virtually inexhaustible and is inherently clean. Successful
research and development should ultimately lead to the capability to reduce
the demand for fuels and power to heat and cool homes and commercial C
buildings by 30%.

Solar thermal, wind, ocean thermal gradients, and photovoltaic systems
used to produce electric power could be used in decentralized or centralized
applications depending on economies of scale. The potential exists for
providing a large proportion of the electric power needs for the Nation from
solar conversion stations without storage systems. However, the realization
of the economical storage systems will substantially increase overall
applications of solar energy.

Bioconversion is possible today,but it is not economically attractive.
Converting wastes to fuels needs to be demonstrated on a large scale, and the
use of biota as fuel is in the early study stages.

Program Plan:

The objective is to develop proof-of-concept experiments that will allow
program management to concentrate at an early date on those technologies
which show the most promise toward providing the Nation's energy @1
requirements. It should be possible at the end of the five-year program to
predict the complete range of the beneficial effects and the extent of
application and utilization of solar energy.

Solar heating and cooling of buildings is entering the pilot plant stage.
Applicability studies, design criteria development, and component testing
will be conducted on a much enlarged scale. Operating pilot systems will be
installed in single-family and multifamily dwellings, in agricultural buildings,
and in commercial/industrial buildings. This development could provide the
basis for an industry prepared to manufacture solar energy heating and
cooling systems in large quantities. C

Major emphasis in the solar thermal conversion area will be placed on
the research and technology developments of key subsystems for the optical
transmission/central receiver tower approach. Three system design efforts
will be conducted in parallel. Design, hardware procurement and integration,
and a testing program of a I 0-MW(e) pilot plant will be achieved.

A series of experimental wind generator systems in increasing size and
performance capability will be constructed and tested. The first unit of 100-
kW(e) size will be built in the first year. Four additional advanced units will
be developed and used in experimental operation in the following years.
Multiunit wind generator systems making up a wind "farm" up to 10 MW(e)
will be constructed late in the program period. C
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The ocean thermal energy conversion subprogram emphasis will be
placed on the design, production, and testing of system components. Key
elements that will require significant adaptation of existing technology
include the heat exchanger, the deep-water pipe, and the overall plant
structural design. A test facility is planned for construction.

The photovoltaic program will concentrate on the single-crystal silicon
approach with only a modest research and development effort on alternative
materials and concepts. Materials development and improved processes are
necessary to permit automated production of cells to accomplish major cost
reductions.

The construction and. operation of a small-scale pilot plant involving the
conversion of wastes into methane would lead to a 10 ton/day pilot plant
later in the period. Laboratory-scale studies of methods for converting
various organic materials to electric power, including research on biomass
production, would be prominent in the program plant.

Supporting Evidence:

With the primary exception of photovoltaics, the development of
practical systems will not require high technology. The research and
development costs for solar energy should be very small in relation to the
value of energy saved. Because solar energy systems are capital intensive and
practical systems have not been fully developed, Federal involvement in the
program is warranted.

Life-cycle costs for solar building heating and cooling look attractive, but
capital investment is high and deters market formation. Component cost and
reliability must be improved and has a high probability of success.

Solar thermal systems are currently projected to provide power at
approximately double the cost of alternative nonsolar methods. New design
concepts are being investigated for cost reduction purposes.

Wind energy systems can be built but must provide evidence of
economic viability and aesthetic acceptance. Ocean thermal gradients can be
exploited if appropriate thermodynamic cycle machinery can be engineered
to operate in a hostile environment. Bioconversion systems are possible
today, but many questions about degree of impact and economic viability
must be answered by proof-of-concept experiments.

There is no potential impact from solar energy heating and cooling
systems on the environment or safety. Problems associated with public and
institutional acceptability will require resolution in the near-term.
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Budget:

Dollars in Millions

1975 1976 1977 1978 1979 Total

ec
Heating and Cooling of Buildings.. 12.8

Solar Thermal ................ 5.0

13.6 10.7 6.5 6.4 50.0

Wind Energy ................. 6.2

Ocean Thermal ............... 1.9

Photovoltaic ................. 4.2

7.0 7.5 8.5 7.5 35.5

6.7 7.2 7.5 4.1 31.7

3.5 4.5 7.2 9.5 26.6

5.6 7.0 8.0 11.0 35.8

3.5 4.5 4.5 5.5 20.4

C

C
Bioconversion ................ 2.4

TOTAL ..................... 32.5 39.9 41.4 42.2 44.0 200.0

C

C. Geotherm al ................................. ....... $185M

Program Goal:

To exploit geothermal sources by developing and demonstrating the
technology that would allow commercial production of electrical power and
other energy uses in environmentally acceptable ways.

FY 75-79 Program Objectives:

1. To increase present knowledge of the location, nature, and extent of the
Nation's geothermal energy resources.

2. To identify and resolve the environmental, legal, and institutional
barriers to geothermal resource utilization.

3. To advance, through technology development, the operational efficacy
and efficiency of relevant components, devices, and techniques as
required to achieve practical geothermal resource utilization.

4. To accelerate, through demonstration plants, the commercial
production of electricity from geothermal resources.

Contributions to the Energy System If Success Is Achieved:

The five-year effort will greatly enhance the industrial capability to
locate and evaluate geothermal resources, to identify and solve the
environmental problems associated with geothermal developments, to clarify
institutional and legal issues involved in geothermal energy uilization, and to
upgrade the existing technology available for geothermal development and
utilization, including power generation and heat applications.
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The present program is designed to stimulate the commercial production
of at least 20,000 MW(e) by 1985 from various types of geothermal
resources (equivalent to an oil consumption rate of approximately 0.7
million barrels of oil per day) plus important additional fuel savings through
use of geothermal energy for such nonelectric purposes as space heating and
air conditioning, extracting minerals, and desalinating brines. The
corresponding goals for the years 2000 and 2020 are 80,000 MW(e) and
200,000 MW(e), which would save nearly 3 million and 6 million barrels of
oil per day, respectively. The equivalent heat values for 1985, 2000, and
2020 are 1.5, 6.0, and 15 x 10'5 BTU's.

Program Plan:

The five-year program is a coordinated effort toward meeting all
objectives for four types of geothermal resources and preparing for prompt
demonstration of energy production from two other types.

Each type of resource poses special problems in location and
distribution, reservoir analysis, environmental hazards, energy conversion
and utilization and in the severity of and solution time of technical questions
involved in bringing the resource to on-line production. Each experimental
facility will, therefore, be a flexible test bed for research and engineering
development as well as for demonstrations of electrical generation and the
other uses of geothermal heat. Throughout the program effective technology
transfer will be encouraged by cooperative arrangements with industry, and
special attention will be given to the institutional, legal, social, and
environmental issues bearing on utilization of that particular type of
resource.

Under this program plan, demonstration plants using four of the six
advanced resource types will be completed and operated jointly with
industry to obtain engineering and economic data. Two other resource types
would be demonstrated soon after.

Resource Type
Ih

I. High-temperature (> 180°C) convective
a. Low-salinity (20,000 ppm or less) .......
b. High-salinity (over 100,000 ppm) ........

2. Low-temperature (<1800C) convective .......
3. Geopressured sedimentary basins ............
4. Hot dry rock ........................
5. "Normal" geothermal gradients .............

Demonstration

.......... 1978

.......... 1979

.......... 1979

.......... 1979

.......... 1981

.......... 1983

Supporting Evidence:

One geothermal resource type is presently being used to produce power
in the U. S. - dry steam generating 400 MW(e) at The Geysers near Santa
Rosa, California. Six other types - brines at high temperature and low
salinity, high temperature and high salinity, low temperature and low
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salinity, and in geopressured reservoirs, plus dry hot rock at shallow depth
and in deep, normal-gradient formations - are potentially available for
economic energy recovery. The first of these is being utilized in several
foreign installations.

Major technical problems to be solved are concerned with the handling
of corrosion and toxic substances and the successful utilization of low-
temperature fluids. Practical binary cycles that use low-temperature working
fluids must also be developed.

Theory and engineering design are available to support further
development in the use of several resource types, and experimentation and
demonstration have begun for a few. What is required now is an effort to
attempt successful demonstration of the concepts.

Budget:

Dollars In Millions

1975 1976 1977 1978 1979 Total

eC

C

C

C
Resource Assessment and

Exploration ................. 9.7 10.5 10.0 10.0 9.0 49.2

Environmental, Legal. and
Institutional Research ......... 3.4 3.5 2.5 1.0 .5 10.9

Resource Utilization ........... 16.9 17.5 18.3 14.9 11.0 78.6

Advanced Research And Technology 10.0 9.5 10.0 9.8 7.0 46.3

TOTAL ..................... 40.0 41.0 40.8 35.7 27.5 185.0

C

a

C

C

C
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TASK 6-SUPPORTING PROGRAMS

A. ENVIRONMENTAL EFFECTS ......................... $650M

Program Goal:

To establish the capability to determine and control effectively the
environmental and health insults from the energy system through
development of a sound technical and scientific basis for ensuring protection
of the total ecosystem.

Program Objectives:

D 1. To determine the nature of pollutants and the quantity in which they
are produced and to devise means of identifying and measuring the
pollutants.

2. To determine the means by which pollutants are injected into the
environment, the means by which they are diffused, and the distribution
of pollutants at their final point to rest.

3. To determine the health, welfare, social, and ecological effects of
pollutants on man and on all aspects of his environment.

4. To develop standards and specifications that will lead to effective
protection of the environment.

Contribution to the Energy System If Success Is Achieved:

Implementation of the environmental research program described will
make a vital contribution to the national energy system in three critical areas:
(1) cost, (2) usability of domestic energy sources, and (3) timeliness in
implementing energy system initiatives.

With respect to costs, at least $90 billion will be spent by the energy
industries in the period 1971-1980 alone to meet established environmental
requirements for the limits set on air and water pollutants. This amount of
pollution control expenditure will add about 15% to the wholesale delivered
national cost of energy over the same time period. By providing the technical
and scientific environmental knowledge to be gained from this research and
development program, it will be possible to develop and demonstrate
environmental controls in conjunction with developing energy technology
rather than having to rely on the costly retrofit programs exemplified by the
current SOy control program, It is estimated that the environmental cost to
achieve the broad environmental objectives could in this manner be reduced
to less than 10% of the wholesale delivered national cost of fuel.

The technological development and implementation of coal-based
energy systems for near-term energy self-sufficiency must be sensitive to the
effects that residuals from the system will have on health, welfare, and the
ecological system. If this sensitivity is incorporated into the development
and implementation process, these domestic resources can be broadly
utilized in harmony with the environment. These effects act as a constraint
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on the technical requirements for control, the siting of the system, and the
value of the system as a producer of energy. Further, knowledge of the
effects of the system before it is implemented will avoid the enormous costs
associated with the need to retrofit controls on an operational system or to
cleanup the wastes once they have been discarded. The environmental
research program will provide the technical basis for understanding these
environmental consequences and for balancing the environmental and energy
system costs to the society in an equitable manner. c

While in theory the environmental research program does not add 1
BTU to the energy balance, in practice achievement of the energy supply
forecasts made by each technology panel are dependent on demonstrating to
a concerned and increasingly sophisticated public that environment impacts
are understood and controllable to an acceptable level. Recent history has
demonstrated the delays that can occur owing to the lack of a sound
understanding of energy-related environmental questions. Examples of these
delays which have affected energy supplies have been the Alaska pipeline arl
delays in nuclear licensing. Delays also affected implementation of
environment controls, as exemplified by litigations of utilities against
installation and operation of SOx flue-gas cleaning technology. The C
environmental research program would provide the basic understanding
necessary to evaluate and measure environmental impacts, determine their
effects, and develop and implement timely and minimum cost environmental
controls.

Successful implementation of this environmental research program will
affect all aspects of the energy program and could be the definitive
determinant of optimal energy source use and of the feasibility of specific
technology approaches. Disruption of the energy program can be prevented
by anticipating potential problems related to each technology and by
determining as rapidly as possible the effects on health, ecosystems, and
society. Perhaps the largest barrier to be faced is the need to convince
energy-related technologists and planners that this seemingly distractive. C
commitment must be made at the outset to prevent very major disruptions
in energy production.

c

Program Plan:

1. Pollutant Characterization, Measurement and Monitoring

The research programs in the FY 1975-1979 period will:
C

a. Develop and apply methods to determine the characteristics of
pollutants associated with existing and future energy systems and
technologies.

b. Improve precision and accuracy of ambient and source
measurement methods and procedures for controlling radiological
pollutants. C
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c. Develop continuous ambient and source measurement methods and
procedures for pollutants for which no standard has been
established (e.g., fine particulates, sulfate, nitrate).

d. Develop quality assurance procedures for environmental monitoring
and measuring activities.

e. Develop and demonstrate advanced monitoring techniques, i.e.,
remote and in situ sensors.

f. Develop and implement data acquisition, retrieval, and assessment
•r procedures permitting maximum Federal, regional, and local

application of monitoring information.
g. Develop more precise performance specifications for calibration of

instrumentation used to measure pollutant concentrations.

2. Environmental Transport Processes

Specific research activities in the FY 1975-1979 will determine:

a. Cooling-system plume behavior.
b. Atmospheric interactions in both dry and wet-scrubbed plumes

from fossil energy systems (especially respirable sulfate-particle
formation, S02 oxidation rate, interaction with urban pollutants,
and NOx behavior).

c. Dispersion of plumes in rough terrain.
d. Low-level dispersion pathways and ultimate fates of radionuclides

from nuclear plant releases, especially at low wind speeds and
including building wake effects.

e. Thermal and pollutant dispersion pathways and ultimate fates in
streams, lakes, and groundwaters.

f. Physical and chemical transformation of pollutants in streams and
lakes.

g. Thermal and pollutant diffusion in characteristic coastal waters.
h. Physical and chemical transformation of pollution in coastal waters.
i. Transfer mechanisms of atmospheric sulfur and nitrogen oxides to

V soils and economic crops.
j. Impact of moisture and heat release on local climate.
k. Model for precipitation scavenging of sulfur.
1. Dry deposition of atmospheric pollutants.

3. Effects: Health, Ecological, Welfare and Social

Specific health-effect research activities in the FY 1975-1979 time
period are:

a. Strengthening of scientific bases for existing primary ambient air
quality standards. Although these standards were formulated upon
the best available information at the time of their promulgation,
there is a pressing need to place these standards on as firm a
scientific basis as possible before they are implemented. Gaps in
knowledge are particularly evident with respect to nitrogen oxides.

b. Evaluation of health effects associated with exposures to air
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pollutants for which ambient air quality standards do not presently
exist. These include effects of fine particulates and suspended e c
sulfates, as well as known or suspected carcinogenic hydrocarbons.

c. Evaluation of health effects associated with exposures to trace
metals and persistent chemicals. Although these are in reality
multimedia problems, airborne exposures can be important. Current
strategies for long-term control of lead mobile source emissions and
for control of lead and cadmium stationary source emissions are
dependent upon availability of additional health effects C
information.

d. Evaluation of health consequences resulting from the impact of
fuels and fuel additives upon regulated as well as nonregulated
pollutants. Work includes safety assessment of catalysts to be used
in emission control systems for automobiles as well as protocol c
development for safety assurance testing.

e. Definition of effects of simultaneous exposure to a number of air
pollutants. This includes assessment of nonpulmonary effects due
to air pollution, such as decreased resistance to infection, and
impact upon health of future generations via teratogenic or
mutagenic effects.

f. Investigation of long-term low-level effects of fossil fuel and
radioactive pollutants. This will include studies of genetic and late
somatic effects and is of particular importance because such effects
will ultimately aid in the determination of the safe levels for
pollutants in the air, water, land, foods, etc.

g. Development of means of combating adverse effects of pollutants
on exposed humans. Such efforts are needed to decrease harmful
effects in cases of acute, intermittent, and long-term low-level
exposures.

I. Provision of information on health effects essential to
cost-benefit-risk decisions in the choice of energy systems when
diverse, competing technologies exist. C

Specific ecological effects research in the FY 1975-1979 time period
will:

a. Assess the environmental effects and impacts of coal, oil, oil-shale, C
uranium, and geothermal extraction techniques and predict
ecosystem effects, permitting enhancement of benefit-cost-risk
ratios by suitable land management policy.

b. Determine the environmental effects of radionuclide, hydrocarbon,
and other fuel transport, storage, or waste releases during energy
conversion and waste disposal. This will include determining the C
accumulation ratios and transfer rates of secondary pollutant
dispersal through the food chains and other pathways and
determining strategies for concentration and/or decontamination in
order to minimize residual long-term ecosystem effects, including
those impinging on man.

c. Determine pollutant pathways and toxicities so as to guide routine -
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and nonroutine releases from energy conversion and reprocessing
plants. Both geochemical and ecosystem studies will be conducted
to provide guidelines and criteria for siting of process facilities and
disposal areas for both liquid and solid wastes generated by both
nuclear and nonnuclear plants.

d. Determine the ecosystem costs of thermal shocks from power plant
waste-heat release, of entrainment and impingement in the cooling
systems, and of cooling tower blow-down as well as the impact of
anti-fouling additives. Additionally, the ecosystem impacts and
synergistic effects of effluents, such as radioactive materials, trace
metals, noxious gases, organic compounds and other substances
produced during energy generation, will be evaluated, and
management strategies will be instituted for minimizing these
impacts.

e. Develop biological indices (species, diversity, fecundity, natality,
mortality, etc.) for ecosystem impact evaluation. A systems
approach encompassing laboratory, greenhouse, microcosm, and
large-scale field experimentation will be used to address the
problem. This systems approach requires a model that is structured
in such a way that those subsystems most affected by pollution can
be sensed. A more detailed analysis of these components will then
be made with a view to assessing the site, time, and mechanism of
potential pollution effects so as to guide siting to the least
environmental damaging places.

f. Conduct large-scale ecosystem studies on dedicated,
controlled-access parcels of land and water, such as environmental
research parks, and through the biome studies developed under the
International Biological Program.

g. Produce a number of relatively simple, reliable estimators of
ecological impact and estimate the extent and duration of observed
effects using the above capabilities and data base.

Social and welfare effects research in the FY 1975-1979 time period will
address:

a. The assessment of material deterioration problems in the field at
present.

b. The factors affecting erosion of stone-characterization and
parametric evaluation.

c. The study of pigment degradation in artistic and other works.
d. The assessment of construction metals and their uses in

construction, art, and transportation.
e. Development of a reasonable standard protocol for societal

assessment techniques to be used by different energy research and
development groups (opinion surveys, handbooks, etc.).

f. Development of and testing of models of value changes in impact
assessments. Compare results of system analyses used by all groups.

g. Implementation and dissemination of results (in lay terms) to
Government policy-making bodies, etc.

I

D 0 0
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4. Environmental Assessment and Policy Formulation

Priority research in the FY 1975-1979 time period will:

a. Determine the ability of existing and proposed institutional
structures for energy decision making to accurately represent the
environmental concerns of all segments of the population.

b. Develop methodologies for intercomparing the environmental risks C
and benefits of highly disparate energy systems.

c. Lead to improved quantification of both environmental costs and
benefits to society and development of techniques by which the
cost of pollution control can be more effectively internalized.

d. Develop methodologies for synthesizing information produced by
the environmental research programs.

e. Analyze alternative implementation techniques for reducing
environmental impact (e.g., environmental impact statements,
environmental standards, economic incentives).

Supporting Evidence: C

It is clear that a sound base of scientific capability exists for this work.
No major difficulties with scientific feasibility are foreseen in achieving the
goals. Few engineering problems are anticipated, but close cooperation
between biologists, environmental scientists, and technology development
engineers will be required to minimize environmental impacts of present and
new technologies. The major potential barriers are: (1) inadequate
communication between the environmental scientists and the energy
technology developers and (2) lack of established policy for the timely
incorporation of environmental impact data into the developmenrtand
implementation of energy systems and associated technology.

C

Budget:

Dollars In Millions •

1975 1976 1977 1978 1979 Total C

Pollutant Characterization,
Measurement and Monitoring ... 13.3 18.5 21.1 21.4 22.0 96.3

Transport of Pollutants ......... 20.5 24.0 23.0 23.0 19.5 110.0
C

Effects Research .............. 69.1 76.4 78.4 95.0 94.8 413.7

Environmental Assessment and
Policy Formulation ........... 3.0 3.0 6.0 8.0 10.0 30.0

TOTAL ..................... 105.9 121.9 128.5 147.4 146.3 650.0
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B. BASIC RESEARCH ....... ........................... $300M

Program Goal:

To explore basic phenomena, processes, and techniques in those
physical, chemical, biological, environmental, and social sciences areas
bearing on energy and to ensure the development of new basic knowledge in
these areas.

Program Objectives:

1. Materials

a. To understand the effects of high-temperature environments and
thermal shock on material strength, microstructural changes of
surface, and bulk properties. To provide the understanding needed
to synthesize new materials suitable for energy applications under
these environments.

b. To understand radiation effects, void formation, sputtering,
ion-penetration effects of individual ions from nuclear reactions,
and embrittlement by hydrogen and radiation.

c. To better understand superconductivity, electronic conduction at
high temperatures, insulator breakdown, electrolyte behavior, and
ion conductance phenomena relevant to energy production and
utilization.

d. To understand the corrosion processes related to energy systems,
including stress and sulfur corrosion, grain boundary penetration,
and liquid-metal compatibility.

e. To understand photovoltaic properties, effects of impurities, and
new semiconductors.

f. To understand the properties of ceramic materials including
strength and resilience.

2. Chemical, Physical, Engineering Sciences

a. To enlarge our understanding of hydrogen production by
thermochemical, photochemical, and biochemical processes from
nonfossil sources including water. To expand our understanding of
hydrogen storage systems, principally as hydrides.

b. To understand catalysis and how surfaces catalytically alter reaction
mechanisms sufficiently to be able to design and identify new
catalysts and catalytic techniques, to identify and understand the
role of reactive intermediates, to understand the structure of
enzymes and how they effect catalytic alteration of reactions,
including immobilization.

c. To understand kinetic and heat-transfer processes which affect
combustion efficiencies and other energy processes.

d. To provide needed thermodynamic data on low-temperature
liquids, high-temperature gases, liquid-metal alloys, hydrogen-D * 0
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producing reactants, and intermediates, and to enlarge under-
standing of theory of solutions and complex reaction equilibrium. Ce

e. To understand turbulent mixing in the atmosphere and ocean, in
polymer solutions, and in two-and-three-phase flow. To be able to
effect more efficient reactions by understanding and applying the
principles of turbulent mixing fronts and flows in porous media.

f. To understand the chemical and physical interactions involved in
separation processes. To understand laser stimulated interactions as
applicable in isotope separation.

g. To provide needed nuclear properties for new fuels and other
nuclear materials. To better understand interactions in molecular,
atomic, and nuclear physics, including low- and high-energy
interactions.

h. To improve understanding of electrochemical processes including
oxygen reduction mechanisms in aqueous solutions, ion mobilities
in solid electrolytes, electrode potentials, overpotential foaming,
and current density limits.

i. To be able to measure pollutants and/or trace elements in the ppm
and ppb ranges, measure transport and thermodynamic properties,
and to measure particle-size distributions in submicron range.

3. Biological

a. To understand the bioconversion of animal and plant wastes to
usable fuels including the photosynthetic process and the fixation
of nitrogen.

b. To understand detoxification of energy-related wastes and the
biological effects of toxic substances.

c. To understand the aspects of hydrology, oceanography,
climatology, and meteorology which are most affected by energy
systems, including dynamics affecting transport and disposal of C
thermal and material loads at local, regional, and global levels.

d. To understand the ecosystem, particularly the interactions resulting
from energy production and utilization.

e. To enlarge understanding of geochemistry and environmental
geology, including faulting, rupture, slope stability, seismology, and
rock and soil mechanics. C

4. Plasmas

a. To understand the behavior of plasmas, the factors that affect their
interactions with electromagnetic fields and radiation, and direct C
energy conversion systems.

b. To encourage thinking about very large energy supplies such as
orbital solar stations, colliding-beam fusion reactions, kinetic energy
of ocean currents, rotational energy of spin and orbital motion of
the earth, and nuclear energy storage concepts.
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5. Mathematical and Social

a. To develop mathematical and computer techniques for handling
large and complex technical and socioeconomic energy models. To
further develop mathematical approaches to energy problems.

b. To understand social and psychological responses, including
motivational studies and national attitude analyses, as related to
changing energy situations. To better understand the energy needs
for population support.

c. To develop techniques needed to understand the effects of national
regulatory policy and international relations on the dynamics of
energy research and development.

Contributions to the Energy System If Success Is Achieved:

The overall benefits of research are to ensure development of efficient
energy concepts, including the identification of new means for meeting
energy requirements, and to provide the base of knowledge that will
facilitate solutions to currently unanticipated problems, thus reducing
national costs of energy utilization. The recommended research is aimed
mainly towards obtaining knowledge that will ultimately lead to greater
social and economic benefits from energy utilization and that will lead to a
lessened impact on our energy resource base and on our environmental and
ecological systems.

Specifically, research on materials should narrow the gaps in the
fundamental understanding needed to improve, control, and predict the
properties of materials utilized in the exceptionally hostile environments of
energy processes. Superconducting materials research is expected to make
very long distance transmission of electricity possible, providing savings in
transportation costs and flexibility in siting of power plants. Research in
chemical, physical, and engineering science areas should lead to more
efficient and environmentally acceptable utilization of our resources. Such
research could lead, for example, to economical production of hydrogen
from water or renewable nonfossil sources. Advances in catalysis, a field ripe
for exploitation, could significantly affect the economics of such conversion
processes as coal liquefaction and gasification. Basic biological research will
increase our knowledge of biochemical generation of fuels from organic
materials and the biological and environmental effects of toxic effluents.
Plasma research supports conversion techniques, such as MHD, fusion, gas
lasers and thermionic devices. Contributions from discoveries of entirely new
concepts could be revolutionary in nature and could alter the entire
approach to energy production and utilization. Basic work in the
mathematical and social sciences leads to improvements in many fields,
especially in the socioeconomic area where better understanding could result
in a more stable and responsive technical, socioeconomic, and political
system.

U

D

D
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Program Plan:

Part of the multidirectional research program is designed to find answers
to questions now visible. Another part is intended as insurance against
unknown future barriers to development progress. A very small part of the
multidirectional research effort is to encourage creativity and imagination
along lines not yet chartable in the long-term concerns for renewable energy.

The greatest value is realized from research when fruition precedes the
demand for implementation. For example, research on fusion reactor
materials problems is not expected to impact in the same time frame as
research on catalysis for coal conversion processes. However, because of the
lead time required to provide the understanding to resolve the materials
problems of the fusion reactor, it is imperative that materials and catalysis
research be accelerated as soon as possible. Every effort is expected to plan
the research so as. to anticipate the needs of future energy developments
while at the same time providing the fundamental support needed for
currently developing programs. The most promising proposals fo. research
that address the specific objectives cited above will be supported as necessary
to expand basic understanding.

Since research frequently suggests quite new lines of development, not
contemplated when the program was first defined, flexibility must be
assured to most effectively capitalize on new advances.

Budget:

Dollars in Millions

1975 1976 1977 1978 1979 Total

C

C

C

q
Materials .................... 8

Chemical, Physical, Engineering .. 16

Biological ................... 12

Plasmas ..................... 3

Mathematical ................. 4

TOTAL ..................... 43

11 12 12 12 55

22 24 24 24 110

15 17 18 18 80

4 5 4 4 20

6 8 9 8 35

58 66 67 66 300

C

C

C. MANPOWER DEVELOPMENT ......................... $50M C

Program Goal:

To support the energy research and development program by ensuring
that technical and managerial manpower skills are available in quantity and
quality sufficient to meet the needs of the program.
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FY 75-79 Program Objectives:

1. To enlarge educational faculty capabilities to educate and train technical
manpower in the skills required to conduct energy research and
development.

2. To enhance the effectiveness of managerial personnel in Governmentý
and industry in planning and executing programs in energy research and

Ddevelopment.
3. To enlarge the base of manpower skilled in energy and energy-related

research and development by supporting student participation in energy
and energy-related studies and training activities. -

4. To enlarge manpower training capabilities, in energy research and
development organizations to retrain and, redirect technical manpower

Dat all levels.

Contributions to the Energy System If Success Is Achieved:

A five-year $10 billion Federal program in energy research and
development represents at least 50% increase over previous projections.

D Manpower requirements will be increased similarly. At an average rate of $2
billion per year and an average cost per technical man-year of $50,000, the
energy research and development program would employ 40,000 scientists,
engineers, and technicians. Currently, only half that number are employed in
federally supported energy research and development. While the potential
for redistribution of technical manpower is high,, reorientation or retraining
is still necessary to a significant degree, and major growth in the longer term
must come from the students now in universities.

The proposed funding level for manpower development would support a
program that would reach over 2000 people annually, many of them faculty
and managers responsible for education and training of the future manpower

D pool.

In recent years, Government support for such a program has diminished;
this is reflected in a lack of Government direction in the development of

* manpower to meet national needs.

Program Plan:

To lay the proper foundation for a program of education and training
directed to the development of a manpower base for energy research and
development, initial emphasis must be on reorienting the faculty and
managers responsible for such training. FY 75 funding would be used
primarily for conducting or supporting institutes, special courses, workshops,
conference, and off-campus appointments for university faculty currently
teaching courses in science or technology or conducting research in science
and engineering fields.

Program funding will support students or postgraduates who are
pursuing studies in science and engineering. Traineeships, scholarships,
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research stipends, and post-doctoral fellowships would be granted that would
permit them to pursue studies and research in energy and energy-related
subjects.

Finally, a moderate program of special courses, workshops, and
conferences for managers would orient managers to the particular problems
they will face in augmenting the technical manpower forces under their
control. C

Once a foundation has been laid by establishing a base of educators that
would produce the needed manpower, emphasis can be shifted to the
student or trainee, and more direct benefits should be forthcoming.

A cooperative program with national laboratories and contractors would
lead to the retraining and reorientation of technical workers whose skills
were inappropriate to specific needs. Government funding would support c
external educational assistance, manpower increases needed to conduct
training programs, and stipends necessary to support trainees while
undergoing training.

Supporting Evidence:

Research and student education conducted in U.S. universities is largely
dependent on the source of support funds received and the stipulations
attached to those funds. Programs offered and course structures are also
dictated by the perceived need for graduates in particular disciplines. The
need for a greatly enlarged effort in energy research and development has
not been widely perceived, and Government funding for energy research and
development has been somewhat stable. What is even more significant is the
relatively new perception that coal would play a major role in energy supply
for the remainder of this century.

It can be expected that this need for scientists and engineers capable of
working on all aspects of the energy problem will be reflected in future
support to U.S. universities, but a lead time is inherent to this shift in C
emphasis. Therefore, it is imperative that the Federal Government initiate
such a program to reduce that lead time to the minimum practical.

Budget:
4

Dollars in Millions

1975 1976 1977 1978 1979 Total

Faculty Orientation ............ 1.5 2.4 3.0 3.0 3.0 12.9

Managerial Training
and Orientation .............. 0.5 0.6 0.5 0.5 0.4 2.5

Student & Postgraduate
Support .................... 1.5 2.5 4.5 5.0 5.5 19.0

Industry/Laboratory
Manpower Dev. Program ....... 1.5 3.5 4.5 3.8 2.3 15.6

TOTAL ..................... 5.0 9.0 12.5 12.3 11.2 50.0
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Appendix B

MAJOR RESEARCH AND DEVELOPMENT STRATEGY OPTIONS

Ten strategy options are available to policy makers whose goals are
self-sufficiency, environmental improvement, and low energy cost. These are
listed in Table B-I.

The first option (Class I) seeks balanced attainment of all three goals.
Emphasis on the environmental goal (Class II) requires that the major effort
go to obtaining and maintaining a clean environment. The options differ
within that priority according to whether the secondary emphasis is placed
on security, prosperity, or a balanced effort to achieve both. Classes IUl and
IV place first priority on attaining security and prosperity, respectively, with

Table B-i.-POSSIBLE RESEARCH AND DEVELOPMENT

STRATEGIES (RELATIVE PRIORITIES AMONG GOALS)

I. Balanced Attainment of All Three Goals

II. A. Environment-Security-Prosperity

B. Environment-Prosperity-Security
C. Environment-Balanced Security/Prosperity

P

Ill. A.

B.
C.

Security-Prosperity-Environment

Security-Environment-Prosperity

Security-Balanced Environment/Prosperity

IV. A. Prosperity-Security-Environment

B. Prosperity-Environment-Security

C. Prosperity-Balanced Environment/Security00
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corresponding follow-up choices among the remaining goals. Implications of
the four major strategies are discussed in the following sections.

Analysis of Research and Development Strategy Options

Class I. Balanced Attainment of Environment/Security/Prosperity. This
approach holds that the Nation is in reasonably good shape as regards each
goal and that there are no clear preferences for priorities among the three. A C
research and development program would be structured to make gradual
progress toward each goal. This progress would be uneven, to be sure, as
different technologies became economically viable at different rates, but the
overall trend would be one of steady improvement in all three areas. If a big
breakthrough occurred in one area,, research and development funds would
be shifted out of that area into the other two. If one area failed to show C
reasonable progress, it would draw research and development money from
the other two until it began to show more movement. The "something-for
everybody" character of this option makes it attractive. The difficulty is that
it postpones attainment of any one goal until all of them can be attained.

Class 1I. Environment First. The Class II options proceed from a C
judgment that economic prosperity and security are adequate for the
moment and that a clean environment should be the first priority. Research
and development would focus on identifying and removing undesired
environmental effects of energy technologies. Ways to use resources cleanly
even at higher prices for energy would be a major research and development
effort. Environmental quality would be the determining factor when
considering the introduction of new processes or the advisability of
increasing imports.

Among options IIA, IIB, and IIC, proponents would differ with respect
to what should be done once satisfactory progress had been made toward a
clean environment. Some would seek security or self-sufficiency next; others C
would concentrate on lowering costs; and still others would pursue both on a
balanced basis, thereby postponing the time of attainment of both.

Class Il. Security First. This approach holds that the Nation is too
vulnerable to the interruption of crucial energy supplies and that its first task
is to regain energy self-sufficiency. The energy research and development C
program would focus on finding domestic substitutes for imports. As set out
in Chapter 5, option JIB is the recommended strategy.

The options within this class differ with respect to the priority between
the follow-on objectives, with corresponding implications for the
establishment of a specific research and development program. C

Class IV. Prosperity First. This set of options completes the list of
choices. It would place the major research and development emphasis on
achieving low energy costs. Individual options in the class again differ with
respect to the priority assigned the two follow-on objectives, clean
environment and security. C
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CRITERIA FOR FUNDING FEDERAL PROGRAMS

The criteria discussed below are listed and rated in Table B-2. In every
case, an individual subprogram can be rated "high," "medium," or "low" for
each criterion. The differences among these ratings provide guidance for
relative funding priorities.

Research and Development Phase

Adequacy of Scientific Base. This is the state of chemical, physical,
geologic, and other knowledge about the physical properties and location of
various fuel sources. Identification of areas of limited knowledge may

D suggest important possibilities for developing from basic research the means
to increase supply or enhance the efficiency of energy production and use.
Prospects for advances depend upon the availability of researchers and the
active interest of university centers and industry.

Probability of Future Technological Success. Basic research must be
translated into proof-of-concept experiments and pilot and demonstration
plants, or their equivalent in other programs. This process sometimes exposes
gaps in basic knowledge; lack of component hardware may cause substantial
delays. Reasonable assessment of technological feasibility must examine such
potential difficulties in an attempt to estimate the "elasticity" of the
research and development results to investment-how much positive effect
greater funding would have in terms of earlier success or higher probability
of success.

Feasible Absorbable Investment. This means the amount of money that
can be profitably expended on the project's prospective rate of return. While
it is always possible to spend more money, the law of diminishing returns
inevitably applies.

Public and Government Consensus That Project Is Acceptable. Primarily
from the point of view of environmental integrity, but also from the points
of view of health, safety, and security, any new program or increased
funding for a program must be measured against public acceptability in the
research and development phase and in later stages of production. Although
these considerations may be important only in later phases, they should be
recognized early in the planning and research and development stage.

Implementation and Production Phase

Production Capability. Can the technology be implemented by the
private sector at a profit? This! depends on the price of the product relative
to its cost. Significant new programs may require massive capital investment
by industry and/or Government. Numerous supporting industries will be
required for construction, operation, and maintenance of such plants.
Availability of capital and of labor must be evaluated on a regional basis with
efforts made to minimize possible labor shortages and other dislocations.
The ongoing production costs as well as the research and development
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investment must be estimated to establish the economically viable sale price
of the product. To the extent that particular fuels can substitute for each e c
other, their relative costs will influence project viability. The specific
constraints are listed individually in Table B-2.

Environmental. Emission-control standards have greatly influenced the
choice of fuels for power plants and vehicles. Such standards result from
policy decisions based on data regarding hazards. Assessment of hazards C
should be included in program proposals to ensure balanced decisions.
Environmental ill effects must be attributed a meaningful and substantial
"cost" in that assessment. Clearly, fuel sources that disrupt the environment
relatively less in the stages from mining to burning or disposal, or whose
health hazards are relatively less, should be favored. Secondary and higher
order undersirable effects, such as the problem of the water supplies required
for coal and shale conversion plants, must be anticipated and cost-accounted
as well.

Payoff Phase

Timing of Payoff. One of the goals of the energy program is to increase
supplies as soon as possible. Accordingly, an assessment of the ability of the C
research and development program to achieve economic production
capability earlier as a result of greater funding is important in determining
the level and timing of funding. Estimates of the period of economic use of
exhaustible fuel sources should include not only the estimated beginning of
useful production but also forecasts of their lifetimes.

Economics of Payoff. If the probability of a program's success, the
expected time of payoff, and the costs of creating the product are known,
estimates can be made of the product's price and of the demand for it at
varied prices. If the price of a new energy-generating system will be higher
than the anticipated market price for substitutable products, it will not be
economically viable. C

4

Other Considerations

Security. It may be necessary to subsidize production from otherwise
uneconomic sources to minimize dependence on foreign oil sources. For
example, coal liquefaction and shale retorting may require special support in C
the form of subsidies or price guarantees to ensure their contribution to total
supply as replacements for imported oil.

Political. Deviations from decisions based solely on economic
considerations may be required. Decision makers may wish to maintain
employment in various parts of the country so that capital investment is c
distributed throughout the country and among industries or to protect
population centers and wilderness areas from unseemly exploration and
mining.

Regional Aspects. Certain energy research and development programs
may have limited payoff on a national basis, but sufficient local or regional C
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payoff to be justified. Solar energy for space heating in the South and
Southwest and geothermal sources in the West appear promising even though
total energy production in BTU's is relatively small compared to national
needs.

Environmental. Many environmental constraints can be included in the
costs of energy production. Some environmental effects, however, are not
readily corrected by investments of dollars and effort. These are considered
under this category.

Determination of Relative Priorities-An Illustration

The considerations used to set priorities among candidate energy
research and development programs are displayed in Table B-2. Ratings

D based on evaluations contained in the subpanel report in this area compared
to subpanel reports regarding other programs have been assigned. The matrix
shown is a systematic way to record estimates and arrange them in a manner
that facilitates comparisons. The comparisons are the basis for ranking the
programs. The energy research and development programs are ranked
illustratively on the basis of the criteria indicated. Each program has been
assigned a numerical value for each criterion: 3, 2, or 1, on the basis. of high,
medium, or low desirability, respectively. The reader may choose to
substitute other criteria and weights. For example, projects judged to have
the highest potential for Savings or Enhancement in Petroleum have been
given a 3. Projects offering lower but still substantial potential savings have
been given a 2, and those with the lowest potential are assigned a 1 in that
column. Those with near-term timing receive a 3, mid-term a 2, and
long-term a 1. Illustrative program rankings (totals) are given at the right.

The unweighted total score gives equal importance to each of the
criteria. Since certain criteria are more important than others, another
criteria weighting scheme was devised. The single criterion deemed most
important in each of the three phases (I. Research and Development, II.
Implementation and Production, and III. Payoff) was given a weight of 3,
the criterion deemed second most important was given a weight of 2, and all
other criteria were weighted 1. Other weights could be substituted. In this
case, a value of 3 in a criterion weighted 3 generates a contribution of 9 to
the total score, a value of 2 in a criterion weighted I generates a total score
contribution of 2, etc. The total weighted rating for each program summed
over all criteria is also shown in Table B-2.

Other schemes could be applied in a similar manner. For example,
another approach would be based on multiplicative rather than additive
weights, totaling the indicators in each of the three successive phases. This
method would tend to favor more strongly those programs having good
prospects in each phase, at the expense of those having the same additive but
less even prospects. The particular scheme used does not seem to make too
much difference. Projects having more-immediate payoffs are generally
ranked higher than longer term payoff projects, no matter what scheme is
used.
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Table B-2.-CRITERIA FOR FEDERAL PROGRAM PRIORITIES
(Weiglhts 3 High, 2 Medum, I Low Spehlng fPtonw)ty c

I R&D Phe. II Im nmannla 9oaucIon

CRITERIA

59 p' ~ 4 0

GRAM k? I ~ /
AO A /7 rt/.& 7

2X 3X 2X

s3ment 3 3 1 3 3 3 3 2 3 3

d Shale 3 3 2 2 3 3 1 2 3 2

Ing a 3 2 2 3 3 1 3 3 2

d Minng 3 3 2 2 3 3 2 2 3 2

inmg and Reclamation 2 3 2 2 2 3 1 2 3 2

eI Transportation

I, and Storage 1 3 I 3 2 2 2 1 3 3

Processing and
n 3 3 3 3 2 3 3 3 3 3

bustion of Coal 3 3 3 3 3 3 3 3 3 3

IIIne Gas 3 3 3 3 2 2 3 2 3 3

fction 2 3 3 2 2 3 2 3 3 3 C
iD for Coal 3 2 2 3 2 2 3 3 3 2

ontrol Technology Coal 3 2 3 3 3 3 3 2 3 2

.hniques 2 3 3 3 2 2 3 2 3 3

;as 3 3 3 3 2 2 3 2 3 3

Gas Turbines 2 3 3 3 3 2 3 2 3 3

drodynamrics 1 2 2 3 2 2 3 3 3 3

Cells. Use of Waste Hest) 2 2 1 3 2 3 3 2 2 3

3 3 2 3 3 3 2 1 2 3

1 2 2 3 2 1 2 2 3

1 2 1 3 1 1 3 3 3 3

wiing and Cooling 3 3 1 3 2 2 3 3 3 3

trahzed) 1 2 2 3 1 1 3 3 3 3

1 1 2 3 2 1 3 3 3 2
1 I 2 3 2 1 3 3 3 2

1 2 2 3 2 1 3 3 3 2

3 3 3 3 3 3 2 2 3 2 C
3 3 3 3 3 3 2 2 3 2

3 3 3 2 3 2 2 2 3 2

sportation Systems 2 1 2 3 2 3 3 2 3 3

and Truck 1 1 2 3 2 3 3 2 3 3

3 1 1 3 1 3 3 2 3 3

2 2 2 3 2 3 3 2 3 3

3 2 2 3 3 3 2 1 3 2

:nd Use Sector1 3 3 2 3 33 3 3 3 C

dRas
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11 111 P.Voffphm IV. N~oo•Cmea~

ii impien,.noa.en., odudan Miase Iii 255*f I Pita.. iv. Naneaa.eei.C COiaC.fatdIt

CRITERIA a

'40 PROGRAM~. AREA
t 40'

2X 3x Weighting

3 2 3 3 3 41 68 1 Resource Assessment

2 3 3 3 3 38 64 3 Mining Coal and Shale
1 3 3 3 3 Surface Mining
2 3 3 3 3 Underground Mining
2 3 3 3 3 Oil Shale Mining and Reclamation

Energy and Fuel Transportation,
2 3 3 2 2 33 64 2 Oistribution, and Storage

Coal and Shale Processing and
2 2 3 3 3 42 67 3 Combustion
2 2 3 3 3 Clean Combustion of Coal
2 3 3 3 3 Coal to Pipeline Gas
2 1 3 3 2 Coal Liquefaction
2 1 3 3 3 Support R&D for Coal
1 1 3 3 3 Pollution-Control Technology Coal

1 2 3 2 2 36 57 1 Conversion Techniques
2 2 3 2 2 Low BTU Gas
1 2 3 2 2 High Ternp Gas Turbines
1 2 3 2 2 Magnetohydrodynamics
2 2 2 2 1 Other (Fuel Cells, Use of Waste Heat)

3. 3 3 3 3 40 67 3 Oiland Gas

2 2 1 1 2 28 45 1 Geothermal

1 I 2 I 1 27 40 I Solar
1 I 2 2 1 Building Heating and Cooling
1 1 2 1 1 Other (Centralized)

I 1 3 2 1 29 43 2 Fusion
1 1 3 2 1 Confinement
1 1 3 2 1 Laser

2 3 3 2 2 39 63 3 Fission
2 2 3 2 2 LMFBR
2 3 3 2 1 Other

1 2 3 3 2 35 54 2 Advanced Transportation Systems
2 3 3 3 2 Automobile and Truck
2 2 3 3 2 Air
1 1 3 3 2 Rail and Bus
1 1 3 3 2 Ship (Nuclear)

3 2 3 3 3 43 70 3 Conservation (End Use Sector)

Environment

Multidirectional Res
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Given the array of potential research and development programs, the
mix of programs that can be recommended does not vary too much even
when strikingly different strategies are adopted. The criteria can be given
extremely high or low weights for environmental acceptability, for example,
or for price without drastically altering the ranking of programs. On the
other hand, the approach of seeking information to quantify these
parameters may become more useful as progress is made on several major
programs. Then the projections of costs and technological capacity to
overcome environmental constraints can be better evaluated and compared
among subprograms.

Illustrative Use of the Criteria Matrix

Rating a Single Program. The basis for rating one program area, Energy
and Fuel Transportation, Distribution, and Storage, is described below to C
illustrate the potential use of the criteria matrix. Subprograms in
transmission include demonstration high-voltage a-c and d-c electricity
transmission projects, both above ground and below ground, and the use of
superconducting underground cables. Storage subprograms include
development of sodium-lithium batteries, superconducting magnets, and a
flywheel facility. Transportation subprograms include work on surface and
underwater arctic ships.

Research and Development Phase. Because much proof-of-concept
laboratory work will be required in these programs, Adequacy of the
Scientific Base was given a rating of 1. Probability of Future Technological
Success received a 3, a high rating. Feasible Absorbable Investment, given the
laboratory stage of many subprograms, was considered relatively low and
assigned a 1. The projects would improve efficiency and might improve the
environment (through underground transmission and submarine tankers
having lower spill potential), resulting in a high Acceptability rating of 3.

Implementation and Production Phase. The projects in this area fall in C
the middle range of the Price/Cost of Production rankings, resulting in a
rating of 2. These projects received a Cost of Substitutes ranking of 2
because most of the prospective benefits could be achieved by burning more
coal. The necessary Government Role received a 1 rating owing to the
short-term payoff of the subject projects and the existence of many industry
programs in these areas. Resource Reserves to meet the need to transmit C
electricity continuously are excellent and are rated 3. Adequate Labor and
Capital are available for a rating of 3, but some associated Hardware
Development is a challenge, resulting in a rating of 2.

Payoff Phase. If the projects are successful they offer the prospect of
conserving substantial BTU's of energy (rating of 3). This would be coal C
conservation rather than a saving in Petroleum, so the latter is rated 2 as is
the Timing criterion.

On the basis of the program rankings, the energy research and
development programs have been ordered in priority in Table B-3. The
ordering does differ, but not substantially so, between the weighted and C
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unweighted methods. In general, those programs which emerge with highest
priorities are those with nearest term potential payoffs.

Table B-3.-ILLUSTRATIVE PROGRAM PRIORITIES BASED ON CRITERIA

Total
RankWeight Criteria

Conservation
Resource Assessment
Oil and Gas
Coal and Shale Processing
Mining Coal and Shale
Fission
Conversion Techniques
Advanced Transportation

Systems
Energy and Fuel Transportation

Distribution and Storage
Geothermal
Fusion
Solar

Unweighted Criteria

(70) Conservation
(68) Coal and Shale Processing
(67) Resource Assessment
(67) Oil and Gas
(64) Fission
(63) Mining Coal and Shale
(57) Conversion Techniques

Advanced Transportation
(54) Systems

Energy and Fuel Transportation
(54) Distribution and Storage
(45) Fusion
(43) Geothermal
(40) Solar

Total
Rank

(43)
(42)
(41)
(40)
(39)
(38)
(36)

(35)

(33)
(29)
(28)
(27)

Rating Two Competing Programs. The basis for assigning weights to two
closely related programs is described below to illustrate the rationale by
which different weights were given to competing programs. Both programs,
enhanced oil and gas production and coal liquefaction, have the same
goal-production of refinery feed stock.

Research and Development Phase. Adequacy of the Scientific Base is
considered excellent in oil recovery, but poor for the development of
economically viable coal liquefaction. Both programs are considered to offer
high probabilities of Future Technological Success. More work must be done
in coal prior to demonstrating econonmc feasibility, and a larger list of
priority projects exists, implying greater Feasible Absorbable Investment
here than in oil and gas. Consensus of Acceptability is good for both
projects, but coal liquefaction is less acceptable both on the basis of
requiring extensive mining and the use of valuable water resources.

Implementation and Production Phase. Coal liquefaction is expected to
have worse Price/Cost prospects than enhanced oil and gas recovery. Both
proposals augment the supplies of high Cost Substitutes, namely, oil.
Environmental Acceptability of both is less than optimal, with debits in both
mining and in the risk of oil spills. Need for a Government Role is far greater
in coal liquefaction than in oil, where the time of payoff is much shorter and
better technology already exists. Abundant Resource Reserves of coal areD0
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known to exist, but the extent of exploitable oil reserves is less certain.
Labor is Available in both areas, but Hardware Development is less advanced
in coal liquefaction. Private Capital is judged to be readily available to
implement enhanced recovery of oil but is much less so for coal liquefaction
due to the latter's longer term payoff and less certain economics; also the
more fragmented coal industry lacks the financial resources of the oil
industry.

Payoff Phase. Both coal liquefaction and enhanced oil recovery offer the
prospect of enhancing both the BTU's and Petroleum Savings. Timing is
more favorable for oil recovery than coal liquefaction.

Project Priority and Project Funding
C

Programs given the highest priorities-conservation, oil and gas
production, and utilization of coal-have been budgeted more liberally than
those programs of lesser priority in terms of size and term of payoff. The
dollar amounts proposed for individual programs cannot be ranked in the
same fashion as the priority, since the overriding criterion is how much
funding can be prudently spent. A relatively massive infusion of Federal
funding is proposed in the area of conservation. A very helpful increment of C
Federal assistance to the huge expenditures of the oil and gas industry is
included, anticipating that the bulk of investment in these areas will be
derived from private sources.

In the case of coal conversion, a variety of ambitious programs has been
proposed for substantial funding in conjunction with a substantial
contribution from industry consistent with the anticipated capacity to
generate the people, hardware, and initial methodologies to push ahead with
major pilot and development stage projects. For programs of long-term and
mid-term payoff that lack significant private interest at present, such as the
breeder and fusion programs, continued support has been proposed to ensure
the energy future without interfering with the concentration of the C
accelerated spending program on shorter term prospects. In the cases of
direct and indirect solar and geothermal applications, very large increases in
spending have been recommended; however, the dollar amounts are much
smaller than those for programs already involving massive construction costs
for demonstration plants. C

ALLOCATION OF FEDERAL FUNDS AMONG TIME PERIODS

The allocation of Federal funds among time periods by program
elements, shown in Table B-4, provides a breakdown of the program
elements given in Table 2-1. The key emphasis used in making these C
time-period determinations is the earliest projected commercial introduction
of a technology derived from the combined Federal-industry development
rather than the date of successful completion of the research and
development program. There are obvious difficulties in assessing whether
certain programs will be introduced in the short-term or mid-term, but the
allocation is made through the best estimate available at this time. C
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Table B4.-ALLOCATION OF FEDERAL FUNDS AMONG TIME

PERIODS BY PROGRAM ELEMENTS

($ Millions)

Short-Term Mid-Term Long-Term
Self-Sufficiency Task Objectives Objectives Objectives

D1. Conserve Energy and

Energy Resources
End-Use Conservation I ........... 135 15
Improved Management .............. 60
High-Temperature Gas Turbine ...... 210 105
Advanced Cycles, Fuel Cells,

and Other ...................... 110 100
Advanced Auto Propulsion ........... 260 40
Rail, Bus, Ship, and Air
Systems-........................ 205

Energy and Fuel Transportation
Distribution, and Storage .......... 180 20

Subtotal ...................... 1,160 280

2. Increase Domestic Production
of Oil and Gas

Oil and Gas ...................... 310
Resource Assessment .............. 120 30

Subtotal ...................... 430 30

3. Substitute Coal for Oil and
Gas on a Massive Scale

Mining ........................... 285 40
Direct Combustion ................ 200
Synthetic Fuels .................. 855 415
Common Technology ............... 350 30

Subtotal ...................... 1,690 485

4. Validate the Nuclear Option
Safety, Enrichment, HTG R,

and Other ".. ,100 145
D Breeder Reactors ............. .**''*-- - 2,

Subtotal ...................... 1,100 2,990

5. Exploit Renewable Energy
Sources to the Maximum

D Extent Feasible

Fusion ......................... 1,450
Solar ........................... 50 50 100
Geothermal ..................... 85 100

Subtotal ...................... 135 150 1,550

TOTAL ........................... 4,515 3,935 1,550
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For each major program element, the subprograms and projects were
individually analyzed. Examination of the program objectives, program plan,
and contribution to the energy economy following successful research and
development leads to the determination of those items which are definitely
oriented towards early application or those items which are specifically
geared for later introduction. Occasionally, estimated divisions of funding
amounts were made when the desired information was not sufficient to
make a clear determination. C

ESTIMATING INCREMENTAL ENERGY VALUES RESULTING FROM
RESEARCH AND DEVELOPMENT

The increments in energy savings and energy production that can be
expected in 1980 and 1985 as a result of the research and development C
program are derived by analysis of the expected degree of implementation
provided in the technical panel reports. The analysis was performed utilizing
the Reference Energy System developed by Brookhaven National
Laboratory. The reason for this type of analysis is that many of the
proposed technologies will compete with each other for the same market
application. This means that only the most efficient and economical
technology will contribute to self-sufficiency. Also, when the combined
potential of all technologies exceeds the annual requirements, the excess in
one sector (e.g., electricity production) cannot be transferred to another
sector (e.g., automobile transportation).

The Reference Energy System depicts a total network flow from supply e C
sources through refining, conversion, and distribution to the final utilizing
devices. Economic costs and technical efficiencies are included for each
element of the energy system. The systems analysis can show the relative
magnitude of impacts based on the assumption of successful research and
development and timely implementation of the technology. By utilizing the
technical panels' input data, the Reference Energy System provides a C
consistent framework for evaluating energy resource allocation and
consumption patterns.

The energy-supply constraints, technical efficiencies of energy processes,
and cost information permit one to examine the interactions within the
entire energy system and develop the most likely energy future. By C
restricting the level of imported fuels and analyzing the types of energy
sources which can satisfy a particular end use, the model will permit new,
higher cost technologies to compete for the unsatisfied demands until the
most-efficient resource allocation is found.

COMPARISON OF AGENCY PROJECTIONS C
AND RECOMMENDED PROGRAMS

It is impossible to provide any firm estimate of what the FY 1975-1979
level of funding would have been for Federal energy research and
development in the absence of the President's June 29, 1973, initiative. No
official figures exist. The closest approximation to the programs that might C
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have been conducted are agency five-year planning projections submitted
during the FY 1975 budget cycle. An early draft of this report stated these
amounts as $6622 million. More-precise definition of energy research and
development programs and elimination of duplication resulted in the
more-accurate estimate of $5931 million shown in Table B&5.

Table B-6.-FEDERAL ENERGY RESEARCH AND DEVELOPMENT OBLIGATIONS
BY INDIVIDUAL PROGRAM ELEMENT, FY 1973-.1975

($ Millions)

Annual Budgets FY 75-79 Programs

Recoi-
Actual Planned mended Recom- Agency

Self•Sufficiency Task FY 73 FY 74 FY 75 mended Projections

1. Conserve Energy and
Energy Resources ........... 52.8 62.3 166.2 1,440 95

Reduced Consumption ...... 12.1 22.3 29.9 210 15
Increased Efficiency ........ 40.7 40 136.3 1,230 80

2. Increase Domestic Production
of Oil and Gas .............. 20 19.5 51.7 460 90

Production ............... 12.8 11.2 31.7 310 50
Resource Assessment ....... 7.2 8.3 20.0 150 40

3. Substitute Coal for Oil and
Gas on a Massive Scale ....... 88.8 167.2 405 2175 842

Mining .................. 45 325
Direct Combustion ......... 30 200
Synthetic Fuels ........... 240 1,270
Common Technology ....... 90 380

4. Validate the Nuclear Option ... 395.8 517.3 731.7 4,090 3,672.3
Safety, Enrichment,

HTGR, and Other ......... 129.7 151.7 216.2 1,245.7 1,091.5
Breeders ................. 266.1 365.6 515.5 2,844.3 2,580.8

5. Exploit Renewable Energy
Sources to the Maximum
Extent Feasible ............ 82.8 12:3 217.5 1,835 1,232

Fusion .................. 74.8 98.7 145.0 1,450 1,132
Solar .................... 4.2 13.2 32.5 200 80
Geothermal .............. 3.8 11.1 40.0 185 20

TOTAL ..................... 640.2 889.3 1,572.1 10,000 5,931.3

Supporting Programs (incremental
Federal funding to present programs)

Environmental Effects ......... 105.9 650
Basic Research ............. 43 300
Manpower Development ...... 5 50

153.9 1,000:) 0 is
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These projections assume substantial increases over the funding and
pacing levels of current programs and include the initiation of large (and as
yet unapproved) new construction projects for test and demonstration
purposes in later program stages. Futhermore, the $5931 million is the sum
of all agency requests rather than an independent overall coordinated
program review. Thus, the total $5931 million almost certainly contains
duplicate programs. It does not reflect the relative pacing and funding-level
priorities that would only have led to a more-constrained estimate in the C
context of a balanced overall program review.

Clearly, the recommended program represents more than a doubling of
the level of Federal effort devoted to energy research and development.
Because of the uncertainty of the agencies' planning projections, Table B-5
also displays the data of Table 2-3 on recent budget levels. Tllese permit a c
more meaningful comparison that shows the trend of actual spending
experience in recent years compared to the current plan for the next fivy
years.

c
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Appendix C

CORNELL WORKSHOP PARTICIPANTS

FOSSIL FUEL OPTION

e

Workshop Members

William Gouse, Jr. (Chairman)
Director, Office of Research and Development
U.S. Department of the Interior

Glenn Beeman
Vice President, Purchasing
Commonwealth Edison
Chicago, Illinois

Lloyd Elkins
Production Research Director
Amoco Production Company
Tulsa, Oklahoma

Ernst Habicht
Staff Scientist
Environmental Defense Fund
Setauket, New York

Fred A. L. Holloway
Vice President, Science and Technology
Exxon Corporation
New York, New York

John O'Leary
Director of Licensing
U.S. Atomic Energy Commission

Eric H. Reichl
Vice President
Consolidation Coal Company
Library, Pennsylvania

Arthur M. Squires
Chairman, Department of Chemical Engineering
City College of New York

Consultant

Harry Perry
Staff Member
National Economic Research Associates, Inc.
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SHORT RANGE NUCLEAR OPTION

Workshop Members

Alvin M. Weinberg (Chairman)
Director, Oak Ridge National Laboratory

John E. Cantlon, Provost
Michigan State University

W. Kenneth Davis
Vice President for Thermal Power
Bechtel Power Corporation
San Francisco, California

D. E. Ferguson
Division Director, Chemical Technology
Oak Ridge National Laboratory

Milton Levenson
Director, Nuclear Power
Electric Power Research Institute
Palo Alto, California

H. G. MacPherson
Department of Nuclear Engineering
University of Tennessee

eC

J. Lee Everett, President
Philadelphia Electric Company
Philadelphia, Pennsylvania

INSTITUTIONAL ARRANGEMENTS

3,

C

Workshop Members

Thomas 0. Paine (Chairman)
Senior Vice President
Technology Planning & Development
General Electric Company
New York, New York

Carl E. Bagge, President
National Coal Association

John Corcoran, President
Consolidation Coal Company
Pittsburgh, Pennsylvania

Shearon Hams
Chairman of the Board
Carolina Power & Light Company
Raleigh, North Carolina

Leif H. Olsen
Senior Vice President and Economist
First National City Bank
New York, New York

M. L. Sharrah
Vice President and General Manager
Research & Energy
Continental Oil Company
Staford, Connecticut

Stephen A. Wakefield
Assistant Secretary for Energy
and Minerals

U.S. Department of the Interior

James E. Watson
Manager-Power
Tennessee Valley Authority

C

*_
C

4

LONG RANGE NUCLEAR OPTION

Workshop Members

Hans Bethe (Chairman)
John Wendell Anderson Professor of Physics
Cornell University

Sol Buchsbaum
Executive Director, Research Communications,

Sciences Division
Bell Labs
Holmdel, New Jersey

Milton Levenson
Director, Nuclear Power
Electric Power Research Institute
Palo Alto, California

Chauncey Starr, President
Electnc Power Research Institute
Los Angeles, Calfornia

Walter Zinn (Retired)

C
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TECHNICAL REVIEW PANEL

MEMBERSHIP AND CONSULTANTS

Panel I

RESOURCE ASSESSMENT

Members

Harold L. James, Chairman
U.S. Geological Survey
U.S. Department of the Intenor

Robert D. Nmmger
U.S. Atomic Energy Commission

Glen Kendall
Environmental Protection Agency

Ernest Loeb
U.S. Department of Commerce

H. F. York
U.S. Bureau of Mines
U.S. Pepartment of the Intenor
Pittsburgh, Pennsylvania

Thane H. McCulloh
U.S. Geological Survey
U.S. Department of the Intenor
Seattle, Washington

John W. Gableman, Executive Secretary

U.S. Atomic Energy Commission

Consultants

James F. Davis
General Manager, Uranium Exploration
Union Pacific Mining Corporation

D. Verle Hams
Professor of Geology
Pennsylvan la State Umversity

Wilbur C. Helt
Director, Engineenng
and Statistical Service

National Coal Association

Charles D. Masters
Cluef, Office of Energy Resources
U.S. Geological Survey

Alex Mills
U.S. Bureau of Mines
U.S. Department of the Interior

John D. Moody
Senior Vice President

for Exploration and Producing
Mobil Oil Corporation

C. Melvin Swinney
Manager of Energy Resources
Research and Development

Southern California Edison Co.

J. Fredenc Weinhold
Energy Policy Project
Ford Foundation

James A. Wilson
Past-President
The American Association

of Petroleum Geologists
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Panel II

MINING-COAL AND SHALE
ec

Members

William Schmidt, Chairman
Bureau of Mines
Department of the Interior

James A. Curry
Division of Forestry, Fisheries and

Wildlife Development
Tennessee Valley Authority

George Davis
U.S. Geological Survey
U.S. Department of the Interior

Robert MacLauchlan
Plant Sciences Division
Soil Conservation Service
U.S. Department of Agriculture

John McWilliams
Bureau of Mines
U.S. Department of Interior

Carrow T. Prout, Jr.
Plant Sciences Division
Soil Conservation Service
U.S. Department of Agriculture

Ray Thacker
Office of Research & Development
Environmental Protection Agency

Carl W. Conner, Executive Secretary
Division of Construction
U.S. Atomic Energy Commission

Consultants

M. K. Barlow
Bethlehem Mines Corporation
Bethlehem, Pennsylvania

A. L. Barrett
Lemar Company
Cloucester, Virginia

Roger Bay
Forest Service
U.S. Department of Agriculture

E. P. Berg
Bucyrus-Erie Company
South Milwaukee, Wisconsin

Thomas Betheil
United Mine Workers of America

James Boyer
Bituminous Coal Research
Monroeville, Pennsylvania

Joseph R. Brennan
National Coal Association

L. J. Burger
WABCO Group of American Standard
Peoria, Illinois

A. William Calder
Joy Manufacturing Company
Franklin, Pennsylvania

Thomas Crocker
Bureau of Mines
U.S. Department of the Interior
Spokane Mining Research Center
Spokane, Washington

Richard Dick
Bureau of Mines
U.S. Department of the Interior
Twin Cities Mining Research Center
Minneapolis, Minnesota

R. L. Drollinger
Harnischfeger Company
Milwaukee, Wisconsin

Thomas V. Falkie
Mineral Engineering Department
College of Earth and Mineral Science
Pennsylvania State University

John G. Ferries
Geological Survey
U.S. Department of the Interior

Charles T. Ford
Bituminous Coal Research
Monroeville, Pennsylvania

Robert Saltsman
Bituminous Coal Research
Monroeville, Pennsylvania

Donald K. Simpson
American Mining Congress

Milford Skow
Bureau of Mines
U.S. Department of the Interior

John P. Strange
Mine Safety Appliance Company
Pittsburgh, Pennsylvania

Kelly Strebig
Bureau of Mines
U.S. Department of the Interior
Twin Cities Mining Research Center
Minneapolis, Minnesota
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Woods C. Talman
U.S. Steel Corporation
Pittsburgh, Pennsylvania

Steven Utter
Bureau of Mines
U.S. Department of the Interior
Denver Mining Research Center

Al Van Besien
Bureau of Mines
U.S. Department of the Interior
Denver Mining Research Center

E. M. Warner
Joy Manufacturing Company
Franklin, Pennsylvania

Gordon Wood
Geological Survey
U.S. Department of the Interior

Leonard A. Wood
Geological Survey
U.S. Department of the Interior

James C. Justice
Bluestone Coal Corporation
Beckley, West Virginia

William Kleysteuber
Bureau of Mines
U.S. Department of the Interior
Pittsburgh Mining and Safety
Research Center

Richard M. Lahn
Sierra Club

E. W. Littlefield
Utah International Inc.
San Francisco, California

Thomas Martin
Bureau of Mines
U.S. Department of the Interior
Spokane Mining Research Center

William McClain
Oak Ridge National Laboratory

Wayne McCurdy
Office of Coal Research
U.S. Department of the Interior

Sylvia Milanese
Mining Enforcement and
Safety Administration

E. A. Moulder
Geological Survey
U.S. Department of the Interior

Chuck Phillips
U.S. Soil Conservation Service
U.S. Department of Agriculture

Donald Pierce
United Mine Workers of America

William Poundstone
Consolidation Coal Company
Pittsburgh, Pennsylvania

William J. Powell
American Mining Congress
Washington, D.C.

John Y. Richards
Joy Manufacturing Co.
Washington, D.C.

Ann Roosevelt
Friends of the Earth

James Garvey
Bituminous Coal Research
Monroeville, Pennsylvania

John Geffken
Office of Coal Research
U.S. Department of the Interior

Harold J. Gluskoter
Illinois State Geological Survey
Urbana, Illinois

B. E. Grant
Peabody Coal Company
St Louis, Missouri

W. A. Haley
Caterpillar Tractor Company
Peoria, Illinois

Warren Hall
Director
Office of Water Resources Research
U.S. Department of the Interior

David S. Harper
Mining Progress, Inc.
Charleston, West Virginia

David S. Harwood
Geological Survey
U.S. Department of the Interior

Robert G. Heers
Kaiser Steel Corporation
Oakland, California

Ronald Hill
Environmental Protection Agency
Cincinati, Ohio

Larry Hobart
American Public Power Association
Washington, D.C.

Thomas E. Howard
Joy Manufacturing Co. (Canada Ltd.)
Cambridge, Calt
Ontario, Canada
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Louis Hunter
National Independent Coal
Operators Association

Richlands, Virginia

R. H. Jeffrey
Jeffrey Manufacturing Company
Columbus, Ohio

Harry Johnson
Office of the Assistant Director-Energy
U.S. Department of the Interior ec
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Panel II I

FUEL TRANSPORTATION, DISTRIBUTION, AND STORAGE

Members

Joseph H. Seelinger, Chairman
Maritime Administration
U.S. Department of Commerce

Ellis R. Boyd, Jr.
Bureau of Natural Gas
Federal Power Commission

Richard Corey
USBM, Bureau of Coal
U.S. Department of the Interior

John A. Krynitsky
Defense Fuel Supply Center
Cameron Station
Alexandria, Virgima

Thomas J. Padden
Office of Research and Development
Environmental Protection Agency

Joe B. Work, Executive Secretary
Divison of Waste Management
and Transportation

U.S. Atomic Energy Commission

Consultants

Leo Donovan
Booz-Allen Applied Research
Bethesda, Maryland

I-rank Fulton
Office of Pipeline Safety
Department of Transportation

Larry Hoffman
Mitre Corporation
McLean, Virginia

Harry A. Klester, Director
Engineering Services
Norfolk and Western Railway
Roanoke, Virginia

Olaf A. Larson, Staff Engineer
Process Research Division
Gulf Research and Development Company
Pittsburgh, Pennsylvania

Frank Salzano
Brookhaven National Laboratory

Robert W. Shaw, Jr.
Boot-Allen Applied Research
Bethesda, Maryland

James A. Sisler
Division of Waste Management
and Transportation

U.S. Atomic Energy Commission

Kenneth Tieiber
Material and Equipment R&D Command
Fort Belvoir, Virginia

James K. Walters
Division of Transportation
American Petroleum Institute

Marvin M. Williamson
Division of Applied Technology
U.S. Atomic Energy Commission
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Panel IV

ENERGY TRANSPORTATION, DISTRIBUTION & STORAGE
ec

Members

F. F. Parry, Chairman
Office of the Assistant Secretary

Energy and Minerals
U.S. Department of the Interior

J. Neal Thompson
Rural Electrical Administration
U.S. Department of Agriculture

Samuel W. Fordyce
Office of Applications
National Aeronautics & Space Administration

Brian C. Belanger
Division of Applied Technology
U.S. Atomic Energy Commission

Paul A. Petzrick
Headquarters Naval Material Command
Washington, D.C.

R. Kampez
National Bureau of Standards
U.S. Department of Commerce
Boulder, Colorado

T. R. Walker
Tennessee Valley Authority

Donald W. Kuhn, Executive Secretary
U.S. Atomic Energy Commission

Consultants

Robert A. Bell
Consolidated Edison Co.
New York, New York

Ralph Gens
Bonneville Power Authority
Portland, Oregon

Edward F. Hammel
Los Alamos Scientific Laboratory

L. F. Lischer
Commonwealth Edison Co.
Chicago, Illinois

James Workman
U.S. Department of the Interior
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Panel V

COAL & SHALE PROCESSING & COMBUSTION

Members

William Crentz, Chairman
U.S. Bureau of Mines
U.S. Department of the Interior

Neal P. Cochran
Office of Coal Research
U.S. Department of the Interior

John Cowles
Division of Applied Technology
U.S. Atomic Energy Commission

Robert Hangebrauck
CSL
National Environmental Research Center
Research Triangle Park, North Carolina

Gerald A. Hoilinden
Power Resources Planning
Office of Power
Tennessee Valley Authority

John Manning
National Bureau of Standards
U.S. Department of Commerce

Lewis G. Mayfield
National Science Foundation

Alex Mills
U.S. Bureau of Mines
U.S. Department of the Interior

Rufus W. Shivers, Executive Secretary
Division of Applied Technology
U.S. Atomic Energy Commission

Consultants

John B. Anderson
Research and Development Sales
Combustion Engineenng Company
Windsor, Connecticut

L. Berkowitz
ESSO Research and Engineering Company
Government Research Laboratory
Linden, New Jersey

W. E. Bond, Vice President
Atlantic Richfield Company
Los Angeles, California

Arthur L. Conn, Director
Government Contracts
Research and Development Department
American Oil Company
Whting, Indiana

R. G. Daniel
Atlantic Richfield Company
Los Angeles, California

Martin A. Elliot
Texas Eastern Transmission
Houston, Texas

Brian Haney
U.S. Bureau of Mines
U.S. Department of the Interior

W. B. Harrison, Vice President
Southern Service, Inc.
Birmingham, Alabama

Jack Huebler
Institute of Gas Technology
Chicago, Illinois

T. Kelly Janes
Environmental Protection Agency
Research Triangle Park, North Carolina

Harry Johnson
U.S. Bureau of Mines
U.S. Department of the Interior

Martin Kyle
Argonne National Laboratory
Chicago, Illinois

B. G. McKinney
Tennessee Valley Authority

Jere Nichols
Oak Ridge National Laboratory

John A. Phinney
Consolidation Coal Company
Library, Pennsylvania

Paul Pitts, Vice President
Atlantic Richfield Company
Philadelphia, Pennsylvania

Charles Prien
Denver Research Institute
Denver, Colorado

H. M. Seigel
Synthetic Fuels Research Department
ESSO Research and Engineering Company
Florham Park, New Jersey

Paul W. Spaite
Cincinnati, Ohio
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Panel VI

CONVERSION TECHNIQUES
ec

Members

Robert E. English, Chairman
Power Systems Dmison
Lewis Research Center
National Aeronautics & Space Adm.
Cleveland, Ohio

Wmfred M. Crim, Jr.
U.S. Army Engineer Power Group
Fort Belvoir, Vugnia

James L. Powell
Office of Coal Research
U.S. Department of the Interior

Samuel Schneider
National Bureau of Standards
U.S. Department of Commerce

John Smith
National Environmental Research Center
CSL
Research Triangle Park, North Carolina

Donald K. Stevens
Division of Physical Research
U.S. Atomic Energy Commission

Patrick A. O'Riordan, Executive Secretary
Space Nuclear Systems Division
U.S. Atomic Energy Commission

Consultants

William H. Day
General Electric Company
Schenectady, New Yozk

Martin U. Gustem
National Aeronautics & Space Adm.
Cleveland, Oluo

George Hill
Electric Power Researmh Institute
Palo Alto, Califomia

William D. Jackson
Electric Power Research Institute
Palo Alto, California

John C. Orth
Electro Technology Division, MERDC
Fort Belvoir, Virginia

Michael Petrick
Argonne National Laboratory

William H. Podolny
United Aircarft Corp Research Labs
East Hartford, Connecticut

Harvey Schwartz
Lewis Research Center
National Aeronautics & Space Adm.
Cleveland, Ohio

George Seikel
Lewis Research Center
National Aeronautics & Space Adm.
Cleveland, Ohio

Paul W. Sapite
Cincinnati, Ohio
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Panel V I I

ADVANCED METHODS OF OIL AND GAS
PRODUCTION FROM FOSSIL FUELS

Members

Edward H. Fleming, Chairman
Division of Applied Technology
U.S. Atomic Energy Commission

M. Marcy Williamson
Division of Applied Technology
U.S. Atomic Energy Commission

J. Wade Watkins
U.S. Bureau of Mines
U.S. Department of the Interior

Gerald Dinneen
U.S. Bureau of Mines
U.S. Department of the Interior
Laramie Energy Research Center
Laramie, Wyoming

Frank Stead
U.S. Geological Survey
U.S. Department of the Interior
Denver Federal Center
Denver, Colorado

John Bredehoeft
U.S. Geological Survey
U.S. Department of the Interior
Denver Federal Center
Denver, Colorado

John Mulhem
Environmental Protection Agency

Robert Tomiluro, Executive Secretary
Division of Apphed Technology
U.S. Atomic Energy Commission

Consultants

Lee Aamodt
University of California
Los Alamos Scientific Laboratory

Charles Bliss
Arthur D. Little, Inc.
Cambridge, Massachusetts

John Dew
CONOCO
Ponca City, Oklahoma

Lloyd Elkins
Research Center
Amoco Production Company
Tulsa, Oklahoma

Gary Higgins
Lawrence Livermore Laboratory

Charles Pnen
Chemical Division
Denver Research Institute
Denver, Colorado

Don Shuster
Sandia Laboratories
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Panel VII I

GEOTHERMAL
ec

Members Consultants

Gerald W. Johnson, Chairman
Division of Applied Technology
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FEDERAL POWER COMMISSION 50-286
WobAINorON. O.C. 20426

Docor.bor 13,• 1973

Assi tsant Directort
for Envi•onmental Projects 1

Directorate of:Liconsing DC14
Office of Rcgulation • t
U. s..Ato,•ic flney Co .,,Leu.on
Wfnashingtron*, Ps C. 20545

Dear Mr. Mlul~lar:

This ia in response to your letter of October 17, 1973,
roqueetirng connt on the AEC's'-Draft Environaentatl Statement
related- to tis proparod issuance of an operstingAlUcans to
the Conolidatod. FALson Co.Vpany of Now York, 1e., for the -
Indian 'oiut..Nucleea Gtnorat(ing,'Plan, Unit' t.. 3 (Docket•
iroh 50!-236)-, located in Westchester County In thiSO'State•.o "
new York, No operating nuclear gen.-atiag unitsi-arei located.
on the s..t.

Thes# coawntum by the Federal Fow*-er Connission's Bureau
of. Powar staff are submitted in complisace .iwith the Hitional
Eavironvautal Policy Act of 1969, and the Augstn' 1, 1973,
Guidelines of the Councilt on Enviroti•ental Quality,. end are
directeit- to the need for the aspacity bf the 965-megawatt
Indian Point Unit No. 3, and related bulk pove --supply

In pe. paration of these conments, the, haBoibi auof"Paver
staff has considored the AEC's Draft Envir'.en amea Stateimet,.
the Appicn ts E anvironmontal Report and Supplemapti. thereto'selat~ed, ro•ortt md i-n, accordancit. the Cd •Lts* on .

statement of Policy on Raeliability eud Adequqc. Oglectrlc
Service (Docket aOn .- 3t2) nd the staff•' analysis ýof these-
documents, tosether with related hineroation from other F.0
repote. 11io staff Canerully bases its evaluation of L heneed

1-1
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for a npocific bulk power Oupply facility upon long-term con-
sidorAtions as well em upon the load supply situation for the

peak load period Imaodiately following the availability of the
now facility. It should be noted that the useful life of
Indian Polnt...Unit No. -3 Li expectod to be 30 years or more.
During thatn paeLod tho unit will mak*.,a significant contribution
to the ,oliabilicy and adoquacy of the electric power- supply 1iD
the Appl•aot's swervLce area.

..The Applicant. is an electric utility,.. vhoso service arear-,
includes New• York City and the major :,poxtion. of- Westchoster
County.i• The Applicant is a member.t f tlre Northeast Power,
Coordinating, Couiell (NPCC),' which. coordinates the planning-.
of memborl'. bulk power generating and trAnsmission facilitiesl
for the regiona.l *taoa which includes Niev England, New York,.
and the .Canadian provinces., of Rew .Btunswik and Ontario. In.
additions the Applicant It, a member of the New Yoii. Power Pool
(HYPO),! tihs'oporatinu. peoOi for.-the State: of Nov- ork, whicho,
coordinatow, the planniagand operation of the "mebere' generating
an4: transmii'sioni facin ltiose,- xiYp has establishod a4 regional
reliability' 14tan6od .hich. arqu Lie 'each. mambot system by '1973 to
maintain hn installedreserve capacity at jeast equal to that
roquiped to provide eou 1 percent reserve margin during its .most
recent annial peakýload periodi,. NYHYPPutilizes•ooatralisdC..
oeconomic, dispatch techniques to operate- the mombers'. bulk power
facilities .on a singl co.ntrol arciabasio. -

The di .scuas ioi and. conclusions regardMn, the-need for the
capacity of- the 96w-meagavtt Indian Point Unt: 3, ,contained in
tho AEC" ora-ti Environmental;s.atemonn, are coacurred:in by the
staff of the. Buraou of Power. The capacity, load, and reserve
da•..proeen'ted in thke.drAft envLronmn~tal statement agree with the
latoee information available: td the staff, pant. demonstrate the

need' ftr the unit on the Applicant'a, the NYPP and- the UP•C': -

Since the pubication of the draft environmental statement,
fuel oil supplies from the aliddle East have been curtailed.,
With the. exccption of 1,130'meogwatts-of baseload nuclear
capnbiUiy, chta Ajtplicant'a haioload atd' peakins gesnerating
capability is depundont upon oil and natural gas fuels. About

a
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3,350 maSawaLts of oil-fired baselo.4 capacity could be converted
.to pulverized coal fuel, if an adoqi::.-. cool supply could be
established. IIoc-over, il view of 01.3 impaet that the current oil
shortage is 6aving on the electric utLlity industry, it seams
prudent to make use of nuclear powecr sources to the extent possibla.

The discussion of alternatives to the Indian Point Unit 3
and associated transmission lines is considerod adequate.

The Bureau of Power staff concurs with the conclusion that
new capacity such as that represented by the 965-megawatt Indian
Point Unit 3 is needed to meet the projected load requiraments and
provide reliability of bulk power stupply in the power supply areas
involved.-

' Very truly yours,

Chic••, Bureau of Pov*e"

!
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The mounting toll of injuries and deaths arising out of vehicular accidents-and !
emergencies at home shows the necessity for new, improved statutes covering e'se
gency ,medical servimcs. The federal governmeni through the U. S. Department "l
Trausportation, has placed New York under increased pressure to enact new ee-
gency care legislation by stating that a continuation of federal funds for New 5

highway safety activities may be dependent upo: "the passage of legislation to.PIro-;
vide a regulated training and certification program for ambulance attendants by: theii•
close of the 1974 Legislative Session". Unless corrective measures are taken, Ne-Jc,,K
York State could lose approximately $40 million i1n federal funding for highway safe.
programs and highway construction, according to the Director of the Division of -

interdepartment Traffic Safety Coordination, New York State Department of Motor.
Vehicles, because our highway safety program, a good part of which is emergeny.
medical services, has been evaluated as inferior.

It is important that New York State develop 1community-wide emergency inedieall,
services systems to meet the standards established "by the Federal Emergency Services.'
Act of 1973. Regional Emergency Medical Serxices Councils, created by this bill,
would establish community-wide systems and federal funding could be available on -
both a State and regional basis.

As much local control as possible is smaintained through regional Councils, which:7"
are also charged with the responsibility of determining public need prior to approving.;-
the establishment of new ambulance services; regional councils will coordinate local
emergency service programs which should result iIn more local EMT courses as well
as public awareness of available emergency medical resources.

Voluntary ambulance services have the option of continuing in operation as they
have been, or upgrading training and equipment to become certified. Should they
indicate an intent to become certified, State funds4 would be available to assist thent
in procuring necessary equipment and training. iWorkmen's Compensation benefits
may be available to enrolled members of certified ivolutary services.

This bill, which is the culmination of l-mouiths' study by the Senate Health.'.,
Committee and a series of statewide public hearings by the Senate and Assembly
Health Committees, is designed to upgrade our emergency medical services throughl
the recognition and utilization of existing ambulance services which, through im-
proved coordination and training, should provide every citizen in need of emergency
care the best possible care within, the shortest possible time.

The immunity provisions of the present Section 3021 of the Public Health Law
are expanded to include all EMT's rendering emergency services without the expcc-
tation of monetary compensation, whether or not on behalf of an ambulance servicc.

The registration provisions of this bill are not intended to include emergency
rescue and first aid squads organized pursuant to the provisions of Section 209-b(l)
of the Cknal Municipal Law and operating solelyi for the purposes set forth in that
section. However, rescue and first aid squads which do regularly transport sick and
disabled persons to and from hospitals as well as imbulance services organized pur-
suant to subsection (2) of 209-b would be covered under the registration provisions.

PUBLIC UTILITIES

Governor's Memorandum

Con Ed facilities, purchase S. 10677A, Langley Ch. 369

pablic SjnAce Law. § 66; Public Authorities Law. §§ 1001, 1005, 1009, 1012,

adds 1OOl-a. The purpose of this bill is to help assure continuity of electric power

to the people of the New York City metropolitan area by authorizing the Power

Authority of the State of New York to acquire power generation facilities of

Cbusolidated Edison.
The bill would amend the Public Authorities Law to permit the Power Authority

to acquire and complete base load generating, transmission and related facilities

neccssary or desirable to assist in maintaining an adequate and dependable supply of

electricity for public corporations, governmental agencies and electric corporations

within the metropolitan area of the City of New York. Acquisition would be limited

to facilities located in Westchester County and New York City, and the saJe of power
generated by the facilities would be limited, to the extent feasible, to consumers of

electricity in that area.
The bill would expressly state the policy that any cost savings realized in the

production or delivery of electricity by reason of PASNY's acquisition of facilities

shall be passed on to consumers.
In addition, the bill would provide:

-that no profit may be earned by a municipality reselling PASNY power to an
electric utility;

-that any contract for the sale of PASNY power directly to an elecric utility
shall provide for termination in the event of the utility's failure to pay its bills
promptly but that in the event of such termination, the utility shall nonetheless
continue to deliver the PASNY-generated power to such consumers as PASNY
shall direct;

-that PASNY shall transmit copies of its proposed contracts to the Governor

before public hearings are held thereon;

-that contracts between a municipality and an electric utility for the transporta-

tion of electricity shall be filed with the Public Service Commission.

For a variety of reasons, CoGsolidated Edison, the electric corporation that sup-
plies electricity to all of New York City and most of Westchester County, now finds

itself in an extremely poor cash situation jeopardizing the availability of dependable
electric power supplies to the people and job-producing businesses in its service area.

In order to assure continuity of power, the bill would enable emergency assistance

to Consolidated Edison by authorizing the Power Authority of the State of New

York to acquire and complete Consolidated Edison plants now under construction.

The plants whose acquisition is contemplated are Astoria 6 and Indian Point 3.

Acquisition of these two plants could both provide Consolidated Edison with ime-

- . a;,;,
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diate cash and relieve it of further investment burdlns for the completion of the two
plants without reducing its present base load capacity.

Electricity produced by the acquired plants could. be sold to governmental bodies,.
the Metropolitan Transportation Authority, the New York City Transit Authority,.
the Port Authority of New York and New Jersey or to Consolidated Edison itsel"
If the power is sold to Consolidated Edison, of course, it would be resold only ina...
manner which would insure the continued tax exemption of Power Authority bonds

In any event, the bill would require that the electricty produced in the acquired-
facilities would be sold, to the extent feasible, for the benefit of consumers of elec-.
tricity in New York City and Westchester County. It is anticipated that Consolidated.
Edison will continue to provide transmission and delivery of the electricity produced
at the acquired plants but the bill would also aunthorize the Power Authority to

acquire transmission facilities should that prove ne&ssary to insure continued deliv-
ery.

The bill would expressly state as a part of the policy of the Power Authority Act
that any cost savings resulting from the contemplated transaction be passed on to
consumers. To provide additional protection for consumers, the bill would provide.
that a municipality purchasing power from PASNY and selling it to Consolidated
Edison for resale could realize no profit on that transaction. Furthermore, all
PASNY contracts would be submitted to the Governor prior to public hearing rather
than only after public hearing as is now the case. In this way, the Governor would.
have additional time to solicit, receive and evaluate comments on proposed contracts'
and, if necessary, suggest modifications.

The Public Service Commission is now planning a comprehensive study of Con-
solidated Edison's long-term strengths and weaknesses. The acquisitions authorized.
by this bill would permit Consolidated Edison top overcome its severe short-term
problem. The two complementary approaches will help insure a dependable supply
of electricity, at a reasonable cost, for consumers in:metropolitan New York.

Memorandum of The Department of Environmental Conservation

PUBLIC UTILITIES

State or any other State, exclusive of municipal corporations or state agencies. Such
loans must include provision for the reimbursement to the Corporation of all costs
,iscurred in connection with the financing of the project by requiring the inclusion in
such loan agreements, mortgages, contracts or other instruments, provision for fees
or other charges. This bill permits any such loans to small businesses to be guaranteed
by lease guarantees or bond insurance issued by any agency of the United States of
America. Implementation of this bill should not only facilitate the protection and
promotion of the health of the inhabitants of the State by the prevention of further
pollution and the abatement of existing pollution of the air, land and waters of the
State, but also should attract, encourage and develop economically sound commerce
and industry in the State as well as prevent deterioration to existing commercial and
industrial enterprises, thereby improving employment opportunities and preventing
" i unemployment and economic deterioration in all areas of the State.

Section 1281 of the Public Authorities Law would be amended by the proposed
* bill. The definitions therein of "sewage treatment works," "solid waste disposal

facility," "person." "air pollution control facility," and "water management facility,"
are amended to provide a broader concept so as to include the components of such
facility as would be constructed by an industry. Such definitions in the existing
law are restricted primarily to municipal facilities. The definition of "cost" is
"broadened to include the cost of lease guarantees or bond insurance that will insure

: the payment of some loans to small businesses. Also, the inclusion of the phrase
"whether said facility serves one or more purposes in addition to the primary

purpose of abating or controlling such pollutants," in the definitions of water man-
agement facility and solid waste disposal facilities lend to the realization of the
growing concept of resource recovery and the industrial utilization of by-products
from the treatment and disposal processes.

The purposes of the Corporation as set forth in Subdivision 1 of Section 1283 of
the Public Authorities Law are extended to include the financing of sewage treatment
works, sewage collecting systems, air pollution control facilities, water management
facilities, storm water collecting systems and solid waste disposal facilities by the
Corporation on behalf of persons.

Subdivision 3 of Section 1284 is amended to provide for the issuance of non-negoti-
able notes.

A new Section 1285-b is added to Title Twelve of the Public Authorities Law
which would empower the Corporation to extend credit and make loans to a person
or persons for the construction of a project provided the Corporation deems such
credit or loan to be in the public interest and that the Commissioner of Environmental
Conservation certifies that such credit or loan is for a project that is intended to meet
or exceed State environmental standards.

Paragraph (c), Subdivision 1 of Section 1290 of the Public Authorities Law is
amended to provide for the issuance of special obligation bonds or notes of the Cor-
poration payable solely from revenues, service charges, proceeds or other payments
derived on account of mortgage loan or other agreements, fees and charges with such
person or persons. Provision is also made that no funds, assets or other monies of

is

a,
1*

Env. Cons. Facilities Corp.; powers A. 10996A, Sears Ch. 1046
S. 9584A. B. Smith et al.

Public Authorities Law: amends §§ 1281, 1283, 1284, 1290, adds §§ 1285-b, 1290-a.
The purpose of this bill is to permit the New York State Environmental Facilities
Corporation to finance the construction of a project or projects, including sewage
treatment works, sewage collecting systems, solid wate disposal facilities, air pollu-
tion control facilities, water management facilities, and storm water collecting sys-
tems, in the state, pursuant to loan agreements, mortgages, contracts or other instru-
ments with any person or persons, including individuals, firms, partnerships, public
utilities, associations or corporations organized or. existing under the laws of the
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1974 REGULAR SESSION Ch. 369

New York City-Generating, Transmission Facilities-

Electric Service

.11'elorLndLim relatippy to thi. chapter, see page 8002

CHAPTER 369

An Act to amend the public authorities law and the public service law.
in relation to the acktuisition anti completion of generating and
transmission facilities by power authority of the state of New York
in order to maintain an adequate and reliable supply of electricity
In the metropolitan area of the city of New York and throughout
the state.

Approved and effective May 17. 1974.

Passed on message of necessity. See Const. art. IX, § 2(b)(2). and
M•4cKinney's Legislative Law § 44.

The People of the Statd of New York, represented in Senate and
Assembly, do enact as follows:

Section 1. The third and fourth unnumbered paragraphs of section
ten hundred one of the public authorities law, such third paragraph
having been added und ,uch fourth having been amended by chapter
four hundred eighty-nine of the laws of" nineteen hundred seventy-two,
;1ie hereby amended to read as follows:

It is hirther declared that there is a shortage of dependable power
capacity itt the southeastern part of the state and that the public in-
terest requires that the authority assist in alleviating Stch shortage by
providing such base load generating facilities as may be necessary or
desirable to contribute to the maintenance of an adequate mild depend-
able snpply of electricity for. the metropolitan transportation authority,
its subsidiary corporations, *s-4 the New York city transit authority2

the port authority of New York mll New Jersey, the city of New York,
the state of New York, the United St.ates, other public corporations and
electric companies within the metropolitan area of the city of New York
within the state of New York.

It is further declared (i) that there should be full cooperation among
private and public entities inclnding the authority, munieipal corpora-
tions and rural electric cooperatives engaged in power generation, trarus-
mission and distribution a•nd in associated developmental and service
activities, (ii) that it is desirable that the authority and the utilities
which with the authority eonstitute the New York power pool exchange
ompnrable cost, performnance and operating data with respect to genera-

tion hy unuclear nmeans p)articulal'ly reflecting the effect of the author-
ity's tax-free status, (iii) that it is desirable and reasonable that the
:authority sell power and energy from its projects other than the Niagara
imid Saint Lawrence hydroelectric projects, ,not needed for its high load
factor indtstrial, municipal, rut'al electric cooperati oe an(L public trans-
i,ortation c.lstollers t.o other members of the New York power pool for
resale withotut dlisvrintinntion uitler their respective tariffs and (iv) that
it is desirable that the authority, in order to cooperate in New York
state itotnie alnd space development authority's progiram for mnaximunu
develolpment anld ieavet'na n.se of" aitomie energy, utilize mnilear Fuel
saipplied by New York state atontic and space developmeit authority

t..Aio two4*444e -t"i itus t+44ms4i-)u vis no4 to 4+e A444H ego-
A;s,-6 4I',l~.*k**e oý "-e *ohowi*4 #tsm4 +tot .f*~t4 igemimi44 t.o

the extent Ioelii•d advisable I)v Ite timastees.
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§ 2. Title one of article five of such law is hereby amended by add- §4.
ing thereto a new section, to be section ten hundred one-a, to read as such la-A
follows: hundred

§ 1001-a. Emergency provisions for the metropolitan area of the city hereby at
. Th

of New York mitting i
The legislature hereby finds and deelares that extraordinary cireum- the powt

stances, including excessive costs, shortages of supply, and the inflated visions a
price of fuel threaten the caparity to provide utility service essential of the pi

ice law r.to the continued safety, health, prosperity and well-being of the people ich ar
of the metropolitan area of the city of New York and, by reason of the ch pub
interconnection and interdependence of electric facilities, the reliability thority s.
of such service throughout the state and require emer,_ency action by the imade at
state and its agencies. It is therefore declared that:

1. To preserve reliability of electric service in the metropolitan area § 5. 1
of the city of New York and throughout the state and to assist ini de- such law
terrinr further extraordinary increases in rates for electric service the ainety-fo- amended
:uthority should provide such supplemental electricity for such use in d. Th;
the metropolitan area of the city of New York as is consistent with tuitting a
vontinuing and maintaining the exemption of interest on authority bonds tives in
from the income tax imposed by the Internal Revenue Code of the United governed

and iiotStates 1 and regulations and ruling thereunder. principle.
2. It is essential that such electricity be provided at the earliest and that

practicable time. purchase
3. The authority should be authorized to acquire completed or partial- such sale

ly completed generation, transmission and related facilities and fuel and the powei
fuel contracts. § 1

4. Any cost savings realized in the production or delivery of oleo- such law
tricity by reason of any such acquisition by the authority shoul'd be is hereby
passed on to consumers. e, to read

1 26 U.S.C.A. (I.R.C.1954) j I et seq. e. In

§ 3. The third unnumbered paragraph of section ten hundred five on or aft
of such law is added by chapter four hundred eighty-nine of the laws hv the el
of nineteen hundred seventy-two, is hereby amended to read as follows: rendered

The authority is further authorized to construct and/or acquire and timely pa
complete such base load generating, transmission and related facilities tract, and
as it deems necessary or desirable to assist in maintaining an adequate eompany
and dependable supply of electricity by supplying power and energy for power an,
the metropolitan transportation authority, its subsidiary corporations, the contri
a-a4 the New York city transit anthority, the port authority of New York
and New Jersey, the city of New York, the state of New York, the § 7. S
United States, other public corporations and electric corporations. within last amenhuundred
the metropolitan area of the city of New York within the state of New 7. To

York; provided, however, that the acquisition of completed or partially project aT

completed facilities shall be limited to facilities located in New York dams, po
city or Westchester connty and the energy and power generantcd by such nccessary
facilities shall be used, to the extent fensible, for the benefit of electric sich tran
consumers in that area, and provided, further, that transmission facili- :R:c4lui1iti

"aequisitio
ties shall not be so acquired pursuant to this paragraph unless such lines or t
acquisition is necessary to assure delivery of power aid energy promlzed made ava
by any acqnired generating facility, the electi

506 Changes or additions in text are Indicated by underline deletions
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§ 4. Paragraph g of subdivision five of section ten hundred five of

such law, such subdivision having last been amended by chapter two
hundred ninety-four of the laws of nineteen hundred sixty-eight, is
hereby amended to read as follows:

g. That the rates, services and practices of the purchasing, trans-
mitting and/or distributing public agencies or companies in respect to
the power generated by such projects shall be governed by the pro-
visions and principles established in the contract, and not by regulations
of the public service V.ommhlission or by general principles of pxublic serv-
ice law regulating rates, services and practices and that in the event ally
sich public agencies or companies which purchase power from the au-
thority shall sell any such power for resale, such sale for resale shall be
made at rates no higher than those at which the power was purchased
Iroin the authority.

§ 5. Paragraph d of subdivision six of section ten hundred five of
such law, such subdivision having been added by chapter two hundred
ninety-four of the laws of nineteen lundred sixty-eight, is hereby
amended to read ns follows:

d. That the rates, services and practices of the purchasing, trans-
mitting and/or distributing public agencies and rural electric coopera-
tives in respect to the power and energy front such projects shall be
governed by the provisions and principles established in the contract,
and not by regulations of the public service commission or by general
principles of public service law regulating rates, services and( practices
and that in the event any such public agencies or cooperatives which
purchase power from the authority shall sell any such power for resale,
such sale for resale shall be made at rates no higher than those at which
the power was purchased front the authority.

§ 6. Paragraph e of subdivision six of section ten hundred five of
such law is hereby renumbered to be paragraph f and such subdivision
is hereby amended by hdding thereto a new paragraph to be paragraph
e, to read as follows:

e. In the case of a contract with an electric corporation entered into
on or after May first, nineteen hundred seventy-four (i) for assurances
by the electric eorporation of prompt and timely payment of all bills
rendered by the authority and that failure to make such prompt and
timkely payment shall be grounids for immediate termination of the con-
tract, and (ii) that in the event the contract is so terminated, the electric
company will wheel to such purchasers as the authority imay direct the
power and energy that would have been sold to the electric company had
the eontrand not been terminated.

§ 7. Subdivision seven of section ten hundred five of such- law, as
last amended by chapter two hundred ninety-four of the laws of nineteen
hundred sixty-eight is hereby amended to read as follows:

7. To proceed with the physical construction or completion of any
project authorized by this title, including the erection of the-necessary
damns, power houses and other facilities, instrumentalities and things
necessary or convenient to that end, and including also the erection of
snuh transmission lines as may be necessary to conduct electricity to
I idi-twial users located tt or near the site; :and including also the
tcequisition, by contract only with the owners thereof, of transmission
lines or the use of such transmission lines, available or which may be
made available, to conduct electricity to such point or points at which
the electricity is sold by the authority to any person, corporation or

deletions by tF-k4eente
I N.Y.Laws '74--40
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associatiou, public or private, eng-aged in the businiess of distribhitioii nmd
sale of electricity to ultiaante consumers or if' the anithority is unahl, to
so aeqnire by contrapt the ownership or use of' suich transi,,ission Iinesc,
including also the erection by the authority of tranistission lines tweces-
sasry for snch purposes; and thereafter to maintain aid operate the
project in accordance with the provisions and polhiy of this title. Thw
authority is specifically authorized to undertake the construction of anly
project in one or more steps as it may find economically desirable or
a9ovantageous, and as it may agree with the appropriate Calnadianl arld/or
United States authorities. Whenever in this title reference is made to
"project",'it shall be understood to refer to such part of any project.
authorized by this title as may front time to time be in existence or
immediately projected.

§ 8. Paragraphs b and c of subdivision eight of section ten hundred
five of such law, such subdivision having been added by chapter two
hundred ninety-four of the laws of nineteen hundred sixty-eight, are
hereby amended to read as follows:

b. With respect to construction, completion, acquisition, ownership
and/or operation of baseload P.leei generating facilities, fuel, docks,
sidings, loading or unloading equipment, storage facilities and other
subsidiary facilities and disposition of the output of such generating
facilities.

c. With respect to construction, acquisition, ownership, operation
and/or use of transmission facilities.
e § 9. Subdivision ten of section ten hundred five of such law, as add-
ed by chapter two hundred ninety-four of the laws of nineteen hundred
sixty-eight, is hereby amended to read as follows:

10. .e When the trustees deem it advisable, to utilize nuclear fuel
supptied and owned by New York state atomic and space development
authority %eRe esse 4" is e.' unless 4le timsteea detpoeom
th"a Wi i4e eeeh 4el wsold imesaM ia & e s4igi4eafi eot oe ie +
advzanaege to t"o authority ow~ would et" i)e e eratonlly teasible.

§ 10. Subdivision one of section ten hundred nine of such law, such
section having been amended by chapter two hundred ninety-four of the
laws of nineteen hundred sixty-eight, is hereby amended to read as
follows:

1. After agreement upon the terms of any such contracts shall have
been reached by the authority and its co-party or co-parties, the author-
ity shall promptly transmit a copy of such proposed contract to the
governor and shall hold a public hearing or hearings upon the terms
thereof. At least thirty days' notice of such hearing shall be given by
publication once in each week during such period in each of six news-
papers within the state to be selected by the authority. Copies of
proposed contracts shall be available for public inspection during such
period of thirty days at the offiee or offices of the authority and at
such other places throughout the state as it may designate.

§ 11. The first unnumbered paragraph of section ten hundred twelve
of such law, as last amended by chapter nine hundred eight of the laws
of nineteen hundred seventy-two, is hereby amended to read as follows:

It is hereby found and declared that the projects authorized by this
title are for the aid and improvement of commerce and navigation and
that such aid and improvement of commerce and navigation and the
development, sale and distribution of hyde' eleetrie power is primarily
for the benefit of the people of the state of New York, for the improve-
nient of their health and welfare and material prosperity, and is a
public purpose, and the authority shall be regarded as performing a

508 Changes or additions in text are Indicated by underline
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governmental function in undertaking such projects and in carrying out
the provisions of this title, and shall be required to pay no taxes or
assessments upon any of the property acquired by it for such projects
or upon its activities in the operation and maintenance thereof, provided
that nothing herein shall prevent the authority froom entering into agree-
nieats to make payments in lieu of taxes with respect to property lie-

quired for any project where such payments are based solely on the value
of real property without regard to nay improvement thereof by the
authority and where no bonds to pay any costs of such project were
issued prior to January first, nineteen hundred seventy-two.

§ 12. Subdivision twelve of section sixty-six of the public service
law, as last aniendeil by chapter two hundred seventy of the laws of
nineteen hundred seventy, is hereby amended to read as follows:

12. Have power to require every gas corporation, electric corporation
and municipality hereinafter in this subdivision called a utility to file
with the commission and to print and keep open to public inspection
schedules showing all rates ind charges made, established or enforced
or to he charged or enforced, all forms of contract or agreement and
ill rules and regulations relating to rates, charges or service used or to

be used, and all general privileges and facilities granted or allowed by
such utility; but this subdivision shall not apply to state, municipal or
federal contracts, except to the extent such contracts relate to transporta-
tion of electricity. No change shall be nmade in any rate or charge, or
in any form of contract or agreement or any rule or regulation relating
to any rate, charge or service, or in any general privilege or facility,
whieh shall have been filed by a utility in compliance with an order of
the commission, except after thirty days' notice to the commission and

to each county, city, town and village served by such utility which hadS lfiled with such utility, within the prior twelve months, a request for such

notice and which shall be affected by such change and publication of a
notice to the public of such plroposed change once in each week for four
successive weeks in at newspaper having general circulation'in each
county containing territory affected by the proposed change, which no-
tice shall plainly state the changes proposed and when the change will
-o into effect. The commission for good cause shown may, except in
the case of major changes, allow changes to take effect prior to the end
of. such thirty-day period and without publication of notice to the public
tinder such conditions as it mitay prescribe. For the purpose of this sub-
division, "major changes" shall utean an increase ill the rates and charges
which would increase the aggregate revenues of the applicant more than
the greater of one hundred thousand dollars or two and one-half percent,
hut shall not include changes in rates, charges or rentals allowed to go
into effect by the comnimlission or made by the utility pursuant to an
order of the comnmission after hearings held upon notice to the public.
N'o utility shall charge, demand, collect or receive a greater or less or
different compensation for any service rendered or to be rendered than
the rates and charges specified in its schedule filed and in effect; nor
shall any utility refund or remit in any manner or by any device any
portion of the rates or charges so specified, nor extend to any person
any form of contract or agreenment, or any rule or regulation, or any
lpivilege or facility, except such as are regularly and unifb'rmly extended
to till persons tinder like circumnistances. The commission shall have
power to prescribe time forni of every such schedule, and from time to
time prescribe by order such changes in the form thereof as mimay be
deoomed wise. The commission shall also have power to establish such
rules and regulations to carry into effect this subdivision as it may deem
necessary, and to modify or amend such rules or reguilations from time
to tinme. Nothing in this chapter shall be taken to prohibit a utility from

deletions by ikkeem-' 509
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establishing sliding scale upward rates, beginning at a fixed price per ths
unit for a small consumption and then increasing the price per unit as be
the consumption is increased. Whenever there shall be filed with the as,,
commission by any utility any schedule stating a new rate or charge, or pu
any change in any form of contract or agreement or any rule or regnia- Sul
tion relating to any rate, charge or service, or in any general privilege iti,
or facility, the commission may, at any time within sixty days from the pu
date when such schedule would or has become effective, either upon co:
complaint or upon its own initiative, and, if it so orders, without answer fil
or other formal pleading by the utility, but upon reasonable notice, hold in
a hearing concerning the propriety of such change, provided that if such b5
change is a major change, the commission shall hold such a hearing; sh
and pending such hearing and decision thereon, the commission, upon ev
filing with such schedule and delivering to the utility, a statement in dt
writing of its reasons therefor, may suspend the operation of such nf
schedule, but not for a longer period than one hundred and twenty days ei
beyond the time when it would otherwise go into effect; and after full ce
hearing, whether completed before or after it goes into effect, the com-
mission may make such order in reference thereto as would be proper in tc
a proceeding begun after the rate, charge, form of contract or agree-
ment, rule, regulation, service, general privilege or facility had become
effective. Provided that, if any such hearing cannot be concluded with-
in the period of suspension as above stated, the commission may extend
the suspension for a further period, not exceeding six months. The corn- C
mission may, as authorized by section seventy-two, establish temporary q
rates or charges for any period of suspension under this section. At any
hearing involving a rate, the burden of proof to show that tihe change
or proposed change if proposed by the utility, or that the existing rate,
if it is proposed to reduce the rate, is just and reasonable shall be upon
the utility; and the commission may give to the hearing and decision
of such questions preference over all other questions pending before it.
The schedule, rates, charges, form of contract or agreement, rqie, regula-
tion, service, general privilege or facility in force when the new schedule,
rate, charge, form of contract, rule, regulation, service, general privilege
or facility was filed shall continue in force during the period of the
suspension unless the commission shall establish a temporary rate or
charge as authorized by section seventy-two.

§ 13. Notwithstanding any provision of law to the contrary, the
transfer of any complete or partially completed generation or related
facility to the power authority of the state of New York pursuant to
this act on or before December thirty-first, nineteen hundred seventy-five
shall not require the approval of any department, agency, board or com-
mission nor shall the completion and/or operation of any such facility
transferred to such authority require any license, permit or approval
which would not be required if such facility were not transferred to the
authority.

§ 14. If for any of the purposes of this act, including temporary
construction purposes and the making of additions or improvements, the
authority shall find it necessary or convenient to acquire any property
(including but not limited to contract rights and other intangible per-
sonal property, construction materials, parts, fuel, maintenance and re-
pair equipment, and other tangible personal property), whether for im-
mediate or future use, then the authority may find and determine that
such property is required for public use, and upon such due determina-
tion, such property shall be and shall be deemed to be reqmired for such
public use until otherwise determined by the authority and such deter-
ruination of fact shall not be affected by the fact that such property
has theretofore been taken for, or is then devoted to, a public use; but

510 Changes or additions In text are Indicated by underline
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the public use in_ the hands or under the control of the authority shall
be deemed superior to the public use in the hands of any other person,
association or corporation. The authority may acquire such property by
purchase or by exercise of the power of eminent domain under and pur-
suant to the provisions of section ten hundred seven of the public author-
ities law except that such provisions of section ten hundred seven of the
public authorities law or of section thirty of the highway law or of the
condemnation law as pertain to surveys, diagrams, maps, plans or pro-
files, assessed valuation, iis pendens, filing in the office of the clerk
in which real property affected is situated and such other provisions as
by their nature cannot be applicable to property other than real property:
shall not be applicable to the acquisition of such other property. In thet
event that property is acquired by exercise of the power of eminent,
domain under this section notice of such proceeding and all subsequent
notices or court processes shall, be served upon the owners of such prop-
erty and upon the authority by personal service or by registered or
certified mail, except as may be otherwise directed by the court.

Anything in this section to the contrary notwithstanding, any property
to be acquired pursuant to this section, which property shall not have:
been used by its owner or owners or any of his or their predecessors in
connection with or shall not have been acquired or manufactured by its
owner or owners or any of his or their predecessors for use in connection
with the construction of a base load generating facility in New York.
city or Westchester county prior to authority acquisition shall be ac-
quired only by agreement with the owner or owners thereof.

§ 15. This act shall take effect immediately.

New York City-Generating,: Transmission

Facilities--Construction
V

Memorandum relating to this chapter, see page, $00

CHAPTER 370
An Act to amend the public authorities law. and a chapter of the laws

of nineteen hundred seventy-four, entitled "AN ACT to amend the
public authorities law and the public service law. in relation to the
acquisition and completion of generating and transmission facill-
ties by power authority of the state of New York in order to main-
tain an adequate and reliable supply of electricity in the metro-
politan area of the city of New York and throughout the state".
In relation to the acquisition of certain facilities by thei Power
authority, of the state of New York.

Approved and effective May 17; 1974.
Passed on message of necessity. See Const. art. IX. I 2(b)(2), and

McKinney's Legislative Law 1 44.

The People of the State of New York, represented in Senate and
Assembly, do enact as follows:

Section 1. The third unnumbered paragraph of section ten hundred
five of the public authorities law, as amended by a chapter of the laws
of nineteen hundred seventy-four, entitled "AN ACT to amend the public
authorities law and the public service law, in relation to the acquisition
and completion of generating and transmission facilities by power au-
thority of the state of New York in order to maintain an adequate and
reliable supply of electricity in the metropolitan area of the city of New
York and throughout the state", is hereby amended to read as follows:

deletions by flft00.4. 511
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THIS INDENTURE, made as of the 30th day of December, nineteen
hundred and.seventy-five,

BETWEEN CONSOLIDATED EDISON COMPANY OF NEW YORK, INC., a
New York corporation, having its office and principal
place of business at 4 Irving Place in the City, County
and State of New York ("Con Edison") and POWER AUTHORITY O0
THE STATE OF NEW YORK, a public authority created pursuant

S to chapter 772 of the Laws of New York of 1931 and existing
under Title i of Article V of thePublic Authorities Law
of the State of New York, having its office and principal

W place of business at 10 Columbus Circle, in the City, County
C1 and State of New York, (the "Authority"),

WITNESSETH, that Con Edison, in consideration of Ten Dollars
* and other valuable consideration paid by the Authority, does
Vý,ýhereby grant and release unto the Authority, its successors

nd assigns forever:

All those certain plots, pieces or parcels of land, and land
- under water, more particularly described as PARCEL A
Sin Exhibit A attached hereto and incorporated herein

by reference, together with certain easements and grants of
interests in personal property, fixtures, structures, Lmprove-
ments and other interests and subject to the reservations to
Con Edison of easements and interests in personal property,
fixtures, structures, improvements, and other interests and
other matters, all as more particularly set forth in Exhibit A.

This conveyance is of premises which do not constitute all or
substantially all of the assets of Con Edison. The certificate
of incorporation of Con Edison does not require any consent of
stockholders to the sale of property.

TO RAVE AND TO HOLD the premises herein granted unto the
Authority, its successors and assigns forever.

AND Con Edison covenants that it has not done or suffered
anything whereby the said premises have been encumbered in
any way whatever, except as aforesaid.

AND Con Edison, in compliance with Section 13 of the Lien
Law, covenants that it will receive the consideration for

"kAW•:.LA IAR. -.NEiW VuiK
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this conveyance and will hold the right to receive such
consideration as a trust fund to be applied first for the
purpose of paying the cost of the improvement and will
apply the same first to the payment of the cost of the
improvement before using any part of the total of the same
for any other purpose.

'Ui
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EXHIBIT A

DEFINITION OF MAPS: The following maps are intended

to be filed simultaneously in the Office of the Clerk of

the County of Westchester (Division of Land Records) with

this Indenture and are referred to in this Exhibit A as

"Map No. I", "Map No. 2", and "Map No. 3", respectively:

"Map No. I"

"Power Authority of the State of New York,

Indian Point - Unit No. 3, FACILITIES AND EASEMENTS,

Sheet 1 of 2 Sheets, Village of Buchanan, Town of,

.i3 Cortlandt, County of Westchester, State of New York

*DWG. No. 17-1-001", prepared and certified by Alfred

J. Gallerani, licensed engineer, N.Y.S. Lic. No. 38388,

dated December 29, 1975, to be filed simultaneously

with this Indenture in the Office of the Clerk of the

*County of Westchester (Division of Land Records);

"Map No. 2"

"Power Authority of the State of New York,

Indian Point - Unit No. 3, FACILITIES ANID EASEMENTS,

Sheet 2 of 2 Sheets, Village of Buchanan, Town of

Cortlandt, County of Westchester, State of New York,

DUG. No. 17-1-001", prepared and certified by Alfred

* J. Gallerani, licensed engineer, N.Y.S. Lic. No. 38388,

{I
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I dated December 29 , 1975, to bc filed simultaneously

with this Indenture in the Office of the Clerk of the

County of Westchester'(Division of Land Records);

In case of any discrepancy between
the schematic delineations and desig-
nations of personal property, fixtures,
structures, improvements and other in-
terests on Maps No. 1 or No. 2 and the
descriptions thereof in this Exhibit A,
the description in this Exhibit A shall
control.

"Map. No. 3"

"Power Authority of the State of New York,

SURVEY MAP FOR THE ACQUISITION OF INDIAN POINT

NUCLEAR GENERATING UNIT No. 3, Village of Buchanan.

and Town of Cortlandt, County of Westchester", pre-

pared and certified by Vincent Burruano, licensed

Surveyor, N.Y.S. Lic. No. 45869, dated January

24, 1975, revised Vovember 21, 1975 and December

29, 1975, to be filed simultaneously with this

Indenture in the Office of the Clerk of the County

of Westchester (Division of Land Records).

|,
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DEFINITIONS OF EASEMENT PARCELS: The following two

parcels aro referred to in this Exhibit A for convenience of

reference as "EASEMENT PARCEL No. 1" and "EASEMENT PARCEL No.

2", respectively:



A

LM7306 PA0740 -- 0
"EASEMENT PARCEL 1l

All that plot, piece and parcel of land lying and

being in the Village of Buchanan, County of Westchester, owned

by Consolidated Edison Company of New York, Inc., identified

as all of those lands acquired by Consolidated Edison Company

of New York, Inc., by the following deeds:

BEING the lands conveyed to Con Edison (i) by
Indian Point Realty Corporation by deed dated
December 1, 1954 and recorded in said Clerk's
Office (Division of Land Records) on December
2, 1954 in Liber 5398 of Conveyances at page
340, (ii) by Indian Point Corporation by quit-
claim deed dated Febru&ry 13, 1959, and recorded
in said Clerk's Office (Division of Land Records)
on March 31, 1959, in Liber 5895 of Conveyances
at page 369, and (iii) by The People of the State
of New York by Letters Patent dated October 27,
1959, and recorded in said Clerk's Office (Divi-
sion of Land Records) on December 14, 1959 in
Liber 5973 of Conveyances, at page 289.

BEING a part of the following tax lots:

Village of Buchanan, Section 24, Block 33,
Lot 1, and Town of Cortlandt, Section 24,
Block 33, Lot 1, for (1) and (ii) above and
Village Buchanan, Section 24, Block 33, Lot 3,
and Town of Cortlandt, Section 24, Block 38,
Lot 1, for item (iii), above.

EXCEPTING THEREFROM, PARCEL A, as hereafter defined and described

on Map No. 3.

IT BEING AGREED, however, that none of the
personal property, fixtures, structures, improve-
ments, and other interests, herein reserved or
granted and described as located on or affecting
EASEMENT PARCEL 1, are located on or affect
that part of EASEMENT PARCEL 1 lying north of the
northerly line of the northernmost or main plant
entrance road and north plant perimeter road, as
now existing and delineated and designated on map
No. 2 as "E-3", "E-2/E-3" and "E-2" respectively
and the extensioh westerly into the Hudson River of
the northerly line of the straight line portion of such
north perimeter road in the vicinity of Turbine
Generator Building No. 2.

|
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"EASEMENT PARCEL 2"

All that plot, piece and parcel of land lying and

being in the Village of Buchanan and Town of Cortlandt, County
of wlestchestcr, owned by Consolidated Edison Company of New York,

Inc., identified as all of those lands acquired by Consolidated

Edison Company of New York, Inc., by the following deeds:

Being the lands conveyed to Con Edison (i) by King Prop-
ertics, Inc. by deed dated January 31, 1955, and recorded
in said Clerk's Office (Division of Land Records) on De-
cember 22, 1955, in Liber 5538 of Conveyances, at page 404,
and (ii) by Louis F. and Marie C. Palerro and Demenick and
Jennie DiPietro by deed dated October 30, 1954, and recorded
on Nov-rber 12, 1954 in said Clerk's Office (Division of land
Records) in Libar 5392 of Conveyances, at page 29.

BEING a part of the following tax lots-
Village of Buchanan and Tomn of Cortlandt, Section 23,
Block 32.1, Lot 6.

FURTHER IDENTI.TIED as lying easterly of PARCEL A, (as hereafter
defined and described by metes and bounds, which boundaries of
PARCEL A are delineated on Map No.3), and easterly of Broadway,
generally identified on Map No.1 and Map No.2 as "Buchanan Sub-
station".

i inkR 7306 mv 74
I

IT BEING AGREED, however, that all of the personal
property, fixtures, structures, improvements and
other interests, herein reserved or granted and
described as located on or affecting EASEMENT
PARCEL 2, are located on or affect only that
portion of EASEMENT PARCEL 2 which is within the
area improved by elements of the "Buchanan
Substation" as such elements are delineated and
designated on Map No. 2.

"PARCEL A"

ALL THOSE certain lots, pieces or parcels of
land situate, lying and being in the Village
of Buchanan, Town of Cortlandt, County of West-
chester and the State of New York, and more
particularly bounded and described as follows:

BEGINNING at a point on the northwesterly boundary
line of Broadway where the same is intersected by
the southwesterly boundary line of the Village of
Buchanan; said point being an iron pin located

z!ý0'4
C6

Isy -

I



MOM 30 PA0(42 .
-5- @

at North 459, 973.773, East 604,934.334 of The
New York Coordinate System- East Zone; thence
along said village boundary line the following
three (3) bearings and distances:

(1) North 610 12' 30" West 1,130.00 feet;
(2) South 36' 321 40" West 984.00 feet; and
(3) North 610 12' 30" West 320.00 feet:

thence along the division line between property now
or formerly of Georgia-Pacific Corporation on the
west and Consolidated Edison Company of New York,
Inc. on the east the following four (4) bearings
and distances:

(1) North 230 17' 30" East 576.00 feet;
(2) North 310 19' 30" East 425.00 feet;
(3) North 36P 54' 30" East 675.00 feet, and
(4) North 330 22' ý0" West 597.28 feet

to a point in the high water line of the Hudson
River; thence along said high water line the following
two (2) bearings and distances:

(1) North 589 40' 30" East 94.93 feet, and
(2) North 260 13' 20" East 22.38 feet

to a point at the most southerly corner of lands
now or formerly under water granted by The People
of the State of New York in Letters Patent dated
October 27, 1959 to Consolidated Edison Company of
New York, Inc. and recorded in the Office of the Clerk
of the County of Westchester on December 14,1959 in
Liber 5973 of Deeds at Page 289; thence along the south-
westerly and northwesterly boundary line of said grant
the following two (2) bearings and distances: .- '. I

(1) North 51043'00" West 166.03 feet, and(2) North 38017100" East 90.39 feet

to a point at the most westerly corner of premises
conveyed by Consolidated Edison Company of New York,
Inc. to New York State Atomic and Space Development
Authority in Indenture dated July 26,1971 and re-
corded August 13, 1971 in the Office of the Clerk of
the County of Westchester in Liber 7006 of Deeds at
Page 298; thence along the southwesterly, southeasterlyand northeasterly boundary lines of said premises thefollowing six (6) bearings and distances:

(1) South 51043'00" East 70.00 feet;
(2) North 31020'43" East 88.35 feet;
(3) North 42"44'52" East 94.95 feet;
(4) North 71046123" East 39.42 feet;
(5) North 34954'28" East 41.80 Feet, and
(6) North 51043'00" P:est 86.00 feet

I
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to a point at the most northerly corner of said premises;
thence along the aforesaid northwesterly boundary line of
said grant;

North 38?17'00" East 817.43 feet

to a point; thence through property of Consolidated
Edison Company of New York, Inc. the following eleven
(11) bearings and distances:

(1) South 51043'00" East 558.88 feet to a point
located North 68009'01"West, 47.50 feet distant
measured radially from the center of a circular
curve;

(2) Northerly, easterly and southerly along said
curve a distance of 196.36 feet to a point located
South 11017'55" East, 47.50 feet distant measured
radially from the center of said curve;

(3) South 38017100" West 19.47 feet;
(4) South 51043b00" East 433.65 feet;
(5) South 29"14'02" East 227.28 feet;
(6) South 38o17'00" West 1229.14 feet;
(7) South 57011'26" East 355.78 feet;
(8) South 63041122" East 215.25 feet;
(9) South 77036'34" East 168.54 feet;

(10) South 63930'45" East 229.13 feet, and
(11) South 63043'41" East 310.02 feet

.to a point on the aforesaid northwesterly boundary line of
Broadway; thence along said northwesterly boundary line of
Broadway:

South 36032'40" West 757.79 feet

to the point of beginning, containing 76.5749 acres,
more or less. All bearings are referred to true North
at the 740201 meridian of West Longitude.

BEING the southerly portion of lands conveyed to Con
Edison (i) by Indian Point Realty Corporation by deed
dated December 1, 1954 and recorded in said Clerk's
Office (Division of Land Records) on December 2, 1954
in Liber 5398 of Conveyances at page 340, (ii) by Indian
Point Corporation by quitclaim deed dated February 13,

II
I
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1959 and recorded in said Clerk's Office •Division of
Land Records) on March 31, 1959, in Liber 5895r of Con-
veyances, at page 369 and (iii) by The People of the
State of New York by Letters Patent dated October 27,
1959, and recorded in said Clerk's Office (Division of
Land Records) on December 14, 1959, in Liber 5973 of I
Conveyances, at page 289,

BEING a part of the following tax lots; Village of
Buchanan, Section 24, Block 33, Lots 1 and 3,
and Town of Cortlandt, Section 24, Block 33, Lot
1, and Town of Cortlandt, Section 24, Block 38,
Lot 1.

LESERVING, UNTO CON EDISON, HOWEVER, the following

described personal property, fixtures, structures, improve-

ments, and other interests located on PARCEL A, excepting the

fee to the land on which, over which, or under which erected

or located-

1. All right, title and interest in and to the

345 KV transmission line delineated and designated "CE-4"

on Mau No. 1, and associated towers, foundations,. transmis-

sion lines, cables and other equipment and appurtenances

together with the right, privilege and easement to transmit

electric power over such transmission line, and for such

0 purposes an easement of access thereto for vehicles and

personnel to maintain, operate, inspect, repair, reconstruct,

add to and improve, replace, retire, and remove such system.

2. All right, title and interest in and to the sanitary

sewage treatment plant and sewers delineated and designated on

Map No. I as "E-IJ' and the associated power supply system,

•o designated on Map No. 1 as"CE-7• together with the related

|I
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foundations, supporting structures and appurtenances; together

with an easement to dispose of the effluent by percolation;

together with the right, privilege and easement of access

thereto for vehicles and personnel to maintain, operate, inspect,

repair, reconstruct, replace, retire, remove or abandon, such

sanitary sewage treatment system and associated power supply

and appurtenances.

3. An undivided 53 percent interest as a tenant in

common with the Authority in and to that portion of the cir-

culating water Discharge Canal lying south of a line parallel

*to and 135 feet south of the northerly boundary of PARCEL A,

• delineated on Map No. I and designated thereon as "PAC-3', together

~ with the right, privilege and easement in con-.on with the Authority

to transmit cooling water and process water, surface and storm

water through such portion of the Discharge Canal and for such

purposes an easement of access thereto for vehicles and personnel

to maintain, operate, inspect, repair, reconstruct, replace,

retire and abandon such portion of the Discharge Canal; AND all

right, title and interest in and to that portion of such Discharge

Canal lying north of such line parallel to and 135 feet south of

the northerly boundary of PARCEL A, delineated on Map No. 1 and

designated thereon as "CE-12", together with the right, privilege

and easement to transmit cooling water and process water, surface

and storm water through such portion of the Discharge Canal and

If
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for such purposes an easement of access thereto for .vehicles

and personhel to maintain, operate, inspect, repair, reconstruct,

replace, retire and abandon such portion of the Discharge Canal;

subject to the Authority's right privilege and easement to

maintain the existing service water pumps and associated piping

and bridge constructed over the Discharge Canal, together with

the right, privilege and easement to draw water from the

Discharge Canal, provided the exercise of such right does not

interfere with or damage such Discharge Canal.

4. An undivided 53 percent interest as a tenant in

common with the Authority in and to the outfall gates Control

House and power and control conduits serving the Control House and

the outfall gates (but omitting such portion of such power and

control conduits as are found on the outfall gates and associ-

ated structures westerly of the westerly boundary of PARCEL A

C within lands now or formerly of New York State Atomic and

Space Development Authority), and appurten-.nces thereto, delin-

eated and designated on Map No. 1 as "PAC-41; together with the

- ~ necessary easement and appurtenances for connection of alternate

power cables to a source within PARCEL A; together with tho

right, privilege and easement in common with the Authority

for operation of the outfall gates; and for such purposes

an easement of access for vehicles and personnel to maintain,

operate, inspect, repair, reconstruct, replace, retire and

abandon such facilities, but subject to the applicable provisions

l'
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of that certain lease between New York State Atomic and Space

Development Authority, as Lessor, or its successor, and Con

Edison, as Lessee, dated July 1, 1971, of lands now or formerly

under the waters of the Hudson River delineated and designated

o n Map No. 1 as "ERDA-I", and marked on Map No. 3 "N.Y.S.

Atomic Space Development Agency, Now or formerly, L.7006

11*0 cp. 298," conveyed to said Lessor by deed recorded in said

"00 Clerk's Office (Division of Land Records) in Liber 7006 of

Conveyances, at page 298, on August 13, 1971.

5. An undivided 50 percent interest as a tenant in

common with the Authority in and to the Meteorological Tower,

the Meteorological Trailer, forward scatter meter, associated

foundations, structures, supports, anchors, and other asso-

ciated facilities and appurtenances, delineated on Map No. 1

and designated thereon as "PAC-8"i together with the right:,

b privilege and easement together with the Authority, to utilize

the same for collection of meteorological and other data,

and such purposes an easement of access for vehicles and

Ifo

personel to aintain, operate, inspect, repair, econstruct,

•replace, retire and abandon such facilities.
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6. The right, privilege and easement to use for

purposes of emergency evacuation in common with the Authority

the access roads delineated and designated on Map No. 2 as
' D "RE- 2u.

00 7. The right, privilege and easement to use for
-ingress and egress for vehicles and personnel in common with

Authority the access roads delineated and designated on Map

No. 2 as *RE-30.

8. All right, title and interest in and to the

electric panel board and telephone switching equipment located

in the northerly end of the building denominated "GATE HSE.0

Sas delineated and designated on Map No. L, and associated

wires and cables and necessary easements for service lines,

00 and appurtenances, delineated as OCE-ll" on Map No. 1,

and for such purposes an easement of access for vehicles

and personnel to maintain, operate, inspect, repair, re-

construct, replace, retire, abandon or remove such reserved

facilities.

9. The right, privilege and easement to transmit

138 KV power in either direction from Con Edison's 138 KV bus

Y in the Buchanan Substation (as delineated on Maps No. 1 and No. 2)

I) on EASEMENT PARCEL 2, through circuit breaker ST 2-6 and

XV • disconnecting switches BT 2-6W and BT 2-'E, through overhead00

I
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transmission line 95331, through the 138 KV switchyard on

PARCEL A, and thence through underground 138 KV transmission

lines 33332 L&M and two sets of 138 KV potheads to disconnecting

switch BT 5-6N on EASEMENT PARCEL 1 (designated and delineated

t • on Map No. 2 as ORE-40) and for such purposes an easement of

access for vehicles and personnel to maintain, operate, inspect,

iN repair, reconstruct, replace, retire and remove such lines and

appurtenances.

10. The right, privilege and easement for use of

control cables for the 138 KV transmission system described in

paragraph 9, above, from Control Building No. 3 (designated

I as "Control Bldg. No. 3" on Map No. 1) on PARCEL A, via tray

4.ý and conduit underground to panels and terminal boxes in the

Control House (designated as "Control House" on Map No. 1)

in the 138 XV switchyard within PARCEL A, and thence under-

ground to the switchyard easterly of the Superheater Building

on EASEMENT PARCEL 1, designated and delineated on Map No. 2

as "RE-6", and appurtenances thereto, and for such purposes an

easement of access for vehicles and personnel to maintain,

operate, inspect, repair, reconstruct, replace, retire and

remove such cables and appurtenances.

I|
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11. The right, privilege and easement in common

with the Authority to maintain sensors on the equipment bridge

over the Discharge Canal for monitoring dissolved oxygen, pH,

and temperature of the water in the Discharge Canal, and the

associated sampling station building erected or to be erected

just northerly on said equipment bridge, and connectifg signal

wiring running along the equipment bridge, westerly of Screen-

well Structure No. 3 on PARCEL A, and from thence northerly on the

west side of the waterfront roadway on PARCEL A to an electrical

tunnel on EASEMENT PARCEL 1 and thence into Control Building

No. 1 on EA-ýNT PARCEL 1, designated and delineated on Map

00 No. 2 as "RE-16w, and for such purposes an easement of access

for vehicles and personnel to maintain, operate, inspect, repair,

reconstruct, replace, retire, abandon or remove such facilities.

12. The right, privilege and easement in coimnon with

the Authority for electric transmission along the 480 Volt feeder

from and to MCC 210, designated and delineated on Map No. 2 5
Sas "RE-13", installed within the Passageway Bridge (designated

and delineated on Map No. I as "PA-18"), and for such purpose

an easement of access for personnel to maintain, operate, inspect,

ro; repair, reconstruct, replace, retire, abandon or remove such
J facilities.

...............,--. . -- .-- ..
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13. The right, privilege and easement in common with

the Authority to use the following facilities terminating in

PARCEL A. delineated and designated as noted on Map No. 2:I

A.

(i) 4" station air line, from valve SA-33 on EASE-
bNENT PARCEL 1 through the Passageway Bridge to the
station air compressor in the heater bay in Turbine
Generator Building No. 3 on PARCEL A ("RE-7")}

(ii) 3" demineralized water line from valve PW-91
on EASEMENT PARCEL 1 through the Passageway
Bridge to the outlet of flash evaporator in
Turbine Generator Building No. 3 on PARCEL A
("RE-8");

(iii) 6" condensate make-up line from valve CT-40 on
EASEMENT PARCEL 1 through the Passageway Bridge
to the Boiler Feed Pump in Turbine Generator
Building No. 3 on PARCEL A ("RE-9");

(iv) 1 1/2" hydrogen line, from the first valve at
the hydrogen storage facility north of Screenwell
Structure No. 1 on EASEMENT PARCEL 1 to the
hydrogen storage facility north of Screenwell
Structure No. 3 on PARCEL A (*RE-10");

II

together with easements of access for vehicles and personnel

to maintain, operate, inspect, repair, reconstruct, replace,

retire, abandon or remove such facilities.

14. The right, privilege and easement in common with

the Authority for the flow of water through the high pressure -

fire protection water system on PARCEL A and connections on

EASEMENT PARCEL 1, delineated and designated on Map No. 2 as

"RE-17", and for such purposes an easement of access for

vehicles and personnel to maintain, operate, inspect, repair,

reconstruct, replace, retire, abandon or remove such system.
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15. The riqht, privilege and easement in common with

the Authority for 6.9 KV and 13.8KV connections to-the Gas

Turbine Substation and for transmission of electricity to and

through equipment in the Gas Turbine Substation (the latter

D being designated and delineated on Map No. 1 as wPA-17"), and

N anourtenances, and for such purposes an easement of access

00 for vehicles and personnel to maintain, operate, inspect, repair#

reconstruct, replace, retire, abandon or remove such connections,

equipment and appurtenances.

16. The right, privilege and easement in common with

the Authority for use of control cables associated with said

Gas Turbine Substation located on the north support truss of

said Passageway Bridge# and within cable trays in the Passageway

o Bridge to Turbine Generator Building No. 1, which control cables

are delineated and designated on Map No. 2 as "RE-11", and for

such purposes an easement of access for vehicles and personnel

to maintain, operate, inspect, repair, reconstruct, replace,

retire, abandon or remove such control cables.

17. The right, privilege and easement in common

with the Authority to use the portion of PARCEL A delineated

and designated on Map No. 2 as "RE-10, for temporary storage

S of excavated materials in association with construction on

EASE.XENT PARCEL 1, and for such purposes an easement of access0o
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for vehicles and personnel, but subject to an obligation to

restore the storage area substantially to its preexisting

condition by removal of said excavated materials.

18. The right, privilege and easement in common

with the Authority in and to the land under water and the

waters of the Hudson River within the westerly boundary of

PARCEL A for navigation, scientific and technical investi-

gation, metering and testing, and to maintain facilities

and equipment incident to such uses, and for such purposes,

an easement of access for vessels and personnel to maintain,

operate, inspect, repair, reconstruct, replace, and remove

such incidental facilities and equipment.

19. The right, privilege and easement in common

with the Authority to use the Passageway Bridge delineated

and designated on Map No. 2 as "RE-14", for emergency exit

from Turbine Generator Building No. 1.

EXCEPTING, HOWEVER, any and all property of third

parties, including, but not limited to, contractors' buildings,

structures, trailers and sheds, tools, equipment, apparatus,

appliances, shops and implements belonging to contractors, sub-

contractors, workmen or agents now or formerly engaged in the

construction of the buildings, structures, improvements and ap-

purtenances on PARCEL A.

I
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TOGETHER with the following described personal property,
fixtures, structures, improvements, easements and other interests
located in EASEMENT PARCELS I and 2, excepting the fee to the
land on which, over which, or under which erected .or located.

1. An undivided 47 percent interest as a tenant in
coon with Con Edison in and to the outfall gates power cables
running from PARCEL A underqround through EASEMENT PARCEL 1
to MCC 10Z in the Screenwell Structure No.1 on EASEMENT PARCEL 1
(as delineated and designated on Map No. 1) and associated
control wires from PARCEL A underground through EASEMENT
PARL I to Cniol Building No. 1, such facilities being
designated on Map No. 1 as "CEC-3", together with appurtenances,
and for such purposes an easement of access for vehicles and
personnel to maintain, operate, inspect, repair, reconstruct,
replace, retire, abandon or remove such facilities.

2. The right, privilege and easement to use the wharf
(as delineated on Map No. 1) on EASEMENT PARCEL 1 and adjacent
roadway connecting to PARCEL A for docking and off-loading of
fuel oil only, together with the right to install a fuel barge
off-loading facility similar to the present installation and
associated pipeline running from the wharf to PARCEL A at such
location and route and pursuant to design and plans to be approved
by Con Edison, such approval not to be unreasonably with-
held, together with the right to dock small boats,

I
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and appurtenances, and for such purposes an easement of access

for vehicles and personnel to maintain, operate, inspect, repair,

reconstruct, replace, retire or remove such facilities.

3. The right, privilege and easement for use for

emergency evacuation in common with Con Edison of the access

roads delineated and designated on Map No. 2 as "E-2".

4. The right, privilege and easement for use for

ingress and egress for vehicles and personnel in common with

Con Edison of the access roads delineated and designated on

Map No. 2 as *E-31.

5. All right, title and interest in and to the 10"

00 high pressure fire protection water line connections from

two "T" connections on EASEMENT PARCEL 1 to PARCEL A, delineated

and designated as "PA-l" on Map No. 1, and for such purposes

an easement of access for vehicles and personnel to maintain,

operate, inspect, repair, reconstruct, replace, retire, abandon

or remove and cap such lines, AND the right, privilege and

easement in common with Con Edison for the flow of water through

the high pressure fire protection water system on EASEMENT

PARCEL 1, delineated and designated on Map No. 2 as "E-8",

and for such purposes an easement of access for vehicles and

personnel to maintain, operate, inspect, repair, reconstruct,

replace, retire, abandon or remove such system.

I ,
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6. All right, title and interest in and to the

following facilities on EASEMENT PARCEL 1, delineated andI " designated as indicated on Map No. 1.

(1) 80, 4", and 2" City water lines, from
and including the nearest valve on EASEMENT
PARCEL 1 ("PA-2");
(ii) 2" chlorination system line, from
and including valve CL 16 on EASEMENTPARCEL 1, including associated controls
and heat tracing ("PA-30);
(111) 2 1/2" carbon dioxide line, from and
including valve PG-3 on EASEMENT PARCEL 1 ('PA- 4 n)y
(iv) 8" auxiliary steam line, from and in-
cluding valve SB-4 on EASERENT PARCEL 1 ("PA-5"}
(v) 4" auxiliary condensate return, from and
including valve UH-88 on EASEMENT PARCEL 1
("PA-6");
(vi) 3" demineralized water line, from and in-
cluding valve PW-91 on FASEMENT PIRCEL 1 ("PA-7")!
(vii) 4" station air line, from and including
valve SA-33 on EASEMENT PARCEL 1 ("PA-8");

00 (viii) 6" condensate make-up line, from and
including valve CT-40 on EASEMENT PARCEL 1.
("PA-9')y
(ix) 1 1/2" desuperheater water line, from and
including valve SBF-4 on EASEMENT PARCEL 1
("PA-10") ;
(x) 2" radioactive liquid waste line, from and
including valves LW 531 and LW 532 on EASEMENT PARCEL 1
(xi) 3" steam generator blow down line, from("PA-Il"), -

and including valve LW 530 on EASEMENT PARCEL 1
("PA-12");
(xii) 1 1/2" hydrogen line, from and including
nearest valve on EASEMENT PARCEL 1 ("PA-21");

and for such purposes an easement of access for vehicles and

personnel to maintain, operate, inspect, repair, reconstruct,

replace, retire or remove and cap such lines. The aforesaid

facilities and appurtenances vi, vii, viii and xii are SUBJECT

TO the reservations to Con Edison set forth in paragraph 13 on

page 14, above.

I
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7. All right, title and interest in and to two

connections for the PARCEL A security lighting and surveillance

system power line, delineated and designated on Map No. I as

"PA-t3M; and for such purposes an easement of access for vehicles

and personnel to maintain, operate, inspect, repair, reconstruct,

replace, retire, abandon or remove such lines.

8. All right, title and interest in and to the under-

ground telemetering and control cables and conduit duct banks

related to 345 KV transmission, delineated and designated on

Map No. t as "PA-14", running generally easterly from PARCELh A

through EASEMENT PARCEL I adelin atdw and desinated including
00 -cubicl~es'CI3_-_i and C3-6 in Control Unit No. I in the Buchanan

Substation on EASEMENT PARCEL 2, and for such purposes an

easement of access for vehicles and personnel to maintain,

operate, inspect, repair, reconstruct, replace, retire, abandon

Ior remove such facilities.

9. All right, title and interest in 138 KV underground

transmission lines 33332 L&M from PARCEL A throghtwo sets of 138

KV potheads to (but not including) disconnecting switch BTS-6N

on EASEMENT PARCEL 1, delineated and designated on Map No. 1

as OPA-15", and for such purposes an easement of access

for vehicles and personnel to maintain, operate, inspect, re-

pair, reconstruct, replace, retire, abandon or remove such
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transmission lines, SUBJECT TO the reservation to Con Edison

set forth in paragraph 9 on pages. 11 ind 12, above,

.10. All right, title and interest in and to towers,

foundations, equipment, fixtures, and appurtenances, and

Wi) overhead 345 KV transmission lines from
PARCEL A easterly across EASEMENT PARCEL 1
and Broadway to EASEMENT PARCEL 2 to the
345 KV south ring bus in the Buchanan Sub-
station on EASEMENT PARCEL 2, to and including
circuit breakers 1 and 3, pantograph switches
Fi-3"and 1A, disconnecting switches 1B, 3A and
3B, and associated ground switches, lightning
arresters, coupling capacitor potential devices,
and supporting structures and footings, but
SUBJECT TO a non-exclusive easement (delineated

CO and designated on Map No. 2 as "RE-5") retained
by Con Edison for transmission of 345 KV in
either direction around the Buchanan Sub-
station south ring bus; and

00 (ii) overhead 138 KV transmission line 95331
from PARCEL A to the 138 KV bus in the Buchanan

pmu.• Substation, includinq disconnectlna switches BT2.
6W and BT2-6E, circuit breaker BT2-6, lightning arresters,
supporting structures and footings, SUBJECT TO the
reservation to Con Edison set forth in paragraph 9
on pages 11 and 12,above;

delineated and designated on Map No. 1. as "PA-I6w; and for such

purposes an easement of access for vehicles and personnel to

maintain, operate, inspect, repair, reconstruct, replace, retire

or remove such facilities.

11. The right, privilege and easement in common with

Con Edison for 138 KV transmission throuqh the overhead 138 KV

transmission line 95332 from the Buchanan Substation on EASEMENT

PARCEL 2, westerly across Broadway and EASEMENT PARCEL 1 to the

|,
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potheads at disconnecting switch BT5-6N on EASEI-ENT PARCEL 1,

delineated and designated on Map No. 2 as "E-6"; and for such

purposes an easement of access for vehicles and personnel to

maintain, operate, inspect, repair, reconstruct, replace, retire

or remove such facilities.

12. All right, title and interest in and to the

13.8/6.9 KV autotransformer, a 6.9 KV breaker and switchgear

and a 13.8 KV breaker and switchqear, associated structures,

fixtures and footings comprising the Gas Turbine Substation

on EASEMENT PARCEL 1, connecting underground 6.9 KV power line

to PARCEL A and control lines to the Passageway Bridge. and

appurtenances, delineated and designated on Map No. 1 as

>'• *PA-17", and for such purposes an easement of access for)
vehicles and personnel to maintain, operate, inspect, repair,

reconstruct, replace, retire or remove such facilities, SUBJECT

TO the reservation to Con Edison set forth in paragraph 15 on

page 15, above.

13. All right, title and interest in and to the

Passageway Bridge, supporting structures and footings, and equip-

ment located thereon, delineated and designated on Map No. 1

as *PA-18", ending at the south wall of Turbine Generator

.... Building No. 1 on EASEMENT PARCEL I. and appurtenances, and

for such purposes an easement of access for vehicles and personnel

to maintain, operate, inspect, repair, reconstruct, replace,

retire or remove such facilities, SUBJECT TO the reservations

to Con Edison in paragraphs 12, 13, 16 and 19, on

pages 13, 14. 15 and 16, above respectively.

I
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14. All right, title and interest in and to the

Controlled Passageway from the northerly boundary of PARCEL A

to the south wall of Superheater Building No. I on EASEMENT '
PARCEL 1, delineated and designated on Map No. 1 as "PA-19",

and appurtenances, and for such purposes an easement of access

for vehicles and personnel to maintain, operate, inspect,

repair, reconstruct, replace, retire and remove such facility,

together with an easement of ingress and egress to the Con

Edison Health Physics facility on EASEMENT PARCEL 1.

15. All right, title and interest in and to the

0 continuation from the Passageway Bridge of the 480 Volt feeder

* to MCC 210, and of communication, miscellaneous control and

00 •telephone cables to the connection for each to their first

respective terminal boxes in Turbine Generator Building

No. 1 on EASEMENT PARCEL 1, which feeder and cables are

delineated and designated on Map No. 1 as "PA-22", and

for such purposes an easement of acceas for personnel to

maintain, operate, inspect, repair, reconstruct, replace,

retire, abandon or remove such wires and cables, SUBJECT TO the

reservation to Con Edison in paragraph'12 on page 13, above.

16. All right, title and inteiest in and to the

underground telemetering and control cables and conduit duct

banks related to 138 KhV transmission, delineated and designated

on Map No. I as "PA-23", running easterly from PARCEL A across

EASEMENT PARCEL 1 and Broadway to the Buchanan Substation on
EASEMENT PARCEL 2, and for such purposes, an easement of

SiEN~ PRCEL1 ad Bradwy totheBuchnanSubsatin-o

|
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access for vehicles and personnel to maintain, operate, inspect,

repair, reconstruct, replace and remove such facilities.

17. All right, title and interest in and to the

138 KV underground control cables delineated and designated

on ••ap No. 1 as "PA-24", running from PARCEL A to the 138 IV

switchyard easterly of the Superheater Building on EASEMENT

-PARCEL 1, and for such purposes, an easement of access for

vehicles and personnel to maintain, operate, inspect, repair,'

reconstruct, replace and remove such cables, SUBJEC• TO the

reservation to Con Edison in paragraph 10 on page 12, above.

18. The right, privilege and easement in common

with Con Edison to use only that portion of the sanitary sewage

treatment plant and sewers on PARCEL A from the "T" connection

to existing sanitary facilities located in Turbine Generator

Building No. 3 for the purpose of servicing such existing

sanitary facilities, delineated and designated on Map No. 2

as "E-7", and for such purpose, an easement of access to maintain,

operate, inspect, repair, reconstruct, replace and remove such
facilities.

19. The right privilege and easement as owner of an

. . undivided 50 percent interest in common with Con Edison. in.and

to the Meteorological Tower delineated and designated on Map

No. 1 as "PAC-8" to maintain existing anchors and supports for such

Tower on lands of Con Edison conveyed to Con Edison by Xnamly

IJ

1



A

MOM %062
-25-

Corporation by deed dated October 31, 1972 and recorded

in said Clerkts Office (Land Records Division) on December 7,

1972, in Liber 7097 of Conveyances at page 355, being further

identified as Town of Cortlandt Tax Lot 1 in Section 9.2H,

and for such purposes, an easement of access for vehicles

and personnel to maintain, operate, inspect, repair, re-

construct, replace and remove such anchors and supports.

20. All right, title and interest in and to the

signal wiring for the sensors for monitoring the temperature

kof the water in the Discharge Canal running from PARCEL A

0 along the west side of the waterfront roadway to an electrical

tunnel on EASEMENT PARCEL 1, and thence into Control Building

No. 1 on EASEMENT PARCEL 1, designated and delineated on

Map No. 1 as 'PA-25m, and for such purposes, an easement of

access for vehicles and personnel to maintain, operate,

inspect, repair, reconstruct, replace and remove such iignal wiring

SUBJECT TO the reservation to Con Edison set forth in

paragraph 11 on page 13, above.

21. All right, title and interest in and to the 4"

service line for the air bubbler running from the nearest

valve on EASEMENT PARCEL 1 north of Screenwell Structure No. I

along the waterfront to PARCEL A, delineated and designated on

!I
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Map No. . as "PA-20", and for such purposes, an easement

of access for vehicles and personnel to maintain, operate,

inspect, repair, reconstruct, replace and remove such service line,

GENERAL COVENANTS

00
Each party mutually and reciprocally agrees,

with respect to any right, privilege or easement granted or

reserved herein for access for vehicles or personnel in

order to maintain, operate, inspect, repair, reconstruct,

replace or remove any facility located on land the fee

of which is owned by the other: If the parties have

agreed by any separate executory agreement that such

maintenance, operation, inspection, repair, reconstruction,

replacement or removal is the obligation of the fee owner

of the land, no such right, privilege or easement shall be

exercised as long as such separate agreement shall be in

effect and as long as the fee owner of such land shall not

be in default of performance of an obligation thereunder

beyond any period provided in such agreement for cure of

default after notice thereof,.or,-ir absence-of such express

provision for cure after notice, beyond a reasonable period

for cure of any default after notice thereof. Nothing in the

preceding sentence shall limit the reservation to Con Edison in.

I
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paragraph I on page 7, above, with respect to the .345 KV trans-

mission line delineated and designated on Map No. . as

"CE-4".

Each party mutually and reciprocally agrees with respect I
to those grants or reservations herein of an ownership interest

in personal property, fixtures, structures, improvements or other

facilities ("facilities'), located on land the fee of which is

owned by the other, referred to in paragraphs 1. 2, 3, 4, 5, 8

and 18 of reservations, and paragraphs 1, 2, 5, 6, 7, 8, 9, 10, 12,

13, 14, 15, 16, 17 and 18, 20 and 21 of additional grants, on

N pages 7 through 10, 11, 16, 17, 18, 19 through 21, 22 through 24

and 25, above, such grant or reservation includes an easement to

maintain such a facility-in place, and where necessary, an easement

of support.

The parties agree that except for the.temporary

easements hereinafter conveyed, any right of access or

other right, privilege or eanement herein reserved or granted

to one party burdening the lands of the other shall

continue as long as:

(i) The party benefiting therefrom continues
to maintain a nuclear generating station on its

* lands to which such right, privilege or easement
is appurtenant;

(ii) Any facility on the lands of the other, or
any permitted reconstruction or replacement
thereof, to which such a right, privilege or
easement pertains, continues to be maintained
by either party; and

(iii) The party benefiting therefrom continues
to have an interest therein either as an essen-
tial requirement of its operation of a nuclear
generating station on its own lands, as a con-
dition of its license or permit therefor, or by
contract or agreement with the other party.

I
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I The Authority and Con Edison mutually and recip-

rocally agree that the exercise by the party benefiting

therefrom of any of the reservations and appurtenant rights

herein granted, shall at all times be subject to the right

of the owner of the fee to reasonably regulate such exercise.

It is further mutually and reciprocally agreed

that no part or all of the undivided interests of the Au-

thority and Con Edison as tenants in common in any facilities

and improvements thereto shall be transferred, conveyed or

assigned to any third party unless the party desiring to

convey or assign, after the receipt of a bona fide written
offer from a third party to purchase part or all of such

interest, shall have in writing offered to sell such in-

terest to the other tenant in common, on terms and conditions

at least as favorable as those contained in said bona fide

offer, and shall have held such offer open for at least 180

days, provided that if the other tenant in common does not

accept such offer within such period of 180 days, such offer

shall be deemed to have been declined and the party de-

siring to sell shall be free to accept such bona fide

I|
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offer and thereafter upon receipt of any necessary approval l
of any governmental body then having jurisdiction, to

transfer, convey or assign to said third party such interest

pursuant to the terms of such bona fide offer. None of such

facilities or improvements in which the parties have un-

divided interests shall be subject to partition or sale for

division; such rights to partition or sale for division

being hereby effectively waived, surrendered and released

by the parties.

The covenants, waivers, surrenders and releases

in the preceding paragraph shall (a) be binding upon and

inure to the benefit of the Kuthority and Con Edison and

their respective successors and assigns, and the mortgagees,

receivers, trustees or other representatives of each of

them and of their respective successors and assigns, and

shall run with the interest hereby conveyed, and (b) be

applicable not only to the facilities and improvements

herein conveyed but also to all facilities or improvements

now or hereafter made thereto by the parties acting together.

*. .. ,i . .".. . . . .

'I

ID • .

I U



p. 1 - 1 .73Ofj v~67

The parties agree that no rights shall accrue

under Real Property Actions and Proceedings Law Sections
512 and 522 or analogous commuon law doctrines of adverse

possession or prescription by reason of the variation of

fences from common property lines, but this agreement will

not survive a conveyance of any parcel abutting on such a

presently coimon property line to a third party.

ALSO, TOGETHER WITH the right, privilege and ease-

ment to use the following described facilities in common

with Con Edison . for a term of five years from the date hereof

(collectively, the *five-year easements"Y, limited in each case

to an easement for the Authority to retain in place, inspect,

abandon and retire the facilities, and, (I) in the event the

parties have not agreed in a separate, executory agreement

for Con Edison to maintain, operate, repair, reconstruct,

.and replace any of such facilities, or (ii) in the event that

such separate, executorl agreement shall no longer be in

effect or that Con Edison.- shall be in default of performance

of an obligation thereunder beyond any period provided in

.such agreement for cure of defaults after notice thereof,

or, in absence of such express provision for cure after

notice, beyond a reasonable period for cure of any default

after notice thereof, a right of access for vehicles and

I
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and personnel in order to maintain, operate, repair,

reconstruct and replace any of such facilities The

* five year easements are as follows:

(a) City Water Supply.

Water storage tank, meter house,
related equipment, and water main;, fire water
pumps and equipment for the high pressure
fire protection water system in the Super-
heater Building, all on EASE.MENT PARCEL 1,
which serve facilities referred to in
paragraph 5 on page 18, and paragraph
6(i) on page 19, abovel

(b) Chlorination Supply.

A sodium hypochlorite tank, a feed
pump, a metering station, a motor control
and chlorination control panel, and
associated and wiring, all on EASEMENT.
PARCEL 1, which serve facilities referred
to in paragraph 6(iiG on page 19, above;

(c) Carbon Dioxide Supply.

Carbon dioxide tanks, a regulating
system, and related piping and wiring, all
on EASEMENT PARCEL 1, which serve facilities
referred to in paragraph 6(iii) on page 19,above;

(d) Auxiliary Steam Supply.

Five steam boilers located in the
Superheater guilding, together with related
piping; wiring, controls, and condensatereturn piping; oil tanks; off-loading
facilities, and related piping, all on
EASEMENT PARCEL 1, which serve facilities
referred to in paragraph 6(iv), (v) and (ix)
on page 19, above;

I
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(e) Demineralized Water Supply.
A water treatment plant, 120,000

gallon water tank, and related piping,
wiring and controls, all on EASEMENT PARCEL 1,
which serve- facilities referred to in para-
graph 6(vi) on page 19, above;

(f) Radioactive Liquid Waste Facility.

Radioactive liquid waste facility,
including waste evaporator, drumming
facility, associated wiring, piping and
controls, all on EASEMENT PARCEL 1, which
serve facilities referred to in para-
graph 6 Mx) on page 19, above;

(g) Steam Generator Blow-Down Treatment
•II• Facility.

Steam generator blow-down treatment
facility, including filters, demineralizers,
flash tanks, associated wiring, piping and
controls, all on EASEMENT PARCEL i, which
serve facilities referred to in paragraph
6 (xi) on page 19, above;

(h) Station Air Supply.

Air compressor in the Superheater
Building, and associated piping and wiring,
all on EASEMENT PARCEL 1, which serve
facilities referred to in paragraph 6(vii)on page 19, above.

SUBJECT TO:

1. State of facts shown on Map No. 3.

2. Compliance of the buildings, improvements,

A facilities and systems hereinabove conveyed with applicable

'I
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laws and regulations, to the extent applicable to the

Authority.

3. Any state of facts which an accurate survey

might show or a personal inspection might disclose.

4. Fencing Agreement recorded in the Office of

the Clerk of the County of Westchester (Division of Land

Records) in Liber 1154 of Conveyances, at page 327.

5. Conditions in Letters Patent granted by The

State of New York to Bonner Brick Company recorded in

said Office in Liber 1716 of Conveyances, at page 160.

6. Conditions in Letters Patent granted by The

State of New York to Consolidated Edison Company of New

York rnc., recorded in said Office in Liber 5973 of

Conveyances, at page 289.

7. Rights to take and use clay and sand and

easement of right of way recorded in said Office in Liber

1061 of Conveyances, at page 74.

8. Reservations of easement and rights contained

in instrument recorded in said Office in Liber 2387 of

Conveyances, at page 137.

.......f.~
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9. Easement granted by Indian Point Corporation

to Algonquin Gas Transmission Company recorded in said

Office in Liber 5024 of Conveyances, at page 44, and in

Liber 5035 of Conveyances, at page 146, as modified by Liber

'6517 of Conveyancps, at paqe 34, and by Liber 6712 of
Conveyances, at page 401.

10. Utility Easement granted to Georgia-Pacific

Corporation recorded in said Office in Liber 6756 of

Conveyances, at page 257.

11. Easement granted to American Telephone and

Telegraph Company recorded in said Office in Liber 6757 of

Conveyances, at page 467.

12. Easements and reservations or right of any

utility or power company for right of way, pipes, sewers,

electric transmission and distribution lines, telegraph

and telephone lines and other similar purposes presently

located OA PARCEL A.

13. Rights of Con Edison or-others to the natural

and unobstructed flow of any water course crossing PARCEL A.

I
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14. Rights of the Federal Government to enter

upon and take possession without compensation of lands within

PARCEL A and EASEMENT PARCEL"I now or formerly lying below

the high water mark of the Hudson River.

-15.. Rights of The People of The State of New

York in those portions of PARCEL A and EASEMZNT PARCEL 1

now or formerly under the waters of the Hudson River.

16. Rights of the public generally to use that

portion of PARCEL A and EASF4EENT PARCEL I lying below the

high water line of the Hudson River.

17. Rights of tenants and other persons in

possession.

ii
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STATE OF NEW YORK, COUNTY OF NEW YORK s.:

On the 30th day of December 1975, before me
personally came James A. Fitzpatrick to me known who being
by me duly sworn, did depose and say that he resides at
No. 62 Beekman Street, Plattsburgh, New York, that he is
the Chairmanof Power Authority of the State of New York,
the corporation described in and which executed the foregoing
instrument; that he knows the seal of said corporation; that
the seal affixed to said instrument is such corporate seal;
that it was so affixed by order of the Board of Trustees
of said corporation, and that he signed his name theretoby like order.
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STATE OF NEW YORK, COUNTY OF h'EW YORK ss:

On the 30th day of December 1975, before me
personally came Arthur Hauspurg to me known who being
by me duly sworn, did depose and say that he resides at
No. 5 John Jay Place, Rye, New York 10580, that he is
the President of Consolidated Edison Company of New York,
Inc., the corporation described in and which executed the
foregoing instrument; that he knows the seal of said
corporation; that the seal affixed to said instrument is
such corporate seal; that it was so affixed by order of
the Board of Trustees of said corporation, and that he
signed his name thereto by like order.

IMW#AW HINCUP S..W5F •R'(ttQE~lZNo0t., VtI,t. Sr,,. a' aw ;a.L
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DEED

December 30, 1975

Tax lots affected:

Village of Buchanan: (
Section 24, Block 33, Lots
1 and 3; Section 23, Block
32.1, Lot 6.

Town of Cortlandt:
Section 24, Block 33, Lot
11 Section 24, Block 38,
Lot 1; Section 23, Block
32.1, Lot 6; Section 9.2H,
Lot 1.
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Scott B. Lilly, Esq.
General Counsel
Power Authority of the State

of New York
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New York, New York 10019
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1975 Annual Report
March 25,1976

To the Governor, Legislature and Comptroller

of the State of New York

Pursuant to the provisions of Sections 1002 and

2500 of the Public Authorities Law, Power Authority

of the State of New York herewith submits its Forty-

Fifth Annual Report covering the 1975 calendarL

year.
Respectfully,

James A. FitzPatrick, Chairman
George L. Ingalls, Vice-Chairman
William J. Ronan, Trustee
Raymond J. Lee, Trustee
Richard M. Flynn, Trustee

George T. Berry, General Manager and Chief

Engineer
Lewis R. Bennett, Assistant General Manager
Scott B. Lilly, General Counsel
Wilbur L. Gronberg, Assistant General Manager-

Engineering
John W. Boston, Director of Power Operations
Thomas F. McCrann, Jr., Controller
John C. Bruel, Secretary

Power Authority of the State of New York. 10 Columbus Circle
New York, New York 10019

Power Authority of the State of New York, a public benefit
corporation of the State, brought its first nuclear power
plant on line in 1975. It previously had financed and built
three hydroelectric projects.

The Authority is completing two additional power plants
for 1976 operation and has five more generating and trans-
mission facilities in various stages of licensing and con-
struction. Completion of these facilities will increase the
Authority's capacity to more than 10 million kilowatts.

Authority projects are built without use of tax monies or
state credit for purposes specified by the Legislature and
Governor. They are financed by sale to private investors
of Authority bonds. The projects are operated and bonds. are retired using revenues from operations.

The Authority's operating plants are the 800,000-kilowatt
St. Lawrence Project near Massena, the 2,400,000-kilowatt
Niagara Project near Niagara Falls, the 1,000,000-kilowatt
Blenheim-Gilboa Pumped Storage Power Project in Scho-

!2 11976

James A. FitzPatrick

u George L. Ingalls

William J. Ronan

Raymond J. Lee

- Richard M. Flynn

harie County, and the 821,000-kilowatt James A. FitzPatrici,

Nuclear Power Plant in Oswego County. Transmission linf-5

built by the Authority link the projects with the slaW

power grid.

The Authority is composed of five trustees appointed t,

the Governor with advice and consent of the State Sena:

to serve overlapping terms of five years.
A wholesale power supplier, the Authority sells its ele.

tricity to municipal systems and rural electric cooperative:

to private utilities for resale to retail customers, to specifif

industries and to the Plattsburgh Air Force Base. PoW.,

allocations have been made to Vermont and to a groupC

rural cooperatives in Pennsylvania and New Jersey in ac

cordance with federal law and licenses affecting the Niag

ara and St. Lawrence projects. The Authority expectst'
extend service to public agencies in the Metropolitan Nea

York area with the 1976 completion of the Astoria 6 fossil

fired plant and the Indian Point 3 nuclear plant.



Highlights of 1975

Generation
Authority generates about 25 percent of electricity produced in state

S iagara and St. Lawrence produce 24.4 billion kilowatt hours (kwh)
slenheim-Gilboa generates 1.2 billion kwh

FitzPatrick Nuclear Plant produces 2.1 billion kwh after start of operations

.Acquisition and Construction

Indian Point 3 Nuclear Plant purchased and is 99 percent complete
Astoria 6 unit approximately 77 percent complete at year-end

Power Marketing
Trustees approve contracts for six municipal customers
Power allocations increased for 25 municipal systems and rural electric cooperatives

Rural and residential users of Authority power save $61 million

Licensing and Future Construction
Massena to Plattsburgh transmission line approved
Massena to Utica transmission line hearings continue
Prattsville area studied as alternative to Breakabeen Project
Cementon plant applications filed with State and Federal licensing agencies
Staten Island fossil-fired application awaits docketing

Financing
Acquisition and construction program financed with $910 million bonds

*1975 and January, 1976

Cover:

Moses- Saunders Power Dam, St. Lawrence Project

A Moses Plant, Niagara Project

.. ,e Blenheim-Gilboa Project
,-- -- w• . .

I 'Astoria 6 Generating Plant

Indian Point 3 Nuclear Plant

Aft". FitzPatrick Nuclear Plant

--- .. -.-- Back Cover: Long Sault Dam at St. Lawrence
"• . . .. • •. .'_': • -' . : .. : .' . ".-. . . . - .- T' ' '



Indian Point 3 Nuclear Power Plant

Ofw The Authority in 1975 acquired the 965,000-kilo-

watt Indian Point 3 nuclear power plant in West-

chester County from Con Edison, completing a

1974 legislative authorization to purchase two par-

tially-completed plants from the utility.

The plant is scheduled to serve public agencies

and other customers in New York City and West-

chester County beginning in the second half of

1976 no
lndTmh'Point 3 is located on the east bank of the

Hudson River in the Village of Buchanan pear

Peekskill.
The plant uses a pressurized water reactor, in

which water is heated by the energy of controlled

nuclear fission in the reactor fuel core. The water,

kept from boiling by the increased pressure in the

reactor, flows past a heat exchanger, where its high

temperature creates steam in a separate system
that is connected to the turbine-generator.

Pre-operational testing is underway at the plant,

which has received an operating license from the

Nuclear Regulatory Commission (NRC). The li-

cense was amended to permit acquisition of the

plant by the Authority. Con Edison will operate the

plant for the Authority temporarily. The Authority

expects to file an application to operate the plant
in 1976.

The plant will have an initial rating of 873,000 kw,

which is expected to increase to 965,000 kw after

about two or three years of operating experience.

The annual amount of electricity produced at the

lower rating would require the burning of about

8,300,000 barrels of oil or 2,100,000 tons of coal in

a fossil-fired plant.

........................... , ..:- .. ,.•.,.' ... ..... •..-.; ;.-.,, J,,
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W The James A. FitzPatrick Nuclear Power Plant
began partial commercial operation on July 28, and
by year-end had delivered more than 2.1 billion kwh
of electricity to eligible industries and all seven of
the state's private utilities for distribution to their
retail customers. The Authority's existing municipal
and rural electric cooperative customers will begin
purchasing nuclear power when their growth re-
quires allocations.

During the year, the rigorous testing program
was continued. This involved numerous shutdowns
and startups, inspections and constant surveillance
to insure that all components meet the highest
standards of reliability and safety.

Located on the south shore of Lake Ontario in
the Town of Scriba, about seven miles northeast of
Oswego, the plant is the Authority's first nuclear
facility and was the fifth licensed for operation in
New York State. It has a capability of 821,000 kw
and an anticipated annual output of approximately
five billion kwh. To produce that much energy in a
fossil-fired plant would require the burning of about
7,800,000 barrels of oil or 1,900,000 tons of coal.

Commercial operation began seven years and
* two months after enactment of 1968 legislation di-

recting the Authority to build nuclear plants to meet
the increasing needs of its existing municipal and

rural electric cooperative customers, to provide for
expansion of high-load-factor industries, to firm the
capacity of the Niagara and St. Lawrence hydro-
electric projects and to assist in maintaining a de-
pendable supply of electricity in the state.

On May 20, 1970, the Atomic Energy Commission
issued a construction permit after review of the
plant design and a public hearing conducted by an
independent Atomic Safety and Licensing Board.
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Sirs: We have the honor to submit herewith the Annual Report of the
United State Atomic Energy Commission for 1974 as required
by the Atomic Energy Act of 1954.

Respectfully,

UNITED STATES ATOMIC
ENERGY COMMISSION

CDixy Lee Ray, Chairman
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Chapter 14-1974 NUCLEAR POWER LICENSING

D's

.i7N
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From this control room at Commonwealth, Ed'iCon Co .zion nuclear The first 600-pound: fuel. bundle at
power staton., every. phase of the: operations. of the two 1,100 mega- the Duane Arnold. Energy Center Is:
watts generating -nitS Is -observed around, the clock. The operators lowered .into the ..nuclear reactor,
monitor approximately 1,000 indicator lights and: dials which keep them The,, reactor contains ,,a grid guide
In constant touch with every operation. structure, control rods. and water.

STATUS OF NUCLEAR ELECTRIC POWER

The continuing high output of AEC licensing
decisions resulted in the addition of 14 nuclear
power units to the Nation's generating capacity
during 1974--the largest number'of operating
licenses issued in any one year, comparing with
13 in 1973 and 9 in: 1972. Also, during this period,
construction starts were authorized through a
combination of construction permits,. exemptions
and Limited Work.Authorizations for additional
facilities with a combined capacity nearly equal
to that of all nuclear power plants installed to
date. These actions were achieved without any
sacrifice in the quality of Regulatory health,.
safety and environmentalt reviews..1) • g.. by• k-o l

The addition of about 11,800 net electrical.
megawatts (MWe) during. the year increased,
nuclear electric generating .capacity to nearly
.36,000. MWe-50opercent over the 1973 yearendtotal-represented by 53 licensed units located in
23 States. Nuclear plants as of December 31,
1974, accounted for 7.5 percent of all installed
electric. generating capacity in the United States,
compared with 5.5 percent at the end of 1973.

Under the impact of worsening financial
conditions and some scaling down of projected
future energy demand, utilities announced
deferral of over 50 percent of all nuclear power
.projects during . l.fg the year.
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NUCLEAR POWER CAPACITY
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By December 1, the effect of delays and
cancellations announced by utilities with respect
to the 194 nuclear units which were under
construction, in licensing review, ordered or
announced on June 30, 1974, was as follows;

* Of 60 with construction permits, 45 were
delayed and 2 were cancelled.

" Of 84 units under construction permit
review by the AEC Regulatory staff, the
planned operating dates of 42 were
postponed and 4 were cancelled.

*Of 50 units that had been ordered or
announced by utilities, 24 were announced.
as being delayed from 1 to 5 years in
planned operation dates and 8 were
canceIled.

Despite these deferrals, at yearend there were
233 nuclear units in operating, being built or
planned, representing an aggregate capacity of
233 nuclear units in operation, being built or
these, the number operating or in the regulatory
process totaled 190, an increase of 39 over the
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number of these facilities under Regulatory
surveillance or review at the end of 1973.

Operating License Actions

During 1974, operating licenses were issuedý
for 14 nuclear power plants having an
aggregate electrical capacity of 11,808 MWe. In:
addition, one 90 percent license issued in 1973
was upgraded to full power.

Cooper Station. On January 18, Nebraska
Public Power District received a full power
operating license for its 778-MWe boiling water
unit,;Cooper Nuclear Station,. located on the west
bank of theMissouri River near Brownvilte, Neb.;
The plant achieved initial criticality (fission chain
reaction) on February 21.

Arnold. Iowa Electric Light & Power Co.
received a license on February 22 authorizi6g fult
power operation at 569 MWe of the Duane
Arnold Energy Center nuclear unit, a boiling
water reactor. The facility, which is located near
the Village of Palo in Linn County. Iowa,
.achieved: criticality on March 24.'

Prairie Island Units I and 2. On April 5,
Northern States Power Co. received a full power
license for Unit 1 of, its nuclear station located
about 6 miles northwest of Reed Wing, Minn.
Unit.1 had been authorized to operate:at 20
percent in August 1973, and at 90 percent In
December 1973.

On October 29, a full power license was
issued for Prairie Island Unit,2 at the same site.
Licensing of both units was authorized in an
April 2 initial decision by an Atomic SafetyandLicensing Board after an extensive public
hearing; however, construction of Unit 2 was not
complete at that ftime.

The similar units usepressurized water reactors
and each has an electrical capacity of about 530
megawatts at full power.

Three Mile Island 1. On April 19, Metropolitan
Edison Co. was licensed to operate its Three Mile
Island 1 nuclear unit, located in Londonderty
Township, Dauphin County, Pa., at 19 percent of
full power. Power was restricted until the sodium
thiosulfate storage tank for the reactor building
spray system was repaired and returned to
service. On June: 24 the license was: amended to
authorize full power operation at 819 MWe.
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Initial criticality of the pressurized water reactor
was achieved on June 5, and commercial

v operation was begun on September 2.

Arkansas 1. Arkansas Power & Light Co.
received a license on May 21 authorizing
operation of the Arkansas Nuclear One, Unit 1,
located near Russellville in Pope County, Ark. At
full power the p*ressurized'water reactor will have
an electrical output of 850 megawatts. Initial
criticality was. achieved on August 6, 1974.

Browns Ferry 2. Tennessee Valley Authority
received a license onJune 28 authorizing
operation of the second unit of its three-unit
Browns Ferry plant located near Decatur in
Limestone County, Ala. The license authorized
fuel loading, low power testing and operation at
one percent of full power. On August 2 the
license was amended to authorize operation at
full power.

Each of the three units of the Browns Ferry
station uses a boiling water reactor and each has
a generating capacity of about 1,065 MWe. A full
power license for Unit 1 was issued in December
1973. Unit 3 is expected to be completed and

) ready for fuel loading in about a year.

2ý

c2

Peach Bottom 3. On July 2, Philadelphia
Electric Co. was licensed to operate at full power
its Peach Bottom Unit 3 nuclear unit near the
town of Lancaster in York County, Pa. The
1,065-MWe boiling water reactor achieved initial
criticality on August 6.

Full power operating licenses for.Units 2 and 3
of the .Peach Bottom station were the subject of
a public hearing conducted by an Atomic Safety
and Licensing Board. The board had authorized
issuance of a full power license for Unit 2 in
September 1973, but deferreddecision on Unit 3
pending further consideration of water quality
matters related to the combined discharge from
both units.

After a further hearing on Unit 3 in January
1974, the board issued'its decision authorizing
issuance of a license on June 14. As a condition
of licensing the board required that a closed-
cycle cooling system be installed and in operation
by January 1, 1977. Operation of the facility, with
the once-through cooling system, using forced
draft (open cycle) helper cooling towers to
partially cool the water before discharge will be
permitted until then.

Oconee 3. The third 886-MWe pressurized
00C• les••." 3

.. •.••8

water reactor at Duke Power Co.'s three unit
facility, Oconee Nuclear Station, was licensed on
July 19 for full power operation. The plant, which
is located in Oconee County, S.C., achieved
initial criticality on September 6:

Calvert Cliffs 1. Baltimore Gas & Electric Co.
was issued. a full power license on July 31 for its
845-MWe pressurized water reactor designated
the Calvert Cliffs Nuclear Power Plant, Unit 1..
The plant is located 45 miles from Washington,
D. C., in Calvert County, Md.

The Chesapeake Environmental Protection
Association had requested a hearing to consider
the environmental effects of the plant's -once-
through cooling system, but withdrew the request
when an agreement was reached between the
parties.

Hatch 1. A low power operating license
for Unit 1 of the Edwin I. Hatch Nuclear Plant in
Appling County, Ga., was.issued to Georgia
Power Co. on August .6.. The initial license
permitted only fuel loading, low power testing,
and operation at one percent of full power until
certain construction items and preoperational
tests were completed and approved by the
Regulatory staff. Full power operation was
authorized on October 13.

Unit 1 usesaboiling water reactor with an
electrical capacity of about 786 megawatts. Unit
2, of similar size and type, has been under
construction at the site since December 1972,
and is expected to be completed in September
1977.

Rancho Seco. Sacramento.Municipal Utility
District received a license on August 16 to
operate its 913-MWe pressurized water reactor
plant, the Rancho Seco Nuclear Station, Unit 1,
located in Sacramento County, Calif.

FitzPatrick. On October 17, pursuant to an
Initial Decision of an Atomic Safety and
Licensing Board on November 12, 1973, the
Power Authority of the State of New York
received a full power license for its 821-MWe
boiling water reactor facility designated the
James A. FitzPatrick Nuclear Power Plant. The
plant is located adjacent to the Niagara
Mohawk Power Corp.'s Nine Mile Point site. on
Lake Ontario in Oswego County, N.Y. Niagara
Mohawk will operate the plant for the Power
Authority. The reactor achieved criticality on
November 17.
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STATUS OF NUCLEAR POWER PLANTS -JAN. t. 1975
Number Rated Copatfty

*63 :LICENSED TO 3CRA L M'. 3.0

**63 CONSTRUCTION PERMIT GRANTED .. .................. 6.0
25 Vader OpersntihUnme Review.30
n opom*Vo Uceen Not Yet Applied Fr. 3I.00

74 JUNDER CONSTRUCTION PERMTRVE............8.0

M~wtU~aUsaUReview inPotn ."AM

14 PUBUC6LY ANNOUNCEM.v....... ................... f00
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Unloading of nuclear fuel at the
Calvert Cliffs nuclear power plant
near Lusby. Md&

C
Cook 1. An initial operating license

authorizing fuel•loading of Unit 1 of the Donald
C. Cook Nuclear Power Plant near Benton
Harbor, Mich., was issued on October25 to
Indiana and Michigan Power Co. and.Indiana
and Michigan Electric Co. This is the firstplant
utilizing the ice condenser concept for
emergency core cooling. The initial license,
which authorized fuel loading and some testing,.
was amended on December 20 to permit
operation at core power levels not to exceed,
81% of rated thermal power until further
authorization by the AEC in addition, a
temporary restriction on operation of the facility
was imposed, pending installation: by the
licensee of additional safety restraints and
barriers.

A public hearing had been requested to
consider the operating license, but the issues
were settled among the intervenors, the
applicant, and the AEC. Units 1 and2 of the
Cook plant have been under construction since
March 1969. Each unit uses a pressurized water
reactor and each will have an electrical capacity
of 1,060 megawatts. The plant site is on Lake
Michigan in Berrien County near the city of
Bridgman and about 11 miles southwest of
Benton Harbor.

Brunswick 2. Carolina Power & Light Co.
received a full power license for its 821-MWe
Brunswick Unit No. 2 on December 27. The

[2 ::V

.boiling water reactor is located near Southport in
Brunswick County, NC.

Included above are the first nuclear units
licensed to operate in the states'of Iowa,
Arkansas, Maryland, Georgia and North Carolina.

C

C

(

The. 913-megawatt Rancho Sew nuclear power plant
in Sacramento County. Calit., Is the largest nuclea
plant in the United States licensed to operate at. a
dry site" (not located by a body of water). Water

requirements for the plant ar obtained from a pump-
Ing station located 5 miles from the plant on the
Folsom South Canal. The plants liquid radioactive
waste system has: bees designed to process liquid
wastes for reuse in the plant without discharge, to
the environment during normal operating conditions.
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Table 1.. NUCLEAR POWER PLANT OPERATING
LICENSES ISSUED IN 1974

Unit Location Net MWe
Cooper ------------ Brownville, Neb. ------------------- 778
Duane Arnold ---------------- Palo, Iowa ------------------------ 569
3 Mile Island 1 .------- Goldsboro, Pa -------------------- 819
Arkansas 1 ------------------ Russellville, Ark. ------------------- 850
Browns Ferry 2 -----------.---- Decatur, Ala. -------------------- 1,065
Peach Bottom 3 -------------- Lancaster, Pa . -------------------- 1,065
Oconee 3 ------------------ Seneca, S.C. ---------------------- 886
Calvert Cliffs 1 --------------- Lusby, Md. ----------------------- 845
Hatch 1 -------------------- Baxley, Ga. ----------------------- 786
Rancho Seco -- - -Clay Station, Calif. ----------------- 913
FitzPatrick - Scriba, N.Y .- ------------------------ 821
Prairie Island 2 --------------- Red Wing, Minn. ------------------ 530
Cook 1 --------------------- Bridgman, Mich. ------------------ 1,060
Brunswick 2 ----------------- Southport, N.C. ------------------- 821

Type
BWR
BWR
PWR
PWR
BWR
BWR
PWR
PWR
BWR
PWR
BWR
PWR
PWR

Utility
Nebraska Pub. Pwr. Dist.
Iowa Elec. Light & Pwr. Co.
Metropolitan Edison Co.
Arkansas P&L Co.
Tennessee Valley Authority
Philadelphia Elec. Co.
Duke Power Co.
Baltimore Gas & Elec. Co.
Georgia Power Co.
Sacramento Mun. Ut. Dist.
Pwr. Auth. St. of N.Y..
Northern States Pwr. Co.
Indiana & Mich. Elec. Co.

BWR Carolina P&L Co.

q

3
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Construction Authorizations

Through a combination of construction
permits, limited work authorizations and
exemptions, the AEC authorized construction
starts during 1974 on 33 nuclear units repre-
senting a total of 35,323 net MWe.(construction
of 2 1,113-MWe units were later cancelled by
one utility). This brought the total number of
nuclear plants under conistruction at December
31, 1974, to 73 units representing an aggregate
capacity of some 75,000 MWe.

Construction Permits Issued

The 23 construction permits issued during the
year included the first nuclear units designated
for the states of Indiana, Mississippi, Texas and
Louisiana. Of these, early site work was initiated
on 14 units under LWA's in advance of the
construction permit issuance, enabling varying
degrees of improvements in the utilities'
construction schedules.

Construction permits were issued in 1974 to:

0 Northern Indiana Public Service Co., on
May 1, for the Bailly Generating Station,
located in Porter County, Ind., adjacent to
Indiana Dunes National Lakeshore. The
boiling water reactor plant will have a net
capacity of about 648 MWe. (On September
13, the Joint Intervenors appealed to the U.S.
Court of Appeals to reverse the Commis-
sion's issuance of the construction permit
and to stay construction pending
judicial review. On October 16 the court
ordered a stay in dewatering activities at the

0 g

site and ordered the Commission to hold
further administrative proceedings on
NIPSCO's proposal to construct a slurry wall.
The Commission's proceedings were still in
process at yearend.)

" Duquesne Light, Ohio Edison, Pennsylvania
Power, Cleveland Electric Illuminating, and
Toledo Edison Companies, on May 3, for
Unit 2 of the Beaver Valley Power Station in
Beaver County, Pa. Unit 2, similar to Unit 1
already under construction at the same site,
will use a pressurized water reactor designed
to produce 852 MWe.

* Philadelphia Electric Co., on June 20, for, the
2-unit Limerick Generating Station on the
Schuylkill River in Montgomery County, Pa.,
21 miles northwest of Philadelphia. Each
boiling water reactor unit will have a
capacity of about 1,065 MWe.

" Niagara Mohawk Power Corp., on June 24,
for Unit 2 of the Nine Mile Point Nuclear
Plant, seven miles from Oswego, N.Y. The
boiling water reactor plant will have a
capacity of 1,080 MWe.

" Georgia Power Co., on June 28, for the
4-unit Alvin W. Vogtle Nuclear Plant, 26
miles southeast of Augusta in Burke County,
Ga. Each 1,113-MWe unit will use a
pressurized water reactor. Some non-safety
related site preparation activities had been
permitted under a limited work authori-
zation issued in May. (Units 3 and 4 of the
Vogtle plant were later cancelled by Georgia
Power Co., and the completion dates for
Units 1 and 2 were delayed.)

" Virginia Electric and Power Co., on July 26,

OriginaI f rt
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for Units 3 and 4 of the North Anna Nuclear
Power Station in Louisa County, Va., about
40 miles north-northwest of Richmond,
where Units 1 and 2 are under construction.
Each of the new units will use pressurized
water reactors designed for 907 MWe initial
output. The permits require VEPCO to fulfill
additional seismic and environmental
conditions during the construction period.

" Northeast Nuclear Energy Co., on August 9,
for Unit 3 at the Millstone Nuclear Power
Station at Waterford, Conn. Preliminary
construction work had been authorized in
June under an LWA. Unit 3 will use a
pressurized water reactor with a capacity of
approximately 1,156 MWe.

* Mississippi Power & Light Co. and Middle
South Energy, Inc., on September 4, for the
2-unit Grand Gulf Nuclear Station in
Claiborne County. Miss., following an LWA
issued in May. Each 1,250-MWe unit will be
powered by a boiling water reactor.

* Public Service Electric and Gas Co. and
Atlantic City Electric Co., on November 4,
for the 2-unit Hope Creek Generating
Station adjacent to the Salem nuclear station
now under construction in Salem County,
N.J. The 1,067-MWe boiling water reactor
units had been initially proposed for
construction on Newbold Island in
Burlington County, but the site was changed
in response to Regulatory staff recommen-
dations.

* Louisiana Power & Light Co., on November
14, for the Waterford Steam Electric Station
Unit 3 located on the Mississippi River near
Taft, St. Charles Parish, La. The pressurized
water reactor facility will have an initial
capacity of about 1,113 MWe. LWA's
issued in May and July permitted early site
work to begin.

" Tennessee Valley Authority, on December
24, for the Bellefonte Nuclear Plant, Units 1
and 2, located seven miles from Scottsboro
in Jackson County, Ala. Each of the two units
will use a pressurized water reactor and is
designed for 1,213 MWe output. An LWA
had been issued in September.

* Virginia Electric and Power Co., on
December 20, for Units 3 and 4 at the Surry
Power Station in Surry County, Va., following
the issuance of LWA's in October. Each

Digitiz.d b .. .

859-MWe unit will use a pressurized water
reactor.

Texas Utilities Generating Co., on December
19, for the 2-unit Comanche Peak Electric
Station in Somervell County, Tex. An LWA
issued in October permitted some work at
the site of the twin 1,150-MWe pressurized
water reactors.

Other Construction Activities Authorized
At yearend, limited site preparation and

construction had been authorized for 12 other
units, either by exemptions or LWA's, in advance
of final decisions on construction permit
applications:

" Exemption granted to Commonwealth
Edison Co. on January 14 to conduct soil
stabilization work at the site of its planned
2-unit Byron Plant in Ogle County, Ill.
Additional work at the plant site was
authorized by an LWA issued on December
13.

* Exemption granted to Carolina Power &
Light Co. on January 14 to construct
temporary buildings and do excavation at
the site of its proposed 4-unit Shearon
Harris plant near Raleigh, N.C. Some work
allowed by the exemption was temporarily
restricted by the Atomic Safety and
Licensing Board pending a hearing requested
by intervenors. The restrictions were lifted
following an April 3 Board decision.

* LWA issued to Duke Power Co. on May 16
to perform non-safety related site prepa-
ration activities at the site of its proposed
2-unit Catawba Nuclear Station at Lake
Wylie, S.C.

" LWA issued to Cleveland Electric Illuminat-
ing Co. on October 21 for preliminary work
at the site of the proposed Perry Nuclear
Power Plant, Units 1 and 2, near Painesville,
Ohio. The LWA includes several restrictions
and conditions imposed by the Licensing
Board.

Actions on Siting Problems

During the year, intensive investigations were
conducted of geological faults at four sites where
nuclear power plants were under construction
or in operation. In addition, a special study.
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resolved problems relating to possible hurricane-
induced flooding at one site, and extensive
studies were undertaken in connection with the
possible construction of offshore power stations.

North Anna Site Problem. In May 1973
Virginia Electric and Power Company (VEPCO)

notified the Regulatory staff that a geologic fauIt
zone had been discovered in the containment
excavations for its four-unit North Anna Power
Station. The excavations had been made in
connection with the proposed construction of
Units 3 and 4. The excavation for Units 1 and 2

Table 2. NUCLEAR POWER PLANT
CONSTRUCTION. PERMITS ISSUED IN 1974"

Net MWe
Units Location per unit

Bailly 1. Gary, Indiana 648
Beaver Valley 2 --------------- Shippingport. Pa. --------------- 852
Limerick 1 & 2 --------------- Pottstown, Pa. ---------------- 1,065
Nine Mile Pt. 2 --------------- Scriba, N.Y. ------------------ 1,080
Vogtle 1, 2, 3 & 4** ----------- Waynesboro, Ga. -------------- 1,113
North Anna 3&4 -------------- Mineral, Va. -------- 907
Millstone 3 ------------------ Waterford, Conn -------------- 1,156
Grand Gulf 1&2 -------------- Port Gibson, Miss ------------- 1,250
Waterford 3 ----------------- Taft, La. --------------------- 1,113
Hope Creek 1&2 -------------- Salem, N.J. ------------------ 1,067
Surry 3&4 ------------------- Gravel Neck, Va. --------------- 859
Bellefonte 1&2 --------------- Scottsboro, Ala. --------------- 1,213
Comanche Peak 1&2 ---------- Glen Rose, Tex. --------------- 1,150

Type

BWR
BWR
BWR
BWR
PWR
PWR
PWR
BWR
PWR
BWR
PWR
PWR
PWR

Utility
Northern Indiana Pub. Serv. Co.
Duquesne Light Co.
Philadelphia Elec. Co.
Niagara Mohawk Power Co.
Georgia Power Co.
Virginia Elec. & Power Co.
Northeast Nuclear Energy Co.
Mississippi P&L Co.
Louisiana P&L Co.
Public Service Elec. & Gas Co.
Virginia Elec. & Power Co.
Tennessee Valley Authority
Texas Utilities Generating Co.

* Does not include Limited Work Authorizations issued in advance of construction permit decisions.
Vostle Units 3 and 4 were cancelled by Georgia Power Co. in 1974.
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had already been filled through construction.
Extensive investigations and evaluations were
made by VEPCO and the Regulatory staff to
determine the potential impact of the faulting on
the safety of the plant. These investigations led
the Regulatory staff to find that the North Anna
faults are not capable as defined in Appendix A
to 10 CFR Part 100 and that Lake Anna (the
nearby reservoir created as part of the project)
lacks the potential for causing earthquakes in the
fault zone. A "capable fault," as defined in
Appendix A ("Seismic and Geologic Siting
Criteria for Nuclear Power Plants") to 10 CFR
Part 100, is a fault which has exhibited one of the
following characteristics: (1) movement at or
near the ground surface once within the past
35,000 years or movement of a recurring nature
during the past 500,000 years; (2) macro-
seismicity instrumentally determined demon-
strating a direct relationship with the fault or
a structural relationship with the fault; or (3) a
structural relationship to a capable fault such that
movement on one could reasonably be expected
to be accompanied by movement on the other.
In view of these findings the staff reaffirmed, in
February 1974, its earlier conclusion that the
North Anna site geology and proposed seismic
design parameters are satisfactory.

On October 17, 1973, prior to the completion
of the staff's evaluation, the Director of
Regulation ordered VEPCO to show cause why
construction activities for Units 1 and 2 should
not be suspended. The show cause order led to
contested public hearings early in 1974. After
hearing the evidence, a Licensing Board decided
on June 27, 1974, that the North Anna geological
fault zone was not capable and that construction
activities for Units 1 and 2 should not be
suspended. Intervenors have appealed that
decision to the Appeal Board.

After the decision on the faulting question by
the Licensing Board, public hearings on the
proposed construction of Units 3 and 4 were
concluded, the Licensing Board rendered a
decision and construction permits were issued
on July 26, 1974. The construction permits
include a condition requiring VEPCO to
complete and operate for one year a dense
seismic network to conclusively demonstrate
whether seismic activity is associated with faults
at the site and, if so, whether Lake Anna is
affecting that activity. The data from that effort
must be analyzed and the results published by

Di~~e i~vG O2'F
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VEPCO within 18 months. Construction of all
four units was suspended by VEPCO during the
year because of financial problems.

Faulting at Summer Site. In November 1973,
excavation for the Virgil C. Summer nuclear plant
revealed new evidence of faulting which
prompted a reevaluation of the adequacy of the
facility's seismic design features. On December 7,
1973, an order was issued by the Director of
Regulation to South Carolina Electric & Gas Co.
to show cause why construction work on major
structures should not be suspended until
completion of the investigation. The applicant did
not oppose the order and construction was
suspended. Subsequent review by the Regulatory
staff of the applicant's investigations confirmed
earlier findings on the adequacy of the seismic
design, and the order suspending construction
was rescinded on February 15, 1974.

Seismic Questions at Indian Point Site. In May
1974 the AEC received a petition from the
Citizen's Committee for the Protection of the
Environment requesting that the Consolidated
Edison Co. of New York, Inc. be ordered to show
cause why the operating licenses for Indian Point
Nuclear Generating Plant Units 1 and 2 and the
construction permit for Unit 3 should not be
revoked. The petition was based on contentions
that the design assumptions about earthquakes at
the site are erroneous or, at a minimum, of
doubtful validity. Of specific concern were the
assumptions that the Ramapo Fault is not a
capable fault and that the peak ground
acceleration value is 0.15g. The contentions were
investigated by the AEC Regulatory staff.
Following field trips, consultations with the
applicant and its consultants, the New York State
Geological Survey, the New Jersey Bureau of
Geology and Topography, and the U.S.
Geological Survey (advisors to the AEC), the
Regulatory staff concluded that the assumptions
used in developing the seismic design parameters
were valid and conservative and that the
assumed "safe shutdown earthquake" was
adequately conservative.

San Onofre Site Problem. In June and
September 1974 the Southern California Edison
Co. (SCE) advised the AEC Regulatory staff that
anomalous geologic features, possibly faults, had
been discovered during excavations for Units 2
and 3 at the San Onofre site near San Clemente,
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.O Calif. During the summer and fall of 1974, the
Regulatory staff and its advisors (the U.S.
Geologic Survey) and SCE and consultants
concluded investigations at the site. As a result
of these investigations, the Regulatory staff
concluded that the geologic features were not
capable faults and were not considered to be
hazardous to the safety of the San Onofre site.

Crystal River Flood Protection. Flood
protection became an issue during the operating
license review of the Crystal River Nuclear Power
Plant. The location of the plant on the Gulf of
Mexico, 70 miles north of Tampa, may be
exposed to severe hurricanes during the 40-year
life of the plant. The applicant (Florida Power
Corp.) and the Regulatory staff differed on the
methods of analyzing hurricane flooding and on
the protection level that should be required. Both
the applicant and the staff undertook extensive
investigation of historic hurricanes and their
storm surges. The issue was resolved by
incorporating into the design features that
provide protection to levels up to 33 feet above
local mean low water.

Offshore Nuclear Power Stations. The
application by Offshore Power Systems for a

Wlicense to manufacture floating nuclear power
plants and the application by Public Service
Electric & Gas Co. for a permit to construct the
Atlantic Generating Station at a location about 3
miles off the New Jersey coast have necessitated

F• evaluation of offshore sites. The requirements for
_;5 protecting plants at offshore locations during

severe storms are being established on the basis
of the applicant's extensive hydraulic model
studies and staff evaluation of the proposed
breakwater and its enclosed floating nuclear
plants. It is clear that the state of art of coastal
engineering is being extended in view of the fact

7- . that the breakwater will have to be capable of
withstanding extremely severe wave action in an
ocean environment. In addition to plant

D protection, there must be an assurance that the
presence of the breakwater does not alter
near-shore currents and change the pattern of
shoreline erosion. Extensive field measurements
and model studies are continuing.

-_ Standardization Developments

' During 1974, significant progress was made
toward the goal of standardized nuclear power

DZ y

plants which was enunciated by the Commission
in April 1972. The AEC regards standardization
as the single most important means for
minimizing the impact of the design and
licensing process on the overall schedule for
getting nuclear power plants on line.

The procedural options made available to
applicants by the AEC to facilitate the standard-
ization of nuclear power plants are:

" Reference System-a generic design of an
entire facility or major portion thereof can
be reviewed once and utilized repeatedly
by reference without further review in
individual applications for licenses.

" Duplicate Plants--the design for several
identical plants that would be constructed
within a limited time by one or more
utilities at one or more sites can be
reviewed once.

" License to Manufacture-the design of an
entire facility can be reviewed once for
manufacture at a central location. The
preapproved facilities can then be moved
to specific utility sites for construction and
operation.

As an expansion of the duplicate plant option,
a policy for "replication" was established in 1974.
Replication provides for the reuse of an approved
plant of recent design. The AEC regards
replication as an interim option with a duration
of perhaps 2 to 4 years before a sufficient library
of reference system designs is accumulated.

Each of these standardization approaches is
based on the reuse of approved plant designs.

In April 1974, the Commission issued proposed
rules to implement the Reference Systems and
Duplicate Plants options. These rules are
designated as.Appendices N and 0 of 10 CFR
Part 50. Regulations for the License to Manu-
facture concept were issued in 1973 as Appendix
M to Part 50.

A report entitled "Programmatic Information
for the Licensing of Standardized Nuclear Power
Plants" was made available to the public in
August. This report provides guidance for those
involved with the Reference Systems and
Duplicate Plants options regarding the prepara-
tion, staff review, and utilization of these
designs, and responds to many questions raised
by design organizations and utilities. An
additional document, "Policy and Procedures for
the Replication of Custom Plant Designs",
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provides guidance to those interested in
pursuing the replication approach to standard-
ization.

For the most part, the industry's response to
the Commission's standardization program has
been gratifying, particularly with respect to
manufacturers of nuclear steam supply systems.
By the end of 1974, all reactor vendors and a

limited number of architect-engineering firms
were participating in the standardization
program, and a considerable number of utilities
had applied for permits to build "standard"
plants. All standardization options were active,
including the replication approach. Table 3
indicates standardization applications under
review as of December 31, 1974.

ec

Table 3. STANDARDIZATION APPLICATIONS
UNDER REVIEW

(As of December 31, 1974)

Project Applicant Option *

GESSAR -------------------- General Electric Co. ---------- 1

CESSAR -------------------- Combustion Engineering ------ 1

Floating Nuclear Plant (FNP) 1-8 -- Offshore Power Systems, Inc. -_ 3

Atlantic 1 & 2 ---------------- Public Service Electric
Gas Co. ----------------- 3

Byron/Braidwood ------------- Commonwealth Edison Co. ____ 2

RESAR-41 ------------------- Westinghouse
Electric Corp. ------------- 1

B-SAR-241 ------------------- Babcock & Wilcox Co. -------- 1

WNP-3 & 5 ----------------- Washington Public
Power Supply System ------- 1

CherokeeiPerkins ------------- Duke Power Co. --------- 1 & 2

SNUPPS -------------------- Kansas Gas & Electric Co. 2
Kansas City Power &

Light Co.
Union Electric Co.
Northern States Power Co.
Rochester Gas & Electric Co.

SWESSAR ------------------- Stone & Webster ------------ 1

South Texas 1 & 2 ------------ Houston Light & Power Co..... 1

Jamesport 1 & 2 -------------- Long Island Lighting Co. ____ 2(R)

WUP 1-6 (Koshkonong 1 & 2) .... Wisconsin Elec. Power Co. ____ 2
Madison Gas & Electric Co.
Wisc. Pwr. & Light Co.
Wisc. Public Service Co.

Hartsville 1-4 ---------------- Tennessee Valley
Authority ---------------- 1

Palo Verde 1-3 --------------- Arizona Public Service Co. ____ 1

GASSAR -------------------- General Atomic ------------- 1

GESSAR-251 ---------- General Electric Co. ---------- 1

C.F. Braun SSAR -------------- C. F. Braun ---------------- 1

Date
docketed Commeets

7/30/73 Nuclear Island standard design

12/19/73 Nuclear steam supply system (NSSS)
standard design

715/73 Entire plant design

3/1/74 Reference FNP

9/20/73 Two duplicate units at each of two sites.

3/1174 NSSS standard design

5/14/74 NSSS standard design

8/2/74 Reference CESSAR

5/24/74 Six units located at two sites; reference
CESSAR

6/21/74 Five duplicate units located at four sites.

C

C

6/28/74 Standard balance-of-plant (BOP) designs
to mate with NSSS designs

7/5/74 Reference RESAR-41

9/6/74 Replicates Millstone 3

8/9/74 As many as six units to be located on
three sites

C

11/11/74

10/2/74

12/20/74

TVA/STRIDE, single site, references
GESSAR

References CESSAR

NSSS standard design; tendered 9120.74

2nd round NSSS standard design; ten-
dered 9/6/74

Standard BOP design for the BWR nu-
clear island

ýC

ci
1 = Standard Design
2 = Duplicate Plants
3 = License to Manufacture
R = Replication

Digitize 1b o g.
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* Other Applications and Reviews

During 1974, utilities tendered 22 applications
for the construction of a total of 45 nuclear
power reactors. Of these and previously
tendered applications, 20 covering 45 plants
were docketed for formal review after under-
going the AEC's acceptance review by which it
is determined whether the application is
sufficiently complete for docketing. At year-end,
two applications covering 2 plants were in the
acceptance review stage.

Several special projects also were under
review.

LMFBR Application Rejected

In November, the Regulatory staff declined
to docket the application to build the proposed
Clinch River Breeder Reactor Plant near Oak
Ridge, Tenn., because the application lacked
sufficient information for formal review. The
application for a permit to construct the

C nation's first large-scale demonstration liquid
metal fast breeder reactor (LMFBR) was

•c submitted to the Regulary organization in
mid-October by the Project Management Corp.
and the Tennessee Valley Authority, and
consisted of the environmental report and
site-related information from the preliminary
safety analysis report for initial review.

The major areas in the two reports
indentified as deficient in information were
concerned with meteorology, geology and
seismology, the aquatic environment, the
radioactive waste systems, and postulated

:E n accidents involving the reactor core.
Di-• Viý While rejecting formal docketing for a detailed

S • review schedule pending correction of the
deficiencies, the Regulary staff announced it
would proceed to review those sections of
the application and accompanying reports which
it deemed sufficiently complete.

The Clinch River facility is proposed to be a
380-MWe plant using a sodium-cooled, fast-
neutron reactor fueled with a mixture of
plutonium and uranium oxides.

Wilcox Co. of a nuclear reactor propulsion
system for merchant ships.

In April 1974, MARAD submitted a
preapplication preliminary safety analysis
report to the AEC for a licensability evaluation
of the use of this system in large crude oil
carriers. If the application of nuclear power to
merchant ships satisfies AEC reactor safety
requirements and U.S. Coast Guard requirements,
MARAD proposes to subsidize the construction
of three supertankers starting as early as
fiscal 1975.

The AEC pre-application review has
highlighted several areas that will require new
regulations or legislative changes.

The AEC and the U.S. Coast Guard are
developing a memorandum of understanding on
the licensing of nuclear merchant ships to
reduce duplication of effort in carrying out
overlapping regulatory responsibilities. As
presently proposed, the AEC would have
responsibility for radiological health and safety,
including nuclear plant safety, and the Coast
Guard would be responsible for ship safety,
ship design and operation and overall
environmental protection. Each agency would
be responsible for its own license and
certification conditions and its own regulations.
Each agency could call upon the special
capability of the other for assistance.

Generic Safety Studies

The Regulatory staff continuously conducts
studies of, unclear plant safety issues that might
apply to a class of reactor or all reactors, using
new information arising from reviews of
applications, operating experience and research
programs.

Emergency Core Cooling. In December 1973,
the Commission announced new requirements
for the performance of emergency core cooling
systems (ECCS) for light-water-cooled nuclear
power plants. These systems are engineered
backup safety features built into nuclear power
plants to provide emergency cooling for the
fuel in the highly unlikely event of loss of the
normal reactor coolant water.

In its decision after a 2-year public rulemaking
hearing (see AEC 1973 Annual Report to
Congress), the Commission directed that new

Original from
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calculations of ECCS performance using revised
evaluation models (for which certain required and
acceptable features are specified in the new
rules) be submitted to the AEC by August 4,
1974, for each operating plant for evaluation by
the Regulatory staff. The four water-cooled
reactor manufacturers developed the required
new ECCS evaluation models to be used to
analyze the various plants.

As a result of its review, the Regulary staff
found that some features of the new calculational
models submitted were not completely
consistent with the requirements specified in the
ECCS rule and identified modifications that
should be made. The ACRS also reviewed some
aspects of the models and reported that the
specific modifications required by the Regulatory
staff would make the models consistent with the
rule. In such instances, the ECCS rule provides
that the Director of Regulation will impose
changes in operating limitations for each reactor
to assure compliance with the criteria. The
operating limitations control the maximum
amount of heat that may be generated by any
given group of fuel rods in the reactor core.
The changes imposed by the Regulatory staff
could result in temporary reduction of power
levels for some reactors. Orders were issued
in late December 1974 to 45 operating plants
imposing the appropriate changes in operating
limitations. It is believed that operators of affected
reactors will be able in many cases to meet the
revised limits without derating power outputs
by making control rod adjustments, minor
changes in plant features, and other techniques.

Pressure vessel study. A Regulatory staff
report published in mid-1974, "Analysis of
Pressure Vessel Statistics from Fossil-Fueled
Power Plant Service" (WASH-1318), concluded
that the upper limit (99% confidence level)
probability of a disruptive failure in any one
nuclear reactor vessel during any service year
is in the range of one in a million to one in 10
million. The study used a conservative estimate
of the failure probability range derived from
experience with nonnuclear vessels and a
conservatively estimated factor of improvement
resulting from the superior quality level
achieved in the design and construction of
nuclear reactor vessels, in addition to the
available experience with nuclear reactor
vessels.

Fuel densification. The problems of nuclear
fuel densification which can cause undesirable
increases in uranium oxide fuel pellet
temperature (see AEC Annual Report to
Congress for 1973) have been essentially
resolved. This phenomenon resulted in
temporarily-imposed reductions of power for
several power reactors in the past two years.
Major advances in fuel manufacture have been
achieved from experimental studies sponsored by
U.S. vendors. Changes in the fabrication process
have produced more stable fuels, and
improved analytical methods have been
developed to assess densification effects in older
fuels still in use.

Other safety studies. At year-end, the
Regulatory staff was completing or continuing
studies on a variety of generic topics including
fuel rod bowing, anticipated transients without
scram, protection against missiles generated by
tornadoes and turbine failures, potential
explosions on transportation routes near
reactor sites, and protection of plant control
rooms from potential releases of hazardous
chemicals used in power plant operation.

New fuel assembly designs from some of the
vendors were reviewed and approved during
the year. The new assemblies feature more fuel
rods of proportionately smaller diameters. This
produces improved safety margins by achieve-
ments of a lower linear heat generation rate,
a lower centerline fuel temperature, a smaller
inventory of fission gases within the fuel rod,
and a larger margin to critical heat flux.

During the year, substantial Regulatory staff
effort was devoted to a technical review of the
draft report on the Reactor Safety Study
(Rasmussen Report) sponsored by the
Commission, which was released in August
(see chapter 5 of Part I, "Operating and
Developmental Functions"). Regulatory
comments were supplied to the AEC's Reactor
Safety Study staff.

Environmental Protection Activitie!

In August the AEC placed in effect a new part
to its regulations (10 CFR Part 51) which
implements new guidelines of the Council on
Environmental Quality concerning the
preparation of environmental impact statement!
and consolidates as far as possible all policies
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THERMAL SCANNER IMAGERY
SURRY NUCLEAR POWER PLANT

1110 LOT 17Z•0 LT 08:C
MARCH 14, A974 MAH 14.19714 MARCH

Environmental effects- scans taken from an Aerial Radtlot
thermal patterns in: the effluent cooling water stream from

and procedures for implementing the National
Environmental Policy Act in AEC licensing and

_ public rulemaking proceedings. The regulation
D•. was published in proposed form in November

1973 (see AEC Annual Report to Congress for
1973, page 59).

Regulatory environmental reviews frequently
result in conditions in construction permits:and

-> -• operating licenses which require licensees to
take specific measures to protecttheý

-. •environment. These may range from the
relocation of transmission lines and upgrading
of construction practices to major modifications
such as the redesign of condenser cooling
systems, water intake structures, and. radioactive

D waste systems.
:- • The sudden imposition of a brOad range of

environmehtal protection requiretents three
years ago to fulfill NEPA requirements as

- mandated in the, Calvert Clifs court decision
contributed to a major nuclear power plant
licensing logjam. The backlog of environmental

* reviews thus created was. eliminated by the fall
, .. of1973 through management initiatives and

Regulatory staff augmentation, Further-

-U--e byQGoogke, . , , ,

IEDT

S, 1974

de: 2.000 kfeqt
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Vgcal Measuring Sstem plane showing surface water
the Surry. (Va) nuclear power plant on the James. River.

efficiencies introduced.in: 1974 with the new
limited work authorization proceddres provided
for expedited environmental reviews which are
reducing the time involved in thisarea to a
minimum as: a pacing factor in the licensing
process.

Proposed AEC-EPA Coordination

In November, the AEC issued for public
comment a proposed second memorandum of
understanding with the Environmental Protection
Agency on carrying out each agency's
responsibilities under theFederal Water
Pollution Control Act amendments of 1972.

In. view of some duplication of information

needed in AEC and EPA licensing procedings,
the proposed m emrandum provides for
development of EPA regulations and procedures.
for issuan.ce of"preliminary determinations" on

the water quality and biota impacts of nuclear
projects. These determinations would be made
as far in advance as possible before AEC actions
authorizing construction or licenses, :in contrast
to the present practi cetof reuiring such

" " •"" rr lna rom "
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determinations when a plant is ready for
operation-some six years after the start of
construction. In this way, significant changes in
plant design or location following the AEC's
environmental review, and possibly after
construction has begun, could be avoided.

The proposed agreement provides for
procedures to see that environmental reports
submitted to the AEC with nuclear facility
applications contain sufficient data to meet
both EPA's and the States' need for FWPCA
review purposes and the AEC's needs for
preparing environmental statements. It also
provides for consideration of holding combined
or concurrent hearings on EPA's preliminary
determinations and AEC's construction permits;
close contact between the agencies in
environmental reviews; and cooperation with
State and regional authorities to assure timely
issuance of required water quality certifications
under section 401 of FWPCA and discharge
permits under section 402.

(On December 9, 1974, the U.S. Court of
Appeals for the 10th Circuit ruled in Colorado
Public Interest Research Group v. EPA, that
EPA is required by the provisions of the FWPCA
amendments to issue radioactive effluent
discharge permits for individual nuclear power
plants.)

Antitrust Activities

The AEC is required by the 1970 amendments
to the Atomic Energy Act to conduct
prelicensing antitrust reviews of all applications
for nuclear reactors or other production or
utilization facilities for commercial use. The AEC
holds a hearing when recommended by the
Attorney General and also considers whether
antitrust issues raised by other persons should
be the subject of a hearing. Antitrust hearings
are held separately from those on environment,
health and radiological safety matters.
Antitrust reviews are conducted concurrently
with other licensing reviews to prevent this
activity from becoming the controlling factor
in the time required for the licensing process.

The antitrust review by the AEC and the
Attorney General focuses on whether or not the
activities under the license will create or
maintain a situation inconsistent with antitrust
laws or policy underlying those laws.

01ilze b GOOgkl

Hearings

During the past year, an Atomic Safety and
Licensing Board completed the first antitrust
evidentiary hearing (Consumer Power Co.'s
application to construct Midland Units 1 and 2).
The board held 47 days of hearings. An initial
decision is expected in early 1975.

An evidentiary antitrust hearing was also
undertaken in connection with Alabama Power
Co.'s application to construct Farley Units 1
and 2. By the end of the year, 11 days of hearings
had been held in connection with this
application. Prehearing conferences for another
hearing, scheduled to be undertaken in 1975,
(Davis-Besse and Perry Units of Cleveland
Electric Illuminating Co. et al.) were also
conducted and pretrial discovery started.
In addition, a show-cause hearing for Louisiana
Power & Light's Waterford 3 Unit was held. In
the Waterford case, after an initial decision by
the licensing board, the Director of Regulation
was authorized to issue a construction permit
with certain antitrust conditions.

Antitrust proceedings for other facilities
involving two other applicants (Duke Power Co.
and Georgia Power Co.) were terminated upon
settlement on license conditions in lieu of an
evidentiary hearing.

Antitrust Review

It is significant that during 1974, while the
Attorney General rendered antitrust advice in
connection with 21 applications, in no case did
he recommend a hearing. In connection with
10 applications, the Attorney General
recommended that no hearings be required
provided that certain commitments made by
the applicants to the Department of Justice
are imposed as AEC license conditions.
At year end, the Attorney General had under
review 15 additional docketed matters.

Early Submittal of Information

On September 25, 1974, the Commission
published in the Federal Register amendments
to its regulations that provide for earlier
submission of information needed for the
antitrust review of applications to construct
and operate nuclear power plants. They require
that the information requested by the Attorney
General be furnished to the AEC at least 9
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months, and may be furnished as early as
36 months, before other parts of the construction
permit application are filed for acceptance
review. This early filing will permit the Attorney
General and the AEC to complete the antitrust
review process, including hearings where
necessary, in advance of or concurrently with
the other reviews.

Indemnity and Insurance

The Price-Anderson Act of 1957 provides for
a system of private insurance and government

Dh indemnity totaling $560 million to pay public

liability claims for personal injury and property
damage in the unlikely event of a major nuclear
incident. In anticipation of the expiration of
the Price-Anderson Act on July, 31, 1977, the
Joint Committee on Atomic Energy conducted
public hearings in January and March 1974 on
a number of possible alternative approaches to
provide financial protection to the public.

00 In May, the JCAE held hearings on proposed
);5,1 legislation submitted by the AEC to modify

and extend the provisions of the Price-
S61 Anderson Act. The bill (H.R. 15323) as finally

passed by the House and Senate provided for
a 5-year extension of the Act to August 1982,
with the following major changes: Government
indemnity would be phased out for most
licensed commercial facilities as private
insurance became increasinglyavailable; the
current $560 million limit of liability would

3 •float upward as new reactors were licensed by
the AEC with no ultimate fixed limit on
liability; and indemnity coverage would be

D; D' extended to certain nuclear incidents that might
occur outside U.S. territorial limits. The
legislation also provided for the AEC to
establish retrospective premiums to be assessed
against facility licensees. These premiums would
be collected in the event of a nuclear incident.

D • Due to a provision of the extension bill
which would have allowed the Congress by
concurrent resolution to rescind the legislation

- within 30 days after the JCAE submitted its
evaluation of the Rasmussen Reactor Safety
Study, the President vetoed the legislation on

-) • October 12. Although he expressed support of
all other provisions of the bill, he viewed the
rescission feature as violating the Constitution
by requiring, in effect, final approval of the

2

President before the Congress had given its
final approval of the legislation. He also expressed
concern that this feature would place the
source of funds for prompt payment of public
liability claims in doubt and that uncertainty
over nuclear liability protection "would also
adversely affect that private investment which
will be necessary as nuclear power assumes its
vital role in meeting the nation's energy re-
quirements.'

The JCAE announced on November 20 that
it would not seek to override the President's
veto during the 93rd Congress. joint Committee
members expressed their complete endorsement
of ihe substantive features of H.R. 15323 and
recommended that the legislation be given
priority consideration upon the convening of
the 94th Congress.

The AEC is studying, as requested by the
JCAE, the feasibility of extending Price-
Anderson indemnity coverage to possible
incidents arising from the illegal diversion of
nuclear materials.

1974 Indemnity Operations

As of December 31, 1974, 116 indemnity
agreements with AEC .licensees were in effect.
Indemnity fees earned by the AEC during the
year totaled $3,314,515, bringing the total fees
collected since inception of the program to
$8,990,419.

No claims have been made under the AEC's
indemnity agreements with licensees during the
17 years of the program's existence.

Premium Refunds

During the year, the two private nuclear
energy liability insurance pools paid to policy
holders the eighth annual refund of premium
reserves under their Industry Credit Rating Plan.
The refunds total $1,434,580, which is 68.8
percent of all the premiums paid by the affected
policyholders in 1964, and approximately 97.5
percent of the reserve established from these
premiums.

Under the rating plan, a portion of the annual
premiums is set aside as a reserve for either
payment of losses or ultimate return to
policyholders. The amount of the reserve
available for refund is determined on the basis
of loss experience of all policyholders over the
preceding 10-year period.

Orig ina from
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Advisory Committee on Reactor
Safeguards

The Advisory Committee on Reactor
Safeguards is a statutory body made up of
experts in the various disciplines needed to
conduct reviews related to the safety of nuclear
facilities. Its purpose is to provide advice to the
Commission concerning the hazards of proposed
or existing reactor facilities and spent fuel
processing plants and the adequacy of proposed
reactor safety standards, and to perform such
other duties as the Commission may request.

In addition to review of license applications
referred to it in accordance with Section 182b
of the Atomic Energy Act, the ACRS continued
during 1974 to provide input to the Commission's
program for developing safety-related standards
and guides and the review of standardized
nuclear plants as well as proposed changes in
the regulatory program to provide for more
effective review of standard plants. The
committee has provided advice and recom-
mendations regarding several generic matters
related to water-cooled power reactors, including
a report on the integrity of reactor pressure
vessels for light-water power reactors, a summary
of the status of unresolved generic items related
to these facilities, and reviews of the safety
research programs for both water-cooled and
liquid-metal-cooled breeder reactors.

During the year, the ACRS held 12 regular
meetings of the committee, 1 special
meeting of the full committee and 103 meetings,
site visits and facility tours by subcommittees and
working groups. These meetings included one of
the biological and environmental effects of
plutonium, and several related to the environ-
mental effects of nuclear plants including the
transportation of spent nuclear fuel, the adequacy

of modified reactor fuel designs and various
other generic matters in addition to the specific
projects reviewed.

During 1974, the ACRS provided reports on
10 licensed nuclear facilities related to plant
operation and reports on 14 power reactors at
the construction permit stage of review. These
efforts included preliminary review of the
Atlantic Generating Station, the first proposed
offshore floating nuclear power plant, and the
Gas-Cooled Fast Breeder Reactor concept.
The ACRS also provided reports to the
Commission regarding operation of the
A4W/AIG-USS NIMITZ class nuclear powered
aircraft carrier, an advanced nuclear steam
supply system for nuclear-powered merchant
ships, and a continuing evaluation of
the Savannah River production reactors. In
addition, the committee approved and/or
provided comments on 15 Regulatory Guides
and proposed analytical models to implement
final AEC criteria for emergency core cooling
systems.

The committee implemented a policy whereby
a large number of internal ACRS documents
relating to its activities will be made available to
the general public with a minimum number of
deletions. These few deletions will be made in
order to protect the collegial nature of the
committee's deliberations. In addition to this
effort to provide the public with a more complete
understanding of the nature and scope of its
activities, the ACRS and its subcommittees held
93 meetings during 1974 that were open to
members of the public. Comments from the
public were received and considered at several
of these meetings.

Members of the ACRS also participated in
several foreign and international meetings dealing
with the design, fabrication and inspection of
nuclear steam supply systems and their
components.
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1975 REGULAR SESSION Ch. 464

Statutes--Technical Amendments

CHAPTER 464

An Act to amend the agriculture find markets law, the commerce, law.
the education law. the onvironmental conservation law, the execu-
tive law. the general municipal law, the highway law, the perks
and recreation law. the public lands law, the public service law.
the public authorities law, the transportation law, the New York
state defense emergency act, the transportation capital facilities
developnmpt act, and chapter (our hundred thirteen of the laws
of nineteen hundred sIxty-five, entitied "An act to provide for 4n
interstate compact with the states of New Jersey and Connecticut
to create tbs trn-state transportation commission and prescrbinx.
the functions. powers and duties thereof and to repeal chapter
three hundred smLxtee of the laws of nineteen hundred sixty-four,.
entitled 'An act to provide for an Interstate compact with the
states of New Jersey and Connecticut to create the trl-state trans-
portaUon commisaion and Prescribing the functions, powers and
duties thereof', relating thereto", and to reali artlctis sixteen.
nineteen.* and twenty-six of the executive law, In reOItion to
transferring certain local services and functione now provided byh
the office for local government and the comnmnissover thereof, anod
the Office of plannoln services and lbs director thereof, to the do-
partment o, education and the Commissioner thereof, the depart-
ment of state and the secretary thereof, snd the division of the
budgret and the direotor thereof, and abolishing the office for loeal
government and the office of planning seryice., certain of their
functions, and functions previously performed by the commissioner
of local government and the director of the office of planning serv-
ices,

Approved July 1, 1975, effective an Provided in section.

The People o f, the Stat. of Now. York, repre•ented in Semawt an"
Assembly, do enact as follows:

Section 1. Th• executive law ie hereby amended by adding thereto
a new article, to be article six-a, to read as follows:

ARTICLE 0-A-SERVICES TO LOCALITIES

Sec.
150, Lesgislative findings.
151. Definitions,
152. General functions, powers and duties.

153. Specific powers, functions aind duties.

154. Comm%nity affairs advisory board.

156. Fire services advisory board.

t 150. Legslativ findings
The Iegislature heouby finds and declares that:

1. Strong local government has been a major positive factor in the

political, economic and social development of the state;

2. The future welfare of the state depends in large measuze on the
effectiveness of local government and uf its relntionships to state gov-

ernment•

deletioss by e 669
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3. Population shifts and other economia and social treands have
brought new problems to local government:

4. The state has the responsibility toward local government to
coordinate state services and information for the benefit of local govern.
ment, to assist in the solution of its problems, and otherwise to help
local government in making itself as strong and effective as possible;

5. The need for a more rational planning process reqniros a high
de!ree of local, state and interstate cooperation;

6. The need for -a single state agency to review and cormment'on
local planning efforts of statewide significance, state agency planning
sad intorstate planninF commission pro•,rams is recognized;

7. A common data base developed by the official state planning
agency in conjunction with planning efforts at all loyola of government
is easential to effcti've planning; and

8. Slate planning and development policies should promote planninS
programs among state agencies and between levels of government that
maximize environmental and economic benefits to the localities.

§ 151. Doffs/ieuto

As used in this article, the term "municipalities" shall include public
corporations as defined in sobdivislon one of section sixty-six of the
general construction law and special districts as defined in subdivision
sixteen of section one 'hundred two of the real property tax law.

159. General functions, powera and duties
• ,e os~t tate,lby and tbrough M • aretary 'pt state or

duly-autborizes sex'e ereploees| shall'Hav the tofluowian ftwe-
tions. powers and duties :

1. To assist the governor in coordinating the activities and services
of those departments and agencies of the state having relationships
with municipalities to the end of providing more effective services to
such municipalities.

2. To keep the governor informed as to the problems of municipalities
and to advise and assist in formulating policies with respect thereto
and utilizing the resources of the state government for the benefit of
municipalities.

3. To serve as a elearinghouse, for the benefit of municipalities,
regarding information relating to their common problems and to the
state and federal services available to assist in the solution of those
problems.

4. To refer municipalitles to the napropriate dciartmeants and
agencies of the state and federal governments for adviee nasistance
and available services in connection with patliculua problems.

5. To adviae and iassist municipalities in the solution otf particular
proble-is.

0. To conduct studies and analyses of the problems of munnicipalities
and to make the results thereof available as the secretary may deem
appropriate.

670 Changes er aditionu, In text are ladlostod by underline
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7. To eneourage and assist cooperative efforts among municipnlitics

in developing among themselves solutiona ot their common prohlonms.
H. To emenouraKe expansion and iiniproventent of training iatdelo

av'ilable to municipal officials, in cooperation with municipalities and
I-hi organizations representing them.

!). To !onmult with and cooperrate with lun ieilmlities alnd offt'it'r
organi .ations, groups trnd individluals reprmsenting them, to the end
of more effectively carrying out the runetions, powers and duties of
I ha department.

10. To encourage and facilitate vooperntion and coilaborationl
among agKeneisq and Invels of government, and between government9
mid the private seator, for the protection and development of huma',
natural and man-made resources.

11. To advise and assist municipalities in the performance of their
planning and development activities.

m2. To aid and assist, in the provision and 0oordinaition of state
teohnical. assistance and Nervices in connection with the planning and
iev.eloppent activities df inunicipali ties.

13. To provide assistance and guidanee to municipalities and, as
appropriate. to the private sector, through the compilation, fornmla.
lion and dissemininlion of necesar-y information, projections and tech.
uiques relating to developmnent of resources. .

14. To undertake any studies, inquiries, surveys or anealyses necesanry
'or performane, of' the functions, powers and duties of the departnment
through the personnel of the department or consultantm, or in coopurn-
tinn withany public or private agencies.

15. To adopt, amend or rescind such rules, regLulations and orders
as may be necessary or convenient for the performance of its functions,
powers and duties under this article.

10. To enter into coitradts iwith any persons, firml corporation 1r
governmental ngeni:y, ond to do all other things necessary' or convenient
to carry out the functions, powers and duties expressly set forth in
this article.

17. To o'feooinato the purposes of this article, and to enable the
department properly to carry out its functions. lxjwerR and ditties, the
sccretary of state iMay rmiduost from any stato department or agency or
from an municipality, and the same are hereby authorized to pro vide
appropriate assisrance, ureIvices anl ilta.

ma. ro coordinate the proprams and activities or dlepartnients, divi-
.dions. hoards. hmmlrma,, commissions or ngencieH of the state or of' any
immnicipality of the state in providing fire safely information, publicit.
and instruction and lo ,oitwirnte with 'ederal or private agencies and
voilmniary eaommmittee. irovidinLm sneh infurnmutinn. imbliitv anil instrime-

I

11?. ro mnintain liaioit with Ipblis emil private agenein.s or commit-
toes concerned with the developnent ur execmtion of plans and programs
for providinK lire snl'ety information, imblicity and instruction and ti)
la~iat in the ,l(vvoloimnmunt and1 ,xecm.tion of" a,,oh Initaa ,mmim nroL~rnmmm.
amit in the 41cMIJIMient und Pxecution of suelt v)l&ng 1111(l nrommin.g.
deletloans bye44taees. 671
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20. To organize, operate, maintain and to encourage and asist in b

the or'anization, operation or maintenance of special services anfi,
programs for firemen as well as the appropriate facilities therefor.

21. To make studies and analyses and develop and execute and 2

assist in the execution of plans for the efficient utilization of the re-
sources and facilities ot the state in matters related to fire safety
and fire mobilization and control. n

22. To prepare and recommend to the legislature and the gover- 9
nor lexislative prposals relating to municipalities r

23. With the approval of the governor, to accept and administer
as agent of the state any gift, grant, devise or bequest, whether con-
ditional or unconditional, ineluding federal grants, for any (if the pur-
pmses of this article. Any moneys so received may be expended subject
to the same limitations as to approval of expenditures and audits as
are prescribed for state moneys.

153. Specific powers, functions and duties 9
The department of state shall have the following specifie powers, i

functions and dutie. .h

1. (a) To act as the official state planning agency for all of the r
pourymes of sections seven hundred one and seven hundred three of the e
federal housing act of nineteen hundred fifty.four, as heretofore and ti
hereafter amended, except as otherwise provided by law.

(b) To act as agent for, and enter into contracts and otherwise co- 5
operate with, the federal government in connection with the authority r
referred to in paragraph (a) of this subdiviaion, and as sewh agent to -
administer any grant or advance of funds for the assistanoe of any II
such activities to the state, or through the state to the governing bodies II
of mmnicipalities, legally constituted metropolitan or regional. plannin
agencies, and tribal councils or other legally constituted trihal bodies Ll
for planning for an Indian reservation located within the territorial
juriediation of the state of New York, complying with the provisions of
such grants or advances. 5

(e) To present any claim, other than claims required by law to be r
presented b, the commissioner of transportstion, to the federal govern- Ii
ment or any agency or official thereof with respect to the futids made d
available for the purposes specified in paragraphs (a) and (b) of this L
subdivision.

(d) To enter into a contract or contracts with any *municipality,
legally constituted metropolitan or regional planning agency, or tribal
council or other legally.constituted tribal body for planning for an In-
tlian reservation located within the territorial jurisdiction of the state
of New York, in connection with the authority provided in paragraph
(a) of this sabdivision for grants to he made to such municipality, plan-
ning agency or tribal council or other legally constituted tribal body by v
the state, within amounts appropriated therefor, for planning projects e
approved by the secretary, which contracts shall provide that the ar,- t.

proved coast of a planning project, over and above the amount which may g
•qr¢Chu *laaat or additiona s In Uft are Indicated k• underline d
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be received from federal grants therefor. shall be borne in an amount not
to exceed one-half thereof by the state pursuant to such contracts and
the remainder thereof out of local funds appropriated therefor by such
municipality, planning agency or tribal council or other legally con-

stituted tribal body.

2. To act au the official agent of the state for the purpoeo of ad-
ministering, carrying out and otherwise cooperating with the federal
government in connection with the provisions of the federal Appalachian
reinal development act of nineteen hundred sixty-five as heretofore
and hereafter amended; to apply for, accept, and expend funds made
available by the federal government pursuant to such federal acts and
enter into any necessary contracts or compacts in connection therewith .
and to take any further action which may be required under the terms
of any such federal act.

:3. To act as the official agent of the state for the purpose of ad-
ministering, carrying out and otherwise cooperating with the federal
government in connection with the provisions of the federal public
works and economic development act of nineteen hundred sixty-five, as
heretofore and hereafter amended; to apply for, accept, and expend
funds made available by the federal government pursuant to such fed-
oral acts and enter into any necesary contracts or compacts in connee-
tion therewith; to review and approve overall economic development
programs prepared under the provisions of such federal acts as to the
qualifications of the area or district organization and the adequacy and
reasonableness of such program&, and every political subdivision of the
state, or private or public eon-profit organization or association sub-
nitting an overall economic development program to the fedriral govern-
.nent must submit such overall economic development program for re-
view by the department of state; to act on behalf of the political sub-
divisions of the state in connection with making findings that projects
for which financial assistance is sought under the provisions of such
federal acts are consistent with an overall program for the economic
developmunt of the ares; asid to take any further action which may be
required under the terms of any sucn federal eta, actudmi[ ot not
limited to delineatin economic develo..en• u .... ,s,,u econ'nue

development regions xnd providing for the administration of such dis.
tricts and regions in any manner deemed appropriate byi the depart-
ment, except that with regard to section three hundred two of such act,
the governor shall designate the official agent of the state for the pur-
Pose of administering, carrying out and otherwise cooperating with
the federal governreat in connection with the provisions of such section.

4. To nut is the o'ficial agent of the state for the purpose of il-
ministering, carrying out and otherwi4e cooperatinhg with the federal
government in connection with the provisions of the federal fire pro-
vention and control net of nineteen hundred seventy-four and any fed-
oral laws amendatory or supplemental to such act hereafter enacted;i
to apply ror, accept, and expend rurids made available by the federal
vovernment pursuant to such act; and to enter into any nenessary con.,

deletions by .44neihesia67 ,673
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tracts or compacts pursuant to such federal acts in connection therewith
and to take any further action which may be required under the terms t
of any such federal act.

5. (a) To make or contract to make, within appropriations therefor,
state greats to municipalities to cover fifty per centum of the costs 7
to municipalities of preparing applications to the federal government for
federal assistance for the planning of comprehensive city demonstration
programs as authorized under title one of the demonstration cities and
metropolitan development act of nineteen hundred sixty-six as modified
by the provisions of title I of the housing and community development
act of nineteen hundred seventy-four, and any federal laws as hereto- d
fore and hereafter amended, as such costs shall be certified by the mu- 1:
nicipality and approved by the seeretary of state.

(b) In the case of municipalities which have contracted with the
federal government for a federal graat to assist in financing the costs
of planning comprehensive city demonstration programs under the author-
ity referred to in paragraph (a) of this subdivision, to make or contract
to make, within appropriations therefor, state grants to such municipa•i-
ties to cover fifty per centnma of the net cost to the municipality of
undertaking and completing such planning, exclusive of any federal
assistance, as such net cost shall be certified by the municipality and n
approved by the secretary of state, but in no event shall such state
grants exceed one-eighth of the federal grant. .

(a) In the case of municipalities which have had applications ap- f
proved by the federal overnment for federal assistance for the planming
of comprehensive city demonstration programs under the authority re- '
ferred to in paragraph (a) of this subdivision, but for w qich federal
funds are not then available, to make or contract to make, within ap- t

propriations therefor, state grants to such municipalities in an amount
not to exceed ninety per centum of the reasonably anticipated costs
of undertaoking and completing such planning, as. such costs shall be r
certified by the municipality and approved by the secretary of state;
provided, however, that no such grant shall be made unless the mu- h
nicipality agrees to repay such grant out of federal funds made available
to the municipality for such planning, when and to the extent such a
federal funds are made available.

(d) In carrying out the functions, pOwers end duties prescribed in
paragraphs (a), (b) and (c) of this subdivision and in developing plans
and applications under title one of the housing and comnmnity develop- y
ment act of nineteen hundred seventy-four, to provide such technical t
assistan-e to the muni ipaiities as the secretary of state determines to tL
be appropriate.

6. The department of taxation and finance is hereby designated to
accept and receive all grants and advances from the federal govern- 5,

meet pursuant to the provisions of sections seven hundred one and
suven hundred three of the federal housing act of nineteen hundred
fifty-four and the provisions of the federal Appalachian regional de-
velopmeut act of nineteen hundred sixty-five and the federal public

674 Changes or additions I" test are Indieated by underline d
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%virkaa midl 14-011ia6e alM-1tje elat niet of lliUlateea hl ii lah'ul adixtyv-'i vie 1.1
111(l fellel'fi r'i-lb. |J-ltl-,.qtallot Imltt ml , otlhO ir.t ofit' n ello.0tes himltl red| t'iveIt•'-

I'm', am muieh nt.m lnnv he iiei tarmi I from Im tiiite., which nre proviil '
frI Iha t nairion. .qact'i fell il .st hilivi.iaias one. two. tIlare, fat'r m•u rfive.
It i llix Apeliall 114tll nil]tmote_ so ueerptcd nnil receiveid xhall ho ihtllntailel :.
))V flip clellutihnt il ior tait itigill i :iiai rfi ma •il •t-i, rt1la foir iigi. ex-
.luaaively laor thle mirlpomes I'or whili aliah grarnts oit nlhtmtt,.es we'rt Itidel.
Pkayent from mieh perianl runil. shall lie made upon tnalit and wnrrant
a.' thie onllrolhuli' nua i vniiiih ut approved lbv tho ai'riinrv.

7. a' ohiml mla m ail ell ill I hls asertion .ahall Ii afecillel to ,lerJl.ait a or
,)wlrnit in nity iav from 111ow itr I, lons, lotwtrs 1ait1a aihie a prirbed by
litiv of nny ailta ileiina'tieut or stniaauy or atnyv m!-eiaaeiptlitv, aor ito eaitor
t"illit or lirtilaaId lhe ilim'et retnlnotituhips of amy ntich chel irtmeat. or
atl.i'eiy wilh i-i.y .itiih i iciat lit y for lliaa arrying oaL of stch rilictions.

JH)WAM ai alit)11titat.

§ 154. Community affai•x advisory board
1. The govirior shall aimiat otaaOltnitty aflairs alvisot'Y hoard

for the ilsrimotie idt taviim. aind .iattia3at tihe •cetritlnray l" state i'a hei
teiniv ra"l'|(t1i.a trom Iunn to liuu.. (a) iii ectryjait nait the Fia.'lioata. towlOirs
and dilliva of the deptartmentt set forth iii this F.ticle, (h) in evahtlmthtg ti n
mtid ma-kin .g reimaiendntion. no tI'ileirl ctil ,t•att lAigA titlinn reiating aI

La annaicittli t .c. Iie) in evnatting .ad making reomumemldaliont an oI
ial'iadl illtd all it roaT'ait.t namlinistered i y Ihi ulpimtiuhttiieit 1l' ta1te ".

tall'Aut iit to this alrlieila 1t1i11 oai imeh othir l'tlnrati :tta I a nd rtnt t r lua'lwta.
riltative to 1ii ia itil.it liit'.l ii faill i on siaeh other nmttema tit the sene- rf

tarv 4hadl deternvatiiiic.

2. The aituritat •illi ,nnai.t atif ji|ie atuihmerti to he aijtpnihed by the " lii
aeovitmrno. tay atatat wii~th ip tadr' natiii ti tit a'iaaat of that titiaite. r'Iim tttim -a

rntatry ot' .tatlt otl his delplcagnt Khnll Ant ns .erelatiaat for Iht ho rt, II..,
'T'he goveraar t.itll diguna it t ihiir|,erson liotat than uileaharwa-a or thor e.j:
iintrt to staivo :ix mith at Ill lta: hi'atlrv oit the a.ovItriaor.

3. l oilil ithe lemher, of Ihli alvisora__hourd tlhe .o•n'prlr a

A prit iliovide re'-nUseim tail it l' ro a countie.s. rities, I(owns mnill il••ra wt
till ant ita11'ai'itP l ilt tat Itr lie roit I i nrt C 1rita M ' t he Mattle ill :ill local a

govrnmenntan s.
I. All II iiabtam itt f I he thlr iory board shall •aerve for lt1"nit•1 of three i

tLyoatr, suth tirrmi to eottlnenei oia Arpril tirsit tinn expire on Mareh

.Iqtsirt,'- tirai tiovithal. Itowavi-r. Ilu1t ot file iuethiil' 'irtal a l.loiatteal
IhItte shallm ia amllSi',tail ror otle-i'ear lelt.is'i.xiair.ig im, nh'h thirty-
f'irs.l 11itilla, lit•tit1r-I u•vevvtulv-gix, and11t t h Imt'o .l tt, jitL a ontiil for
tmwa yetr ltetrms ext iiri-i on Mareh thirmy-first., aitaa'teen hinlh'0d =eac vntIV-

•i. That :aldvisory hanr'd shall mieut rig1t1arh" "f hInst I'm'. taitleq in

inch v'ur. ,Nimmil meietitigs naiy be ralled hlv tie a haitporson and ,lhall
lie ttallett at the reaapit.at ol' tha me'•t-tarv of satate. The .ttoda and nmet-
iw' ilaoe oa' all r'eagnlair or sl,.itial aitia''.atags shall lie lade available to
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the public in advance of such meeting, and all meetings of the advisory 8
board shall be open to the public. the

6. No member of the advisory hoard shall be disanalified rrom hold- ex1
ing any other public office or employment, nor shall any such office of
employment be forfeited by reason of the members appointment here- ma
under, notwithstanding the provisions of any general, special or local laI
law, ordinance or city charter. for

7. The members of the advisory board shall receive no compensation 2
ma

for their services but shall be allowed their actual and necessary ex- Wit
penses incurred in the performance of their duties hereunder. des

me
§ 15; fire sercvies advrsory board kat
1. The governor ehall appoint a fire services advilsory board for the the

pltuToe of advising and assisting the secretary of state as he may re- of
quest from time to 'time, (a) in earryingt out the functions, powers and sor
duties of the department with respect to fire safety services, policies and
programs, (b) in evaluating and making recommendations on courses of by
instruction for training of fireman of fire departments of the state, soy

publie corporations and districts, and private industry, (e) in evaluating

and making recommendations on federal and state legislation and pro- antnix

grams relating to fire safety service, policies and programs, (d) re- ma
viewing and approving the state building conservation and fire preven- qua
tion code, and (e) upon such other matters as the secretary msay requesat far

2. Sueb board shall consist of thirteen members to be appointed ,y
the governor, by and with the advice and consent of the Senate, for thr
ternis of three years, such terms to commence on April first and expire han
on March thirty-first provided, however, that of the mtmbers first swl

appointed four shall be appointed for one-year terms expiring on March foi.
thirty-first nineteen hundred soventy-aix, and four shall be appointed the
for two year terms expiring on March thirty-first, nineteen hundred rlo!
seventy-seven. The "vernor shall designate one member of the board
as the chairman thereof. The secretary of state or his delegate shall .
act as secretariat for the board. The governor shall designate from. Hsi
among the members of such board a chairman who shall servo a3 chair- thia
man at the pleasure of the governor. the

3. The membership of such board may include representatives of
civic and fireman's organizations and state and local officials. fill

4. Such board shall meet regularly at least four times in each year.
Special meetings may he called by the chairman and shall he called by p
him at the request of the secretary of state. The agenda and meetina en,
place of all regular or special meetings shall be made available to the ter
public in advance of such meeting, and all meetings of the advisory [noboard shall be open to the Public. In',

5. No member of such board shall be disqualified from holding any
other publie office or ,tmployrnont, nor shall he forfeit any such office thi,
or employment by reason of his appointment hereunder, notwithatandin Ila
the provisions of any general, special or local law, ordina.ce, county p
or city charter. 13r1
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G. The members of such board shall receive no cotpesation for

their services but shall he entitled to receive their actual and vteeossazy
expenses incurred in the perforntce of their duties hereunder.

§ 2. - Suhdivision two of section thirty-one-d of the agriculture and
,markets law, as added by chapter four hundred thirty-seven of the
laws of nineteen hundred seventy-three, is hereby amended to read as
follows:

2. The coinaission shall consist of fifteen voting members. The
members of the commission shall be appointed by the governor by aid
with the advice and consent of the oenate. The governor shall also
dlesignato one of the members as chairman. The term of office ot each
maember shall he three years. The coinimissioner of agriculture laid mar-
kota, the ieeFeo& e4r o e oi'4 e .1 pJaf.fiing septaxwee, secretary of state. "
thu delt of the N'ew York state college of agrienlturi, the comnmissioner" i
of commerce and the cominisasioner of environmental conservation shall
serve ais non-voting ,nemtiers of the conmmission.

§ 3. Suibdivision two of section thirty-one-a of such law, as addd I
by chapter four hundred thlirty-seven of the laws of nineteen hundred 4.
seventy-three, is hereby amended to read its follows:2. To assist tile e"Ciee of ta~m4w the ,hipairtmnent ofl sltate
and the departtment of euvironi•e•ttal conservation in relation to hartno-
iizing the deimiads placed on land by urban growth with the goal of
maintaining and preserving hind for agricultural uses, maintaining a
Iquality environment for agriculture anti improving relaTions between

4. Subdivisions two, five, six aud eight of seutiou three hidrudv.td

three of such law, siieh section having been added by chapter four ,
hundred seventy-itine of the laws of nineteen hundred seventy-one,
sihdc ivision two thereof ]mviriig been added by chapter three huindred F.
ninety of the laws ofr ninetneni hnnadred savuanty-thre, snhtaarargph
lour of paragraiphi a of snbdivision two hmercot" land stul)(ivisioll Nix
thereof having been anmended by chapter five hundred fifty-two of thu
lawm or nineteeo hundred su•',mity-l'our, are hereby auncmlued to madil as
follows: 4

( Ilion The receipt of anch a proposal, tle county legislative body:
a. shall Ihereupon provide notice of such proposal by publishing a

notice in a newspaper having general circulation within fhie proposed
distriht and by posting such miotice in five ronspicuous places within C'
the piropostil district. rho boltice shall eontnin the following int'orina-.
lion:

(1) a statenmnt that a proposal for an agrieultnsri district has been .:P-
riled with the county leg.islature pursuant to this article; .II

(2) a statement that the proposal wvill )e on file open to puhlic i,.-
xliction in the coumity clerk's olficco:

(A3) a statlmnuat Ihbat tiny ii,.14iW1 y iii iM,'ici mlit Whose te'ritory
en1icompmlassem's the prolmosei distrii.t or nucy lunilowani- who owns at l•-m"st
ten per cent of the Innitl li'lowaxed to be imuelolecl within fip ItroT.osed
modilifimcition of the prol.puo.m listritt way prol, a nmwdilt.intion at' the
proposael ilisiriet ill suili ,0rm.1 and .amnnncr.nis may be proscribed hyLi te
m-oinniissio -er r m i f Ot l tiii,,) ail c-cmimsiprvrml inni;

(4) It slatenient that Ihl ,ro'losed imlc]i'iication imicsl lie filed with
hlao caonty hem'k fnal hlie clrik of the ,comity hegislntmre within thirty

days after the jiublieatioi of sieh notice;
I5) a stnite.iuti t Ilizt at Ilh lerniiation of tile thirty clay period, the

1)0lo16al n1i0 propo1sed 11iodililh'a60ei.i Will be 814cmdm]ittel to the county
,Iliimiiumg board aind connty agricncltral advisory connmittee, and that

deletions by 677
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thereafter a public hearing will be held on the proposal, proposed moodifi-
cations and recommendations of the board and committee;

b. shall receive any proposals for modifications of such proposal
which may be submitted by such landowners or municipalities within
thirty days after the publication of such notice;

c. shall, upon the termination of such thirty day period, refer such
proposal and proposed modifications to the county planning board,
which shall, within forty-five days, report to the county legislative
body the potential effect of such proposal and proposed modifications
upon the county's planning policies and objectives;.

d. shall simultaneously, upon the termination of such thirty day
period, refer such proposal and proposed modifications to the agricul-
tural districting advisory committee, which shall, within forty-five days
report to the county legislative body its recommendations concerning
the proposal and proposed modifications, and;

e. shall hold a public hearing in the following manner:
(1) The hearing shall be held at a place within the proposed district

or otherwise readily accessible to the proposed district;
(2) The notice shall contain the following information:
(a) a statement of the time, date and place of the public hearing;
(b) a description of the proposed district, any proposed addlitiona

and any recommendations of the planning board or advisory committee;
(e) a statement that the public bearing will be held concerning:
(i) the original proposal;
(ii) any written amendments proposed during the thirty day review

period;
(iii) any recommendations proposed by the agricultural districting

advisory committee and/or the county planning board.
(3) The notice shall be published in a newspaper having u general

circulation within the propoeed district and shall be given in writing
to those municipalities whose territory encompasses the proposed dis-
trict and any proposed modifications, the persons owning land within
such a proposed district or any proposed modifications, the commissioner
of environmental conservation, the agricultural resources commission and
the dimeetew es thi eAf4ee ef isanaing aeeaieee secretary of state.

5. The commissioner of euvironmental conservation shall have sixty
days after receipt of the plan within which to certify to the county
legislative body whether the proposal, or a modification of the pro-
posal, is eligible for districting and whether districting would be con-
sistent with state environmental plans, policies and objectives. The
commissioner of environmental conservation shall submit ropies of
such plan to the agricultural resources commission and to the di.eeet eo
the ale o4 plewing ee•vews secretary of state, who shall have thirty
days within which to report their respective determinations to the comn-
missioner of environmental conservation. The commissioner of en-
vironmental conservation shall not certify the plan as eligible for dis-
tricting unless, (a) the agricultural resources commission- has deter-
mined that the area to be districted consists predominantly oE viable
agriculture land, and, (b) the dieeletee o• she ef-iee of planig serviee
secretary of state, has determined that the districting of the area would
not be inconsistent with state comprehensive plans, polieies and objec-
tives.

6. Within sixty days after the certification of the commissioner of
environmental conservation that the proposed area is eligible for dis-
tricting, and that districting would he consistent with state environ-
mental plans, policies and objectives, the coMnty legislative body may
hold a public hearing on the plan, except that it shall hold a public
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modifi.

hearing if the plan was modified by the mi¶0hniafioner tof environnmental
)roposuI conisedryntion or was modified by the cotnty legislative hody srter they
Withill held the publie hearing required by arTagraph e of .u•diviionu two ot

thim seeetion and such modification wusa not nonsidnered at tihe origins|
oer such hearing. Notice of any such hearing shlall be in a newspaper having
board. ceiiertil eirculation in thet area of The proreoscd district anld individual

Jslati. iol.i,,i, iii writingc to theoe mnnnieipalitLieK whose terr:tory uneompusK
icntiona the proposed district and proposed Modifications, thu persoun owning

land in the proposed district and propomd modifiestions, the commfis-
'ty d.y Bionlr or environmental conkwrvation, thl agriculturul resourees 'oii-
aricIul- nhissiol anudl the Amppl " 4P f-ei v a ,4o iit oeg AO4o scerratirv ol
ve days state'.. The, proposod district, it' certified without modification by tht'
Cornifng comnmissioner of enviroinnentnl conservation, shall becorse effective

thirty days after the termination of such public hearing or, if there is
no public hearing, ninety days after such eertification unless its creation

district is disapproved by the county legislative hudy within inch period. Pro-
vided, however, that if, on a date within the thirty days after the ter-
mination of such public hearing or if there is no public hearing, within

earing; the ninety days after such certification, the county legislative body
Iditiuon approves creation of the district, such district shall become effective on
mittee: such date. Provided, further, that notwithstanding any other provision
:ing: of this subdivision, if the commissioner modified the propnsal, the dis-

triet shall not become effective unless tho county legislative hotly ap-
review proves the modified district; such approval must be given on a date

within the thirty days after the termination of the pubi c hearing;, and
;rioting the district, If approvod, shall become effective on such date. Beforeapproving or disapproving any proposal modified by the Conmmissioner.

the county legislative body may requeat reports on such modified pro-
general pocshi, from the county planining board 1111d the agrICultural districting
writing advisory committee.
ad dis-within 8. The county legislative body shell review any district created under
sioiner this section eight years after the date of its creation and every eight

on and years (hereafter. In Conducting such review, the county legislative body
shall ask for the recommendations of the county planning board and
the agricultural advisory committee, and shall, at least one hundred

a sixty twenty days prior to the end of the eighth year and not more than one
county hunrired eig•bty days prior to such date, hold a public hearing at a
is pro- place within the district or otherwise readily accessible to the district
te con- upon notice in a newspaper having in gannral circulation within the
. The district and individual notice, in writing, tu those municipalities whose
Us of territory encompass the district, the persons owning land within the
thirty0; district, the commissioner of environmental conservation, the agriculturalthirty resources Commission ant] the direes the e4fiteo of ptmaing sewvie"
e coun- secretary of state. The eounty legislative body, nlter receiving the
of ein- reports of the county planning bomrd and the agricultural distrioting
er dis- advisory Committee and after the public hearing, may terminate the
deter- district at the end of such eight year period by filing a notice of ter-
ibmiiation witlh the county clerk and the commissioner of environmental

would eonservation, or may modify the district in the saime manner as is
provided in subdivisions four, live, six and seven of this section relating

objec- to the creation of a district. If the county legislative body does not
act, or if a modification of a district is rejected, tlm. district shall cou-

Per of tinne as originally constitutel, unless the commissioner of environmental
ir dis- conservation terminatus such district, by filing a notice thereof with
tviron- the county clerk, because: (a) the agricultural resources commission
y may has determined that the area in the district is no lonucer predominantly
public viable agricultural land, or (h) the continuance of the district would
larline not be consistent with state environmental plaits, policies, and objectives,

deletions by e•4.4iow1•ts
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or (c) the diveetew e4sf a ie Of .4 8! ee e.00 secretary of state a:
____________________ishas fetermined that the continuance of the district would not be con- !.

sistent with state 4omprehensive plans, policies and objectives, except, If
however, if the commtssioner of environmental conservation certifies
to the county legislative body that he will not approve the continuance
of the district unless modified, such modified district may be established 0
in the same manner provided in subdivision six of this section.

§ 5. Subdivisions one and four of section three hundred four of
sueb law, subdivision one having been amended by chapter eight hundred d
sixty-four of the laws of nineteen hundred seventy-four and subdivision
four having been amended by chapter seven hundred twelve of the laws
of nineteen hundred seventy-two, are hereby amended to read an fol-
lows: b

1. Four years after the effective date of this set the commissioner
of environmental conservation may create agricultural districts covering o
any lend in tnits of two thousand or more acres not already districted r
under section three hundred three, if (a) the agricultural resources
commission has determined that the land encompassed in a proposed c
district is predominantly unique and irreplaceable agricultural- land, t
and bad recommended that the commissioner of environmental conserve-
tion establish an agricultural district for such area; (b) such district a
would further state environmental plans, policies and objectives; (c) c
the diretee e4 •ae Wine 94 pyanniig seevee secretary of state has I
determined that such proposed district would. be consistent with state
comprehensive plans, policies and objectives and (d) the director ofthe division of the budget has given No. approval of the establishment of
such area.

4. The commissioner of environmental conservation shall review any
district created under this section, in consultation with thII agricultural
resources commisaion, the diveter .o .t ie 9 .4 Pla"n se
secretary of state and the director of the division of the budget, eight
years after the date of its creation and ever1 , eight years thereafter.
Each such review shall. include consultations with local elected offlefils,
planning bodies, agricultural and agribusiness interests, community
loaders, and other interested groups, and shall Also include a punbli
hearing at s specified time and at a specified place either within the
district or easily accessible to the proposed district, notice of such hear-
ing to be published in a newspaper having general circulation within
the district. In addition, the commissioner shall five notice, in writing,
of such public hearing to persons owning land in the district. After
any such review, the commissioner of environmental conservation may
modify such district so as to exclude land which is no longer predomi-
nantly unique and irreplaceable agricultural land or to include additional
such land, provided: (a) the agricultural resources commission had
recommended the exclusion or inclusion of such land; (b) such modifica-
tion would further state environmental plans, policies and objectives;
(c) the d-ieetle e4 the .44ies e4 pl&eciag ereeWas secretary of state
has determined that such modification would be consistent with state
comprehensive plans, policies and objectives; and (d) such modification
has been approved by the director of the division of the budget; pro-
vided, further, that if the commissioner modifies the district to include
ndditional laud, he shall hold another puhlic hearinq, on the same type
of published and written notice. Then the commissioner may again
mnodify or dissolve the district, but he may not modify it to include
land not included in the proposed modifications upon which the second
hearing was held. After any such review the commissioner of environ-
mental conservation shall dissolve any such district If (a) the agricultur-

(pan " Changes or adeitions In text erg Indicated by underline
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a] resources commission has determined that the land within the district
is no longer predominaintly uui'joo and irreplaceable agricultural land
or (b) the continuation of the district would not further stuin environ-
me:nlal plans, policies and ohjectives, or (a) the dimeaeto e4 4hi e i.. of
t4 OiH"fl meev.iee. secretary of state has determined that the continuation
or the distriat would be inconiisteut with state comprehensive plans,
policies and objectives. A modification or dissolttion of is district shall
becoine effective in the saoic mainer as is provided for in subdivision
three of this section, except that in the case or dissolution, a notic of
dissolution shall be filed instead of a map.

6 6. Subilivision four of section three hundred five ouf such law,
us niended by chapter seven hundred twelve of the laws of nineteert
hundred seventy-two, is hereby ameanded to read as follows:.

4. UnJitatio olon the uxercise of eminent domain and oil the ndvitace
ot piblis funds. n. Any ngeitcy of the stale, any publie benet'it corpo-
ration or any local government which intends t.o acquire land or any
interest theruin, provided ihat the aeqoiisition from any one actively
isierated farm within Ith district would be in excess of ten acres or
that the total acquisition within the district would be in excess of one
hundred acres, or which intends to adlvaina a grunt, loan, interest sob-
sidy or other tl'mnds within it district for the construction of dwellings,
commercial or induhstrial facilities, water or sewer facilities to serve non-
faruir striuctures, shall at least thirty lays prior to such action file a
notice of intent with Ibtu onunisioner of environmental conservatian,
containing such information and ins anch manner noid tortn as lie may
rurluire. Such notion of intent shall contain a report justifying the
proposed action including an evaluation of ailternatives which would not
require action within Ile ngricdit iral district.

lb. Upon reeceipt of smwh uolite, the ronnnissioner shall thereupon
'orw ard a ,'lyof' such notice to hath the agriciltural resources coin-
emission anl the de4e 't 4 4 iat'ie 4 tattn-sitn/g eimiae 8"srelatry of
state. T'he ,nnnilissiaonr, in ,:onsiltation with Ithe agricultural resources
cbnniiissionm siadtl the "i.•m•'e4 olf the elfiiel 4: tW aiag ae4-Aee smecretary
of state, shell review the jrnpOMse0d ntiont to determine what the eultct
of siich action wonul Ihih tilli Ilie prt.•ervatioi naid enhanieeent of ;
agriculture anal agricultural resonrces within the district, tAnte nvir•on-
aiental plans, policies naid objectives, and state comprehensive plans,
Policies and objectives.

a. I'f the e'oiniDiaiamier liillde that such proposed action might have
un tmreasonably adverse effcct Dpon such goals, re.soiraes. pdlns, policies

oir objectives, the conaittminioer shall issue an order withini sneh thirty
day I16riod to suce.h ngenm.y, i:orporastiou ur govrnisenit directing sinch
agency, corloroation or 1:ovcrntiaeut iut to take such stction for ani addi-
tional periom or sixty dinys iiimindihtely following much I lirty day period.

ol. l)miring stueh additionial sixty tiay period, I lie emilinissiomiimr shall
hohl a liibhie heiariiig !oiniiriaig sucth mivotisil action at a place withini
the district or otherwvite easily accessible to the district impon niotice ais a
ilalwlapilpi h.ving it genieral .ireulation within the district, ibmil in-

divi-lual notim.e, in writi•ig. to fha i ipaliti,,s whose trritory en-
moill atusa the ilistrih.. the agrieoilturnil resources oomnnission, the si4MI4,0
a4: floe o4t:i..*oe it ; -Y somrirsta.Lry of sitte smood this agency.
V'orliiorltiOil oh wiveriinment lbronositig to take sitch 0ction. On or before
the corlnrhsion of stich aidhlitioa•in sixty day periodl, tIle eonintissioner ot
clivironeauia tal ionserva Lioi shall rcport his I'imljnh-gs Ih I ha iagmic(Sy
cororattion or go'rrmuimant rolposing to taiko such action, to any public
:g,,'eny having the power of review at or approval of such sationa, and,
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in a manner conducive to the wide dissemination of such findings, to the
public.

a. The commissioner of environmental conservation may request the Sol
attorney general to bring an action to enjoin any such'agency, corpo- by
ration or government from violating any of the provisions ef this sub- 30e
division. Ch:

f. This subdivision shall not apply to any emergency project which six
is immediately necessary for the protection of life or property.

7. Subdivision (a) of section one hundred sixteen of the commerce of
thllaw, as amended by chapter eight hundred twenty-seven of the laws by

of nineteen hundred seventy-two, is hereby amended to read as follows: by
(a) There is hereby created, within the New York state department Ju

of commerce, a board to be known as the New York state job incentive
board. Its members shall be the commissioner of commerce, the corn-
missioner of taxation and finance, the industrial commissioner, teeem•.ie. . beae goew seles4 the commissioner of agriculture and
markets, 4he dirnelee to e effiee of pleanw sig earn secretary of
Ltmte, and the commissioner of housing and community renewal, the

shlchairman of the state board of equalization and assessment, :uId 144"
other state officer as the governor shall designatc all serving ex officio au
and without salary.

§ 8. Subdivision four, paragraph a of subdivision five and subdivi- the
sion sik of section eight hundred seven-a of the education law, subdivision M4i
four having been amended by chapter two hundred seventy-nine of the eel
laws of nineteen hundred sixty-two, paragraph a of subdivision five l
having been amended by chapter seven hundred of the laws of nineteen thL
hundred seventy-one, and subdivision six having been amended by chapter of
forty of the laws of nineteen hundred sixty-five, are hereby amended to wh
read as follows:

4. The 4ieeltle ofeO t di vinie e Am sive tye4e ? e f t ic e Am Jto• of
g..e.s..ea. ie the eAssee•ie depar4aeeta commissioner of,.edueation . M
shall prescribe the form of the fire inspection report. The ewnme of
sieep of edu seatio and shall furnish a supply of such form to school ha
authorities. thil

a. The report of any fire inspection shall be filed in the office of o4
the school authorities andy in the rese .4 pr'ivate ft. sbse, the r ey 4e

0d io" h. #e d in p4be 9 eelwaei- the d'oos ee a jie1 h e 6i4 with a

the comnuissioner of education. All such reports so filed in any public 001
office shall be kept as public records for at least three years after ro0e
which period they may be destroyed. hu

6. It shall be the duty of the commissioner of educationy in 4ho
0ees . p0 4te eheaee, "d the di.eet. .o the division A" Suafete y
in the Ins. of private esele to ascertain annually whether the in- sHl
spections of school buildings required by this section have been made 'i)

and the reports of the inspection have been filed in their respective
offices. The commissioner of education, in tMw Hses of tehie sehpeheb th,
"Ad the dieealv o a ic 431a, ie of Lewe ea4olt in t4e oese o4 Peivalet

esheels. shall review the reports of inspection filed pursuant to this ,u
section and may make reconmmendations to the school authorities with ,iii
respect to any problems relatinr to school fire safety noted in such (if
relortS. The conuniseioncr of education, i* the ese o4 publise soheeb e.,
a"d ahe doeeete. 04 te dilejen, 64 Ane safety, in the obeeeof Psi-veoteI
aeheele•, may inspect or cause to be ins••ceted at any reasonable time ,u-
for fire prevention and fire protection purposes the school buildings
required to be inspected by this section. I..cU
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§ 11. Hi;lnoiivisiatns twioa, fomr, five't six of ite'tliOta egwitt hunirend
ot'Vi-'ht ' at1" lawrh , fillt lilt i vi'iiswa IIlt'i ainid six lh vitig b'i's aIntllclliied
lay ihinglnrr two Itrins I il.si'xt-'otar of l In lila, rnw of tinlat'it hundredl
4'.' v -til , I Yo1a%, &alilt aluli ivis iallts faur Iiadi fivt' ttittr be','t, sanlilr'el I)'.
rtitpltt'r iarvct' tlaiitdr'u sixt'-i'x of tlila ewi' of nirti'iptl IaiiandrediI

iAx)yfo ' .ng', lns hrit hy arntineiltet In reid lot folntaws:
.. 'hIin' aimanartil fire' aitnngn'.t Klh itil lit'll ni'd bhen weil nite first tiany'

or Jalnuliri' cudl tire first dity of .hlttmni'. e(-very yr:ur stint1 tLilt rt'tImrr
thertoni' shll Lc filed I 1y t ea. trlh!n, se IIhoritiis il tir.e. tplitns req tiret)
I'y slabdi'itiiotl fi'vent it ih61 se'ti.citell isi hir thui the sixletrilh dny- ofa
3 utic of a'lmr'b ypisri ewip' &W4 bie Utl' I • e.sw ll.eiItn .. i' thif W titlMAI;to
##W '"l !%$bF*RRt a I l O MI ll.::•!-'!:: O-Fr 4,64 Ml..e•,l 00 1 01 1

.pla.4reashlI- Whets' sWit ttIsslil 64 4U t ha ldings lim. 44e
juwiadis'let ot ta lolii. tset'". i;a nrei.str ptiy i ntrl0 hbt divisive

4. The 44na. OF in' 4w-linimns f five mtie4 a "to el"4's feie f srloi
teito iltet i50 tIes' e ivii dvlepetnteeitt coamaiatsstoioiner of odiuentioli

sitall proserib lfiae form of' tIe ftren intliontiiort relport. Pw esestuit
of. ofIsutAlini tll slhall furn'sIsa £suppnly at' stuch forirn to collogt'

atutihorities.
5. Tihe report of tisy firle insectiotu slihll be filed ili LIsl eoffice of

lilt college' nuttlhorities anlid, so Ot nan. of psnioiviae nrleuen 4st repeet
ett shll 1n A"l i-, Ot outs OF out ti"Anlne at bi d44tiew - loe&

eats 4 FO bate' A41t- Cor Imltqn Koawnnnsswn its U athmWe inn~len tlsiptwtseI.n
t1i41, tst b Ot' si tlie 44p .e in' s *lWm1 A 4tthe bMeosinl witte

tit nrotnhnimttiotter of edlucatiout. All schli reports so filed ili any publht,
office shall be lelll as rlulin' reoprds for am loest three yeurn after
whicll pleriod rttey nmy be dehmtroye'd.

f1. It eliitl bl' tint dirt'y of the eounnaaaisaiorer of sdtrestion, W sa U mis
U 4 !' 09.letnn, tesis t"es amtlintert UF bit0 disviaeiea of Len'ilsafealy is. AWn
tees aF p' Itts ellfew to aceortmist netnually whether the inmpoetiovsn
of buildings under tie, jnurismliel.ion of it collele required by this section
havq' beeii ninte snad lint reports of. tilt inmjpnetina have beots filed ita
their respective offices. Tie eomrnusuioner of edutcatiomn, iii 46he mats'
0f ts~is. mabiepes, ati Q0te tlimsneso, Uý &It. dlsiZ4e of 14.s "A"i, in. bit
teae UC jasiw'l4 tmlleslti, shelt review tilt reports of irnsases'tioi filed
prsun, t to this section anil may make rerneoantcada tions to the college
authorities with reeteeet to 'ny problems rolatireI" to Iutldiiti• fire safely
noted isa such reports. Thu eonnmissioc'r or edueation, is+ bits seeQn
puttln als' el~~u, 04ii 44ts d"se44r of44 bs' slFeeieiof U M Cie 'st, its bUts
meroe U pfi~vet paeft-w, nray inepeet or cause to be inspmeLeti at) any
reatsontsble time for fire prirvventiost nilne fire proteption psioryTaen tile-
hnsildirtgs roquired to he irnaix-eted by this sectioni.

§ 10.. Sutildivisioni two of sectiato 3t-0:103 of the. eniironnientsI ecou-
serv'ation law, as ianoittliled tl y clhapnter four hunmdredt of tire' tIa's of
ninenteea uiihired se'venty-thrro., iS hereby amoended to read ahn follows:

2. The delearttesosid stinll subutit such pini to the Governor anti to
Itte 044itse 'r millwos.sii hewistws t)e.narlent'ust of State nit or before

fleetsl, etimsaeti hs sshw'ess smests.ry Wi.ese Oetober first, nitteteean
hitttdr'd s'veonty-fivr, s.in therenfler shall sbittiti periodit revisionst
of sitih ilinan lo tires governor ianil to the Q1inn U P2 anti Ie
Mill, QUie U Io aiew $' 4ns 1)e Ij)artrsi'ent of Mtate. The Depart-
meltt of State shsll review smatin plet ntd such, revisions and shill sub-
nit a report thereon together with such reconrmeardutions within sixty
days as it nmay de'er appropriate to tist' Governor. gueot plain Ill" aes

eejiieshell es't sake tef Letiv' spest approe! Iby the Qtsneso, ansI

deltilona by eteleAtt4 683
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shall serve thevselr as a goide ts, the publoe, The governor shall
approve, approve with modifications, or reject such plan within sixty

days.
§ 11. Section 5-0101 of such law, as amended by chapter four hun-

dred of the laws of nineteen hundred seventy-three, is hereby amended
to read as follows:

S "-0101. 0outiusaaion of state environmental lboazd; membership
There is hereby continued within the department the State Environ-

maental Board, which shall consist of siAte fifteen members, including
the Commissioner of Environmental Conservation as chairman; the
Commissioner of Hiealth as vice chairman; the Commissioners of Agri-
culture and Markets, Commerce, Transportation, Parks and Recreation,
tem Gtliee for lkeeel Gevenmese" ir the Ruesetive Depormntent the
Secretary of State, the Chairman of the Public Service Commission,
the Industrial Commissioner and members to be appointed by the Gov-
ernor with the advice uind consent of the Senate. None of the members
appointed by the aovernor shall be officers or entployees of any state
department or agency and each shall be, by professional training or
experience and attainment, qualified to analyze and interpret matters
of environmental concern. Of such seven six members, one shall be
representative of conservationists of the state and shall be familiar
with matters pertaining to the utilization of the natural resources of
the state, one shall be representative of industry and as such shall be
employed by a manufacturer or public utility, one shall be representa-
tive of agriculture and shall he familiar with matters pertaining to
agriculture and fe~s, three shall be from the fields of public health,
natural sciences, urban studies or other disciplines relating to the en-
vironment, ecology or natural resonree management. The Dirwie oS
t11e O'1.. og kmnn e.eee sd the as eimen .1 94h Goewnol Of
4K&V mente Atloj eese he l be eOtRted to attend end piviieipe in
te e40t1ngesd ta e boe" bUt shel Ae fm veot

§ 12. Subdivision one of section 38-0107 of such law, as added by
,:hapter eight hundred thirty-nine of the laws of nineteen hundred
seventy-four, is hereby amended to read na follows:

]. Upon receipt of notification by a local government of its formal
identification as a tlood prone community, the department, in conjunc-
tlion with the direetel u the 1 4-0 ee e4 pilamimy veoos'se sca'retary of
state, shall provide technical assistance as required to the local gov-
ernment in the preparation of programs necessary to qualify for the
national flood insurance program. Such assistance shall inelode assist-
ance in the development of joint programs by two or mnore local gov-
enmments and the provision of model flood hazard regulations.

§ 13. Subdivision two of section 30-0111 of ouch law, as added by
chapter eight hundred thirty-nine of the laws of nineteen hundred
seventy-four, is hereby amnended to read as follows:

2. The commissioner shall assist state agencies in determining and
evaluating flood hazards and alternative protective measures, and shall
tstablish standards and procedures to govern the review hy the com-
missioner of potential flood hazards at proposed constrution sites of
state, and state-financed facilities. Such standards and procedures
shall beconme etfective tIpon their approval hy the 4v.eioeov director
of the division of the budget and the e4e .4 otni ng semwies cere-
tatry of state, andi shall ensure that reviews thereunder shall be coor-
.1inated with those of appropriate environmental imilpAwt statomtents,
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project noti healtion ie,) r,,veov s&Vti s.us. Anil state enpital Ion114 rstion
etllusling rerliswsts.

§ 14. Article sixleenr of the exce.utive haw is hereby relsuali.
§ 15. Artiele nincteen-P of such law is hereby repealed.

§ I11. Artiele twenty-six of sueh ltaw is hereby rehseaiM.
§ 17. Setstion eight humired threes of such law, is ansentdsd by

rhapter three husmhrsd forty-eight of the laws of nineteen Inisldred
seventy-three, is hereby amsended to read as follows:

§ 803. Adirondack park agency 5There is hereby created in the execttive delpsrt.ment, the Adiroisdaek
park aLsmes'y, whihel shall ronsist of th! followin|, meis ersha: the enm-
missioser of esivirilnsasstal eonsorvation. the 4i4e",tu a- am .44i. .4
t~tmmioe ueersy-v4h s•rrelary otf state, hie rommissioner of -onsstsereff
,'mcd t-i,..ht utnlme-smvr to h(- appointed by file ,governor hy :1111 w'ith the
ailvtie., And p~oillent of illw ifernato. The -zow, nor aliali] esittntl~e it
,,lisin'man froms amonag the memnbers appointeml to the agenly, who shall

tho governor shall he offieurs or employees of amy stfite ael|eprtimsist or
,tshllry, bp l

" llerve s' at Isl(. oes itso ples ure Noni mi e tof t e mrln i lb ou ears; appohieidb

Five lienibers iasppointe d by the governor slpll be rusa-time residents .4.
within the Adirouhaek park plrovitledl, however, th slin two slmuh belp-
bers fhall be residents of the same eounty exrept for sc h ne, simbe
ilii hally oflinteto belfore t alllory first., nineteen hundred lsoV.lity-
three, who m hav be rsst l•O1nied for Addimt

i l mtweesisive terils. Three
esignoers he rcnl esjy i the it, gowhnor sihall by resi.ents t Ltie esate ofls-side file Adirondack par'k. Not more than five, alillinted mnltqlbt, rs

ahany be of the gaui poiitienl party.
All th1 iaeatsny shll hie made for thrmssi o four yoar s; pruovidedthat tlile f'ir'st ievhirer aplpointed by Ithe govi-.rnor pulrsuant to the inl-

'rPh tit' sftrnihors aIswiwosl by hiteft th fronso lwev in ",x fl , shall be tp-
poied5 fo ntreit uilo exiring on tWle thirtieth silly of ,tJun, ninetteen
hutdred ssvenaly-six. ieash of smst h ao t inheir l rsment betrs of th e lfPe.
shanl hold oftireh for ftie term for" whihihs e as amphoonted anfi shntil hiso
scecsrf or Ahtiall hia ve been o lbliittei' ti tl il'iel or mlenil lie sh ll re-ts
sign or ue removtd is (be mnneus r s o vift ed by law. lot iliathise oa o niiy
tvasancy other thee os e Arisins g by euxpiration bt temi, at ofpintment
to fill the vneartey sell&]o be ss tade for Ist' h inahndor of i na unexpiredterm.

Thse imoflhsa of the a'ency, e.xcepa t those who serve ex offieio, shallreceeive isne himndred dlollars im.r dilem, not to execeed fives thousa~nd doe)

lars Iter ansnimt h mnfe'ien-tia t for their sersires ias members of thei
li ,, s~ Anil sarl of thrift. i ,st ept. t01 m" wsho sirte Px oIfefioit shall IM-ers.

allowe5 tihel ,1.a1s e ury ant r, n iiac I ses shirh It. shall inei ir it hs rlperformanve, of his dittiel; imihmr this itlilesi. :i

It sniasority of theisssssrr ntl f the imeeny shlts tl ,.mlts lilu te th 1'ossrsiis-
fo"ser of tahs ye |rio l thiminessves or ihe. oxet.i' sof ;lany |sow*," or.,t'lli,-lionl of' I-lie 11-u-,11'y lio i ,iffilitlrlive, v'ol, by 11 majority t' ia 1110 - .,;=lll

ber- of I tate s..y v,.I as is oilisrwise t.4writfially pld Vif th ie l rtise

i.'t VleOsy f It, mlrllr shall vast in Ill-'Soll all¢] flat by proxy.685
'lTho a,. amiy delmzalis to aol i illmoria oft' il• lslm h , 'fieers,
:Imc.II|" Itilli• viiitmII]III Ns, lsaris Ilowerm mos irll lz icsm as ilt deenis prtoper.':

'rln i-ommistsiam,, o1' envirommn,,alnvliomervation, andl the .,.metals-

sioner of .omner,.e nmil ilh(, iiiAAI #4: 144 oU"~4. "l t41a•nif #;t4Ftim.,
st,,rym, (if state may, by st'firial aut hority filed ill their reslxmetive

'"'"°" •Y •685



Ch. 464 LAWS OF NEW YORK 197S

agencies, and with the Adirondack park agency, designate a deputy or tLi
other officer 96 hie agenee to exercise his powers and perform his I):
duties, including the right to vote, on the agency.

§ 18. Subdivision three of section one hundred nineteen-s of the at

general municipal law, as amended by chapter one hundred eighte It,
of the laws of nineteen hundred seventy-four, is hereby amended to71
read as follows:

3. No municipal (orporation, whether acting individually or jointly st
with one or more other municipal corporations, shall submit to the t.
United States, or any agency or instrumentality thereof, any project
applieation for one or more mass transportation capital projects or one st
or more airport or aviation capital projeets, any application for one
or more transportation demonstration projects or any federal mass (C
transportation operating assistance, unless the application or applica.
tiona therefor shall have been first approved by the state commissioner
of transportation as being a part of or consistent with a statewide
romprehensive master plan for transportation promulgated by hint and (.
approved by the governor on the recommendation of the o e94ie. ir
pla. eooulne es •lcpartment of state or, in the absence of any
such statowids plan, any other recognized long-range regional transpor- oZ
tation plan approved by the commissioner or, in the absence of any such
regional plan, sound transportation development policy and planning
concepts.

§ 19. Subdivision b of section one hundred nineteen-u of such law,
as added by chapter two hundred fifty-three of the laws of nineteen
hundred sixty-eight, is hereby amended to read as follows:

b. The term "eemi•-•wse secret to" means the a.-moi 5 4S.a. It
lee.) .'ve-.met• secretary of state. v

§ 20, Section one hundred nineteen-v of such law, as added by chap- v:
tar two hundred fifty-three of the laws of nineteen hundred sixty- t
eight, is hereby amended to read as follows:

§ lD--P. Powers and dutes of the eemman siean re.tW
The sa:mie-'e;e.: secretary shall:
a. Promulgate and amend from time to time such rules and regu-

lations as he shall doom necessary, proper or desirable to carry out the
provisions nad pnutipoes of this article, including priority criteria, and
to assure the appropriate coordination of comprehensive studie~s and
reports with other state or local a"ncies interested or concerned with
the particular municipal service being studied and with other available
state and federal financial aid programs. The comprehensive study
and report shall be designed to develop such information as may be tl
required by the Roes.eiei.eR secretare, including but not limited to: h
technical and economic feasibility; cost estimates for construction,
property) rights and equipment, acquisition and contingencies and for h
enganeermng, legal and other services, proposed methods of financing;
and ietimates of first eosts and subsequent total annual cests of con-
struetion, acquisition, administration, operation and maintenance of
recommended aetivities. Such study shall also include such additional
information as may be prescribed by the veesseisiene secretar. The
scope or the area of a study shall not be lass than that dotermined by
the ee.-...-..wm.- secretary as necessary for adequate evaluation of the
proposed municipal service. Such study slmill not include the prnpnra-
lion of contract doemnients or detaileA eonstruction drespn iindI un-
gineering drawings and secti finations-,
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a deputy or 1). Keeeive uienio.lim f of tIral ag•n,:ies for istato aid, pursuant to
perform hir this artirle, in su, h forti and s ontaininig eueh information as he shall

pres,,ribt, ;

,0L.8A'. view n) approveth area ant)d sope of any comprehensive:ea- of hc tally prior to its execution ;
sd eightcei 1d. Approve applientions for state nit] pursuant to this article and
amended to advise local agei.oica nd th- iparticiliting rnunii.ipalilias of the ap.

V ,r .proval 
of their applications for state aid;

a mi to;nlt. t-. Execute contracts for consultant services necessary for such
omit to studies nde reports jointly with the local agency requesting state aid1kny l)roqie,. t h.rorfor;
ieets oro0,. r. Approve the amount of compensation to be paid for such con.
on for one. sultant services and the methods of dotermnining such comppensati~n;
deral alans g. Receive, review and approve final reports of local ageneici- prior
or appliel.- to final payment;omiasioc., Ia. Approve vouchers for the payment of state aid grants pursuant

I statewide, to the provision. of this article;
1Y hill, and I. Make ta estiimate of 'the an.uatl fundp n-,s.;a, I, carry out

offis ot the proviiions of this, article and rl 1uest eU, 1, ....1-' , for -ialusiu,
ice of any in the executive budget;
• transpor. j, Perform such other and further acts as may be necessary, proper
f any such or desirable to effectuate the provisions of this article,

Planning § 21. Section one hundred ninetoen-w of suc-h law, am added by
chapter two hundred fifty-three of the laws of nineteen hundred sixty-

such law, eight, is hereby amended to read as follows:
f nineteoi, §-119-w. Powers of local agencies

A local agency may;
""ee &P. a. Apply to and contract with the eo'i:s-:ei.... secretary for state

aid pursuant, to this article for coniprohensive studies to be undertaken
on and after the first day of September, nineteen hundred sixty-eight;

by chap. b. Seliet the person or firm to lporfoni necessary consultant ecr-
-ed sixty. vices for a comprehensive study and report and enter into contracts

for such services; provided, however, that the AeR missiotne secretany
shall also be a party to any such contract;

a. -Expand money received from the state pursuant to this article
only for purposes consistent therewith.

ad roegu- § 22. Section one hundred ninetecn-x of such law, as added by
V' out the chapter two hundred -fifty-three of the laws of nineteen hundred sixty.
eri, and (elght, is hereby amended to read as follows:
dies and
ned wite , § 19-x. Local plaimin coordination
%vailable Whenever an application for state aid pursuant to this article shall be
'a study filed with the .emm.saiene• secretary, the local agency shall give notice
11141 bte thereof to the local planning board by filing with such board one copy of
ited to: the application. Within forty-five days of such notice, the local planning

ructi, boardmay file. with t he eeonasissienev secretary an advisory opinion eval-
and fo suating the need for the comprehensive study and report and its compati-
lancing; bility with other plauniig studies or needs of the area. The lamiasi-
of cona le.te secretary shell take no final atioLi, upon an application for such

%nee of forty-five day period or until the receipt of such advisory opinion,
ditional whichever occurs earlier.
y. Thead by § 23. Section one hundred ninetoeo-y of such law, as added by
nof by h chapter two bunidred fifty-three of the laws of nineteen hundred sixty-*of the
repara. I eight, is hereby amended to read as follows:

ad en- § 119-y. State aid
The e oeseee secretua may, in the name iof the state, make

derlins r or contract to make, within appropriations therefor, a state grant
deletions by • 687
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for payment to a local agency to cover seventy-five per cent of the ag

costs, as determined by l the secretar, of the preparation of atal

comprehensive study and report. ag
§ 24. Section one hundred nineteen-s of such law, as added by ao.

chapter two hundred fifty-three of the laws of nineteen hundred sixty- sh
eight, in hereby amended to read as follows: Bc

§ 119-L. Llmitatiol .'nl
Nothing in this article contained shall be held to repeal, limit or wt

modify the jurisdiction, powers and duties of any state or local de- th
partmnnt, board, district, commission or authority, or any public cor- in
poration, or other agency, now or hereafter possessed, or to invalidate pr
or modify, in whole or in part, any decision, order, license, permit, of
approval, or other act, issued or taken heretofore or hereafter by such to:
department, board, district, commission, authority, or public corpora- ne
tion or other aqency, or to nullify, abate or otherwise affect any rights Cu
acquired or action taken heretofore or hereafter pursuant to such deci- At
sion, order, license, permit, approval, or other act. State aid for com- co
prehenaive studies and reports pursuant to this article shall not be tri
available for such studies and reports for which state aid is available st.
pursuant to sections twelve hundred sixty-three-a and thirteen hundred cc
sixty-two of the public health law or section four hundred forty-six of PC
the conservation law. In the event that state or federal aid is avail-
able pursuant to other provisions of law for the preparation of com-
prehensive studies and reports, the "ommiafte -secret"!a may reject la
applications for state aid pursuant to this article. lot

§ 25. Section twenty-two of the highway law, as added by chapter gC
six hundred eighty of the laws of nineteen hundred seventy-three, is
hereby amended to read as follows o re~to

9 2& Multi-use areas adjacsnt to and. recreational, naturak.tad scenic th
areas alozg state highways ",

The commissioner of transportation is hereby authorized and cm- ei
powered to acquire property in order to provida multi-use aneas ad.
jacent to state highways and recreational, natural and scenic areas
along, but not necessarily contiguous to, state highways. Suneh multi- ILI
use area may be utilized for, but not limited to walking, hiking bily. ni
eta, trail-bike, recreational vehicle and snowmobile trails end the in-
stallation of public utilities. Such acquisitions shall constitute a state st
highway purpose. Property anquired for multi-use areas shall be such
a to complement the highway facilities by providing the multi-use ft
areas adjacent to the highway facilities. Property acquired for reerea- hi
tional, natural and scenic areus along, but not necessarily contiguous p'
to, state highways shall consist of predominantly unimproved, natural i.
or scenic areas suitable to serve the recreational needs of the expanding to
population of the state, or desirable to preserve the natural or scenis c"
resources of the state, and shall lend itself to restoration, preservation
or enhancement as a reereational, natural or scenic area or provides It,
visual access from the highway to such an area. The commissioner is tI
hereby authorized to undertake work of construction, improvement,
restoration, preservation or enhancement of such eraase and the expense a'
of such work may be a proper charge against funds available for the 0
eonstruetion, reconstruction, improvement or maintenance of state 0I
highways. The commissioner shall submit plans for such acquisitions r,
and work to the Offise of PleaffiW seseeee the department of state b
the office of parks and recreation and the department of environmental
conservation for review and recommendation prior to such acquisitions arend work being undertaken. Stch acquisitions and work, and any %
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agreements entered into in connection therewith, shall not be under- !
taken unless approved by the director of the budget. Such acquisitions
and work in multi-alse areas may be undertaken pursuant to a written
ngreement with a person, firm, corporation, public authority, city,
county, town, village, or state department or ageney, which agreement F

shall provide for the funding of such acquisitions and work. Such
acquisitions and work in recreational, natural or scenic areas may be
undertaken in cooperation with other state departments or agencies
and provision shall he made for the funding of such acquisitions and
work, Any real property which the commissioner deems necessary for
the purposes of this section may be acquired and disposed of by him
in the name of the people of the state of New York according to the
procedure provided in this chapter for the acquisition and disposition
of property for state highway purposes. The provisions of this chap-
ter shall also control the meaning of property as tiled herein, the man-
ner in which possession of such property may be obtained and the cir-
cumstances under the procedure by which it may be sold or exchanged.
Adjusted claims for such acquisition and awards and judgments of the
,ourt of Mlaims made in respect thereto shall be. paid out of the atate
treasury from moneys available for the purposes of this section. All
state deparntents, agencies, counties, towns and villages are hereby
authorized to enter into agreements with the commissioner of trans-
portatiun for the purposes of this section.

§ 26. Subdivision two of section 3.15 of the parks and recreation
law is hereby amended to read as follows:

2 The office shall submit such plan and periodic revisions of such
plan to the efiee of1 plorminag asess. department of state and the
governor. The office oe plenalm s'smeýe department of state shall

-review such plan and such revisions and shall submit a report thereon,
together with such recommendations as it may deem appropriate, to
the governor. Such plan and revisions shall became effective, upon
approval by the governor and shall serve thereafter as a gulde for the
development, protection and management of parks and recreation fa-
cilities.

§ 27. Subdivision four-a of section three of the public lands law,
as last amended by chapter eight hundred twenty-seven of the laws of
nineteen hundred seventy-two, is hereby amenided to iead as follows;

4-a. N'otwithstanding any other provision of this chapter or other
statute, the commissioner of general services, upon the application of
1ny person or corporation, may lease to the highest responsible bidder
furnishing the required security after advertisement for scaled bids
has been published in a newspaper or newspapers designated for such
purpose, for a term not to exceed ninety-nine years, to such applicant
interests in real property includin; but not limited to air rights, sub-
terranean rights and others, when such are not needed for present
public mse.

Such lease shall contain proper covenants to assure the payment of
adequate eonsideration for the interests leased, and to further protect
the state as is deemed necessary by said commissioner.

Where the superintendlenre of the interest leased is vested in some
fft'ieer or in a state department or a division, bureau or agency thereof,

or in a public authority ,-reeted or continued under the public authori-
lies law, the ,.onjissioner may grant sitch rights only upon, written
request and consent of such officer or head of such department, division, .

bureau or public authority.
Said lease shall not be effective until approved as to form by the

*attorney general of the stater it" provided NWl ?.W euwo lease P
sh.,.4 he allpeoee4 by the e9-60 0; Pleeassp serveoe
deletionis by HP.eewsi 68

U



Ch. 464 LAWS OF NEW YORK 1975

The development of any leasehold granted pursuant to this subdivi. vi
sion shall be subject to the zoning regulations and ordinaneca of the tnr.I
municipality in which said property is located. Jur.

g 28. Paragraph (a) of subdivision two of section one hundred prol
twenty-two of the public service' law, having been added by chapter juri;
two hundred seventy-two of the laws of nineteen hundred seventy, vi
subparagraph ii having been amended by chapter eight hundred twenty- pri,seven of the 1awn of nineteen hundred seventy-two, subparagraph iii %Vitlhaving been added by chapter two hundred seventy-three, of the laws }-4):

of nineteen hundred seventy, subparagraphs iv and v as renumbered agae
by chapter two hundred seventy-three of the laws of nineteen hundred §
seventy and subparagraph vi as added by chapter throe hundred forty- fort
eight ok the laws of nineteen hundred seventy-three, is hereby amended five
to read as follows: to r

(a) a copy. of such application on
i. each munieipality in whieh any portion of sueh facility is to be

* located, both as primarily proposed and in the alternative locations §
listed. Notice to a municipality shall be addressed to the chief execu. chal
tive officer thereof and shall specify the date on or about which the svc(
application is to be filed ;

ii. the eomnmisaioner of environmental conservation, the commins §
esiner of, commerce and the Aireaee e/ the e-fi4ee of pleeeai seeviee E
secretary of state; depi

iii. each member of the legislature through whose district the plac
facility or any alternate proposed in the application would pass; Opel

iv. in the event such facility or any portion thereof is located with- Sue-
in its jurisdiction, the Hudson rver valley commission; the

v. in the event such facility or any portion thereof is located with- 1.
in its jurisdiction, the St. Lawrence-eastern Ontario commission., pat.

vi. in the event such fac.ility or any portion thereof is located with 2.
the Adirondack park, as defined in subdivision one of sectiqlp 9-0101 slck
of the environmental conservation law, the Adirondack park agency. tree

1.§ 29. Pararaph (d) of subdivision one of section one hundred ur
twonty-four or such law, as amended by chapter eight hundred twenty- ties
seven of the laws of nineteen hundred seventy-two, is hereby amended o1o:to read as follows: 

futl(d) the effiee of plenein sa~ees secretary of state, 4

§ 30. Paragraph (a) of subdivision two of section one hundred the
forty-two of such law, as added by chapter three hundred eighty-five 5
of the laws of nineteen hundred seventy-two, such paragraph viii .u
thereof having been added by chapter three hundred forty-eight of the remi
laws of nineteen hundred seventy-three, is hereby amended to read as §

N follows: as I
(a) a copy of such application on tee.
i. each municipality in which any portion of such facility is to be 2

located, as primarily proposed or in the alternative locations listed. "f4
Such copy to a municipality shall be addressed to the chief executive Ciro
officer thereof and shall specify the date on or about which the appli- pri,

.!Ication is to be filed;
ii. each ex officio mneiaber of the hoard and on the chatrnman of the

board for transmission to the appointed member as soon after his ap-
pointenict as practiesble; sucl

iii. the attorney general; Vi t:
iv. the direete eo thie ofe 84 iWfatni ecewieee secretary of state; Sue
v. each member of the state legislatere in whose district any per- the

tion of the facility is to be located, na primarily proposed or in the pub
alternative locations listed; I
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vi. in the eveiit siuch faiaility or any portion thereof, ,is nrimarily I

pirposimI or in the alterti:ive lovations listed, is liocateel within its
jurisdliction, the 1londson river valley roumuission;

vii, i lite eveit much Ifarility or iny portion thereof, as primarily
prolPmspdl or in other ailterinative lot'ations listed, is located within its
.giai 6ihtion, tihe St. ltwrnene-vst ern Oniario com1muiission.

viii. In the emeitt Ihaut such raiility or any portion thur'ol, as
iiriramrily prolwsil or in ilie alternative loations listed, is located
within the Adirondark park, is ildefined in subdivision line of section
!)-4]01 otf the ..uviron-tilnal conservation law, the Adironcdatuk park
;1LenrIy.

§ :11. 'Paragraph (u) of stabdiviftiou one of section one hiudred
forty-fort of s•,'h law, its ;%dded by .halter three hondred eighty-
five of the hlws of nineini.ii hinnirptl seveinty-two, is herepy urneeded
to reall as follows:(let the 014i4.*u o13 *411A ,ieevi•. wei'rtnry of slate:

§ 32. Sec'ltion on. lunthlhed forty-il ju-b of Such law, us adlded by
.Impter throo hundred eighty-flive o the laws of niueteen hundredmeventy-two, is h ere~by 11u 11fe l il"l to read as follows: '

§ 149-b. Long-range electric s"Mem planning if
Each clowt'ie ,orporation shall prepuare and submit annually to the

department, at a publie ieaning upon surh notice All at tuch time and
piece am the department ihall determine, its long-range plan for future
operations drawiw ptirsuuelat to retmnttions issned| by tie comnmission.

wlh ,,rpor~urtioiis ~huali ,.otirioattlv delivqtr a iopy of such plans to J1
the secretary of stale. SuchNlinh iuils shall inelide:

I. at 'orerigt. of detmaandl for the next ten years specifying alutiri- .
pated loed,Ihirntion, igu,.htdlaig' peak loads;

2. id.ltificiation of unlmi rtting irapiacity to lie iI.ilized i miieeting
.aieh ,denda.el% iiiluiling enpacity to he provided by others on n v~on-r n n et i ma | b a sis ; '

:L an inventory of (It) all major utility fa.ilities operated by stich
v.orloration inhliding the dates for ,.oniotinmg mid operation of facili-
ties under ronstrirlion aid the dAtes of the retirement of fa.ilities in "
olulration. and (b) of landl owned by the corporation and hlucd for
fuutnr )ISO Sue It majuuor stenlin eleet ie' genera Ii g facility site:

4. amtieipattil expen-litiurus for re.ta'ch in the aleas of oleetriog.enerutton and transamission sitlnl p~ollution alitement and sonlful during .
the next year;

'5. sucel additio-ial informration as the commission may by regulation
requtire to carry out the purposes of this section.

§ .33. 8ubdivision two ol section 'liteeau of tEie transportation law,
;s amuended by chapter eight lgundredI twenty-.ieven of tEle laws of iline-
h ee Iniuirred seventy-two, is hereby ititnendod to rend us follows:

2. The ,lelinrtniet shall suasuit such plan to the governor and to the
. s~i.o ldem,4,•dep a ,l rtmient at' stitte on or before Sceptember
rirat, itecteeni haugred .i xt.y-eight, aind thereafter Shall suhilnit nllprw-
pirlito revisiontl ' om uach iplan to the lzovernuor antd to the *4." F4 tfm-
,*+1 III mhartmeit of s•tiut f'rooil lile to tiie ils Such l'evisions are
0male. Thie m*I•fl'u If ;4,ui-w sow44,e u departmeinlt of state shall review

.ugch iug, anid sli:h i'evisiouus aillI shall Nl)lis,,it a roport thereonl, together
%vith su•.h reou.omemlation.s as it may leenm approligriate, to the governor.
S.ch plais and . tich revisilo iu uluan hceoauOu c'fective npoun approval by
the orovgeurner iuIl ualt S111 rvte therealter ils a g.uido to the publie and
pibliely nssisted dl•'elopineuit of traiiporlution facilities and services
in the state.
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§ 34. Section thirty of such law, as amended by chapter eight hun- ld
* dred twenty-aeven of the laws of nineteen hundred seventy-two, in here- stact
* by amendd to read as follows: Phu

§ 30. Urban transsportation planingr gie
tiotwithstanding section seven hundred thirty-four of the executive. epI

law or any other law, the commiseioner shall have power to sponsor, con- aud
duct and undertake urban transportation studies and to act as the state and
planning agency for metropolitan or regional urban transportation Ing

* planning and for state and interstate comprehensive urban transports- stan
. lion planning and for research and coordination activity related thereto stal

in connection with the provisions of and for the purposes set forth in aun
section seven hundred one of the federal housing act of nineteen hundred any
fifty-four, as amended, when such studies and activity relate primarily stal
to the development of a transportation plan. In exercising his powers the
under this section the commissioner may act jointly with and otherwise pie;
cooperate with Me elIe. planL--g eeeiesee t ei en"tio depe'- con
meM o any 9e state offie or agency, and in order to carry out the
purposes of this section the commissionar may enter into contracts or .h.u
agreements with any person, firm, corporation or governmental agene7. her
The commissioner may set as agent for or enter into contracts and oth-
erwise cooperate with the federal government in connection with the
provisions of section seven hundred one of the housing sot of nineteen
hundred rifty-four, as amended, to the extent that such section relates
to assistance of urban transportation planning, and as such agent ad- l
minister any grant or grants for the assistance of urban transportation. ply
planning to the state or through the state to its local governing bodies
and to regional and metropolitan planning agencies, complying with the PM
provisions of imch grants or advances. The department of taxation and wh
finance is hereby designated to accept and receive all grants or advances tho
from the federalgovernment for The purpose of this section. All monies to
so accepted and received shall be deposited by the department of taxa- ation and finance in a special fund for use exclusively for the purposea
for which suoh grants or advances were made. Payment from the said rel
fund shall be made upon audit and warrant of the comptroller upon pr

* vouchers approved by the commissioner. The commissioner is hereby e
: authorized to present any claim to the federal government or any agency co
" or official thereof with respect to the funds made available for the pur- 1si

poses of this section pursuant to section seven hundred one of the bous- wi
ing act of nineteen hundred fifty-four n amended. Emeepi where s ti,

&snp tan stadies l'ae p M.ie4p te &he ilevelepmn ef a teaise
I.-= Meetae sh.a, betiRWA 0 s4eee e; h e e 4 f, mA R
41h. ON h, f powete ohfe Wime 9p•ea seY femae, * e-• tems

oetcn ......e @W nmays or to, iewn a"s ether r44elae4Iaeil
as an anee pet. ms ~ei s peegees Maer. seetian seven
h madeed e"e of th homming "6tof mne•ees hisdre £ity-go as' emend-

§ 35. Section fifty of such law, as amended by chapter eight hundred d
twenty-seven of the laws of nineteen hundred seventy-two, is hereby
amended to read as follows :

§ 50. Statewide transportation plansing
Project coordination with statewide transportation plan. Upon review

of a proposed municipal project submitted to the commissioner under
section forty-nine herein, the commissioner may transmit, within a rea-
sonably prompt time, advisory comments to the Utica transit authority
with regard to such project's being a part of or consistent with a state-
wide comprehensive master plan for transportation promulgated by him
and approved by the governor upon the recommendation of the eal4"ee .4
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Pleais services department of state or, in the absence of any such
statewide plan, any other recognized long-range regional transportation
plan approved by the commissioner or, in the absence of any such re-
gional pIan, sound transportation development policy and planning Lon-
Cept. I, the commissioner finds such a project to be in conflict with
such atatewide.plkn, regional plat or transportation development policy
and planning concept, the Utica transit authority shall before under-
taking such project, upon the request of the commissioner, state in writ-
ing to the commissioner its reasons for undertaking the projiet notwith-
standing such conflict. In no event, however, shall the Utica transit
authority submit to the United States or to the State of New York, or
any agency or instrumentality of them, an application for a federal or
state project unless the application shall have been first approved by
the commissioner as being part of or consistent with such statewide
plan, regional plan or transportation development policy nid planning
concept.

§ 36. Section fifty-one of such law, as amended by chapter eight
hundred twenty-seven of the laws of nineteen hundred sevonty-two, is
hereby amended to read as follows:

§ 51. Oomprehanive regional planning
Prqject coordination with comprehensive regional planning. Prior to

undertaking a municipal project, the Utica transit authority shall coin-
ply with the provisions of this section.

Where a proposed municipal project is to be located in whole or in
part, within the jurisdiction of a multi-county regional planning board
which has adopted a regional comprehensive plan, the Utica transit au-
thority proposing such project shall submit a description of the project
to such regional planning board, Such regional planning boa shall
advise the Utica transit authorily within fifteen days of the (late of such
submission as to whether or not the proposed project has a significant
regional impact. If the regional planning board detormines that the
proposed. project does not have a significant regional impact, it shall
certify that it is not in substantial conflict with the board's regional
comprehensive plan. If the proposed project is determined to have ai
significant regional impact, the regional planning board shall deternine,
within thirty days Crom date of the submission of the project descrip-
tion, whether or not it is in substantial conflict with its regional com-
prehensive plan. In making such determination, the regional planning
board may also consider whether the proposed project is properly coor-
dinated with other existing or proposed projects within the region. If
the regional planning board determines that such project might be in
substantial conflict with its regional comprehensive plan, the regional
planning board masy issue an order to the Utica transit autlhority direct-
ing that such authority not undertake or continue such project for an
additional period of forty-five (lays immediately following such thirty
day period. During such additional forty-five day ppriod, the regional
planning board shall further review the project and shall hold a public
heaing concerning such project. On or before the conclhuiin of such
forty-five day period and after the public hearing, the regional planninig
board shall determi n, whether or not such project is in suhbstantial con-

elict with its regional comprehensive plan, end report its deternminatinn
to the Utica transit authority sponsoring such project, to Ilie commis-
sioner of transportation, to any other public agency having the power of.
review or approval of such project, and in a nmanner conh•ucive to Ihe
wide dissemination of such determinations, to the public. If the regional A
planning board determines that the proposed project is in substantial
conflict with its regional comprehensive plan, the Utica transit author-
deletloes by h 693
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ity shall before undertaking such project state in writing to the regional ado
board its reasons for undertaking the project notwithstanding such de- drc
termination of substantial confliet.

Regional planning boards may adopt rudes and regulations establish- enl
iug standards and procedures, consistent with this sec.tion, for the review pro
of projects hereunder, and which may exclude specified kinds or' projects Cor.
from such review. Surh procedures may contain provisions allowing for by
informal discussion of preliminary and informal plans for a project sub-
ject to review and for preliminary approval or recommendations by the Pin
hoard with respect to the project. Before adopting such rules and regu- off
lations, the regional planning board shall consult with the Make o"ii #4 det
p4smein eseiem .department of state, which efie may make recomi- Ile
mendations concerning such standards and procedures, the

In the event a proposed project is to be located, in whole or in part, Iia:
in ona area not within the jurisdiction of a multi-county regional plan-
ning board which has adopted a comprehensive regional plan, the func- ter
tions, powers and duties conferred in this section upon such a regional ton
planning board shall apply to the county planning board or boards of AMo
any county wherein soch project is to be located, in whole or in part, hwa
if such county planning board has adopted a comprehensive master plan. 4
In the event there is no such county planning board which had adopted pPli
a comprehensive master plan, such functions, powers and duties may abhi
be carried out by the et&" a~dl s anilin nei department of par
state. trar

soIThe regional comprehensive plan referred to under this section shall so
embody the policy recommendations of the regional planning board for 0,
the comprehewsiv,,' development of the region, and shall include. state- tioln
ments of policies, goals and objectives. Before such regional compre- U.
henaive plan is adopted by the regional planning board, it shall bo certi- dire
fied to by the direee 94 es w eoee flaitee out timsees secretaryof t n
state as being. adequate for the review purposes of this section. The and
comprehensive master plan of a county referred to unoer this section and
shall embody the same elements as herein prescribed with respect to a und,
regional comprehensive plan, and shall similarly be certified to by the §direee o fm the e~ffi e4• pleta•.ng eery-ese secretary of state. ig

of aighprovide37. Section four of shaptar, four hundred thirteen of the laws of st' i
nineteen hundred sixty-five, as re-entitled by chapter three hundred thir-ofi
ty-three of the laws of nineteen hundred seventy-one "An act to provide by i
for an interstate compact with the states of New Jersey and Connecticut sevo
to create the tri-stato regional planning commission and prescribing the 1.
functions, powers and duties thereof and to repeal chapter three hundred tte.o
sixteen of the laws of nineteen hundred sixty-four, entitled 'An act to Cori)
provide for an interstate compact with the states of New ,Jersey and lourlpure
Connecticut to create the trn-state transportation commission and tare- to tt
scribing the functions, powers and duties thereof, relating thereto", is it be
last amended by chapter three hundred thirty-three of the lawq of nine- ftsbI
teen hundred seventy-one, is hereby amended to read as follows: onvi'

§ 4. The five members of the tri-state regional planning comniusiuon tivo
from this state shall be the chairman of the planning commission ot the 400
city of New York, the state Commissioner of transportation, the state diret
commissioner of housing and ,,ommunity renewal, the diesetee e6 4Ae of t
ate efes e4 plaee seevises secretary of state and the chairman of stabt

the metropolitan transportation authority by virtue of arnd so long an evur
they shall held such offices. T.
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§ 38. Subdivision three of section two-a of the public lands law, as

added by chapter nine hundred fifty-seven of the laws of nineteen hun-
dred seventy-four, is hereby amendeoto read as follows:

3. If within thirty days of the giving of such notice. any state agency
entitled to notice pursuant to subdivision one hereof objects to the action
proposed by the eommissioner by filing notice to such effect with the
eommistioner of general services, such proposed action shall be reviewed
by a e eentew" e nosqa i el " 4W seeaertaey ta the uReve ie the
director of t4he dvioie*.ef the budget, and the liresee of tU r-iee o4
ti'1N1Rfi -g n so oeretar, of state. V* •o-etA m4wseitto They shall
affirm or reverse the proposed action ly the commissioner and it.. that
decision shall be final. If It- Ash eti e A -fW4me they affirm the pro-
posed action or &ike fail to render a determination within six months of
the date of the noticerefer-red to in subdivision one, the commissioner
may thereupon effect such transfer or declaration of abandonment.

§ "39. Subdivisions four and six of section three of title one of chap-
tor seven hundred seventeon of the laws of nineteen hnndred sixty-seven,
constituting the transportation capital facilities development net, as
aeneeded by chapter one thousand forty-eight of the laws of nineteen
bandred seventy-three, are hereby amended to read am follows:

4. The commissioner is hereby authorined to receive and review such
applications and to approve such applications, within the amounts avail-
able therefor under the transportation capital facilities bond acts, as are
part of or consistent with the statewide comprehensive master plan for
transportation. The commissioner shall submit copies of any application
so approved to the governor, to the director of the budget anti to the
a9ie 94e tanai.sg • lepartneant of state with such reeommencda-
Lions as he may deem appropriate.

6. The commissioner shall prepare and file with the governor, the
director of the budget nWd wi4b the eUiee e4 tPIH .ueiewise., the secre-
tary of state, the chairman of the assembly ways and means committee
anti the ehairtnan of the sonate tinance committee for i4. their review
and ova luation an annual report on the scope and results of construction
undertaken pursuant to this act.

§ 4t0. Subdivisions one, two, three and four of section twelve hundredeighty-two of the public anthorities' law, muhidivisionia one, two anti throeehaving been amended by chapter seven hundred forty-four of the laws

of nineteen hundred seventy and snbdivision four having been nmnended
by chapter two hundred eighty-five of the laws of nineteen hundred
seventy-one, are hereby amended to read as follows:

1. The "Now York slate pure waters authority" is hereby reconsti-
tuted and continued as the "New York state environmental facilities
corporation". Reference in any provision of law, general, special or
local, or in any rule, reg.tlation or public document to the New York state 'I
pare waters authority shall be doemed to be and construed as a reference
to the corporation continued'by this section. The corporation shall be
a body corporate nad politic conatitutinf a ipublic benefit corporation.
Its mnemhership shall conmist at seven lirectors: the counmisnioner of
,itmviineental consorvatihn who shall be chairmnan and chief exen-,.
live officer of the corporation, the Ponuamissioner of heatth, thu ,emeaii-
-irvii, e t4k. o4:ise 4:o W gevnomeft4 secretary of state, and foutr
lireetors appointed by thu goovernor by and with the advice and consent
of the senate. The olire,:tors appointed by the governor who are not
state ot'icers, shall sorvv for tern.s of six years each, provided, how-
ever, that of the director first appointed, two shall serve for terms of

Laws S173 Ch. 11048 was submitted to 1.h1 'tOr•S at the Seneral otection of
ISI3 and 'tall" of Pvasesag.
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two years, the remaining two for terms of four and six years, respec-
tively, from January first next succeeding their appointment. The ap-
pointed members of the Noew York state pure waters authority in office 0
on the effective date of this act shall be deemed to be directors first
appointed in accordance with the foregoing and shall hold office for the a
balance of the terms for which they were severally appointed. Any va-
cancy occurring otherwise than by expiration of term shall be filled in
the same manner as the original appointment for the balance of the tn- b
expired term. T1-he geewe sWl emmj"it a &peesideM. the serpoben
w" 4 te ,aises eM oeint 04 the semater ,he sa;lt l2 e e ielm o5M b
e-ioeew4 e4 4W eespeatmien aw whe shelLvt e A 4Mt plesmiw e4 the a
governv -he Peeiden! "Mr be one oftha diete.e Ippoimied by tae

2. Us poieerie s h •4 •4Weess b?' 4h eareel -
tiea Ur s"eb peeitasen Each direotor, iaelding the presideent, shall be ti
entitled to reimbursement for his actual and necessary expenses incurred
in the performance of his official duties and, except in the case of the
commiussioner of environmental conservation, the commissioner of health,
te se e .4 th sMe. for. 100* ;;g•eenmea the ,- pesideale d
and the secretary of state, a per diem allowance of fifty dollars when f
rendering service as such director, provided that the' aggregate of such t:
per diem allowance to any one director in any one fiscal year of the c
corporation shall not exceed the sum of twenty-five hundred dollars.

3. Such directors other than the commissioner of environmental con- a
servation, the commissioner of health, the eemmiieeeslem the " 4Liees
4a toe" gogemmeet #e4 the peesideu4 and the secretary of state may r
engage in private employment, or in a profession or business, subject 0
to the limitation oontainmed in sections seventy-three and seventy-four of
the public officers law. The corporation shall, for the purposes of see- P
tions seventy-three and seventy-four of the publi officers law, be a d
"state agency," and such directors shall be "officers" of the lorporatton 9
for the purposes of said sestions. A!

4. Four directors of the corporation shall constitute a quorum for
the transaction of any business or the exercise of any power of the cor-
poration. For the transaction of any business or the exercise of any
power of the corporation, the corporation shall have power to act by a
majority of the directors present at any meeting at which a quorum is
in attendance. The corporation may delegate to one or more of its di- v
rectors, or its officers, ageots and employees, such powers and duties 0
as it may deem proper. 152e commissioner of environmental conserva- r
tion the commissioner of health and the '" nieeieniw @4 the hoe fes A
leeei governmeni secretary of state may, by official proxy, filed with
the p~edeeden• and approved by the corporation, designate * deputy oem-
mi mleeerso eAs te evenel an officer in their respective department or
office, to perform, in their absence, their respective duties nider this
article. The term "direntor" as used in this subdivision shall include
such persons so designated as provided herein. The designation of such
persons shall be deemed temporary only and shall not affect the civil
service or retirement rights of any persons so designated. .

41. Section eighteen hundred thirty of such law, as added by chap-
ter four hundred forty-three of the laws of nineteen hundred sixty-one, is
hereby amended to read as follows :

§ 1830. Cooperation and asistance from other state ageucies
The department of nommerce, the department of labor, the banking

department, the of-41ee for eet gelveosmeen department of state and all
other state agencies shall cooperate with and asist the authority in the
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filnseM fulfillment of its corporate purposes and in the exercise of its

eorporale powers under this title and may render such services to the
authority within their respective functions as may be requested by the
authority.

§ .V2. Subdivisions one, two and three of section twenty-four hundred
thirty-three of such law, subdivisions one and two having been amended
hy chapter seven hundred thirty-seven of the laws of nineteen hundred
seventy-three, and subdivision three having been added by chapter nine
hundred two of the laws of nineteen hundred seventy-two, are hereby
amended to read as follows:

(1) There is hereby created the state of New York municipal bond
hank agency. The agency shall be a body corporate and politic consti-
tuting a public beaefit corporation. Its membership shall aonsiat of
seven directors as follows: the comptroller or a director appointed by
the comptroller who shall serve until his a successor in appointed, the
,emittiesiens e4 Oes 94it•ee fe, leel ive-emen, secretary of state, the
director of the budget, the chairman of the New York state housing
finance agency and three directors to be appointed by the governor with
the advice and consent of the senate, at least one of whom shall be anelected official of' a miunicipality as defined in this title. '/fhe directors
first appointed by the governor shall serve for terms ending two, three
and four years, respectively, From January first next succeeding their
appointment. Their suaceessors shall serve for terms of four years each.
Directors shall continue in office until their successors have been ap-
pointed and qualified. In the event of a vacancy occurring in the office
of a director by death, resignation or otherwise, the governor shall ap-
point a successor with the advice and consent of the senate to serve for
the balance of the unexpired term. Each director appointed by the
governor shall be a eitizen of the United States and a resident of the
state. The chairman of the New York state housing finince agency
shall serve as chairman of the agency.

(2) The powers of the agency shall be vested in and exercised by
no less than four of the directors then in office. The 9nmisie4e, e4
the, eifds Ae IseaW eievenmemll secretary of state and the director of
the budget, each may appoint a person from their respective office, di-
vision or agency to represent such director, respectively, at all meetings
of the agency front which such director may be absent. Any such rep-
resentative so designated shall have the power to attend and to vote sit
any meeting of the agency from which the director so designating him
as a representative is absent with the same force sod effect as if the
director designating hih were present and voting. Such designation
shall be by written notice filed with the chairman of the agency by each
of the said direotors. The designation of such persons shall continue
until revoked at any time by written notice to the chairman by the re-
4peetive director making the designation. Such designation shall not be
deemed to limit the power of the appointing director to attend and vote
st any meeting of the agency.

(3) The directors shall serve without salary, but each director, excep
for those who serve ex officis, shall he entitled to reinibursenient for his
actual and nteessary expenses invurred in the performance of his official
duties, ail, except in the case of the comptroller, the .o.:'"ui:i6'eset 0;
4h *:CA" foe 4me eevs4qurmwo secretary of state, and the director of
the budget, a per diea allowance of one hundred dollars whets rendering
services as such director, provided that the aggregate of such per diem
•allowanee to any one director in itny one fiscal year shall not exceed the L4
smn of five thonsand dollars.
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§ 4.3. Subdivision one of section twenty of chapter seven hundred
eighty-four of the laws of nineteen hundred fifty-one, constitutin tbe
New York state defense emergency act, as amended by chapter fifty- he ma
nine of the laws of nineteen hundred seventy, is hereby amended to mutual

read as follows: A 4

1. There is hereby created in the execntive department of state trct s
civil defense commission to consist of the commissioner of transportation, pniblio
the Phainman of the public ..service eomimission the superintendents of of stil
banking and insurance, the commissioners of health, education, social .it. for
services, commterce, agriculture and markets, conservation, housing and ,5
comnunity renewal, loea ;eVpoer&.:a:, general services, the industrial plan II
rommissioner, the chairman ot the A'orkmen's compensation beard, Ihe city, t.
director or the division of veerrans' affairs, the searutary Of state, the require
• uperintendenI of state police, the chief of staff to the governor, (we wheret
local directors to be selected by the governor and one additional member, 0
to be appointed by the governor by and with the consent of the so, ate.
The member so appointed by the governor may be the state director. In inanen
the event of a vacancy on the commission caused by the resignation, and mt
death, or inability to act of the member appointed by the governor, the when s
state director appointed pursuant to this section shall sot in place and 1 45
stead of such member until a successor is appointed. The governor shall the e'.
designate one of the members of the commission to be the chairman iintil a
thereof. The commission may provide for its division into sirbeommit- of Ilia
toes and for action by such subcommittees with the same force end ef- of snflfact as action by the full comismsion. The memnbers of the commilssion. acting

except for those who serve ex officio, shall be allowed their actiual und fdepart'
necessary expenses incurred in the performance of their doties under secrete
this article but shall receive no additional compensation ror servires § 48
rendered puirsuant to this article, houseo,

§ 44. Section two hundred nine-c of the generul municipal lIA., as and fir
last amended by chapter three hundred fifty-eight of the laws or nine- of sue]
teen hundred sixty-four, is hereby amended to read as follows: govern:

§ 209-e. Fire mobilization and mutual aid plan § 47
4. efinioie, As r"e inbie & ee-ion, te felewinR tosqe c i znone ni

M1eon agency
a, Pensninisesp. he .,saonew of el' 0 e i eat eegeen- the fec

i*hi o toieet1.e depefairaoi two, at.
is, The di-s-eer .t 4iiA" oi f 4"•s ,y4 eet?4 tOw ie tofore

ee, eiit~ gaeeeasmsd in tirts i. Ieopesiteseit mnd0 e
2 1. Plan. The sli.eets secretary of state shall prepare a state to Cate

tire mobilization and mutual aid plan ind AM pmej4 m Fe4" to f'ederal
*ha aemmissieno, e .4r approve! gw rja which may provide for the 2. 11
establishment of fire mobilization and mutual aid zones of the state. eccbpt
Upon a -pr -val h he ),,y.":;'9eme ':.-:: sod t ae f'ilinZ of the mapa ire e i plan opursuit
in the office of the department of elate such plan shall become the statp. of 14i1e

fire mobilization arid intitunl aid plan. Sech lplan may be amended front time Ic

tinme to time in the saine rnanner as originally adopted. vieposit

3 2. Regional fire idininistratiors. The dieetee w4h t•Ie9 *M'itl for nine
te an e secretary of state may appoint and remove a ro- were Tr

gional fire administrator for ench fire mobilization and irutual aid zone and wi
established pursuant to the state fire mobilia.ation and mutual aid plan. mission
Before he eaters on the dirties of the office, each regional fire ad- § 48.
ininistrator shall take and subscribe before an officer authorized by law is refe
to administer oaths the constitutional oath of office, which shall be ad- any ri-
ministered and certified by the officer taking the same without compei- ret'erer
sation and shall be filed in the office of the department of state.
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4 :1. Rogulatiois. Tie l4see, w" the appteval s9 the 1111,1i-

,ef,, sereta'ry of stale naoy snake regilitions amid issue orders which
he mI- my deem Iuweesnry to impleemet Itho stalte fire mobilization and
iuitiial airl pliis and carry oat the lmrl'mm-s of this section.

A, 4. PoIvwer. Whenever it ,,otity, city, town, village or fire dis-
rict shall request, or whenever ilia governor shall dsturaine that th,

pmbli. isiterc't so rtinires, Ihe vF:i' eis-."'e a"4 am gierteu ' ecretar,:
of staft shall pomsae and exerism the powers, fuections a at ditties
set lortlh in the state firs mobilization tIld mu tual aid Ilan.

415. Standard thread. r[itc state fire iobalization amid muntual Kil
pln shall prescribe a standard hose thread for the state, and each county,
rily. town. villae'e or fire diah'iet not equipped with the same may. be
r-eair'ed either to rceut its threads lo such standard or provide ndaplorq
whereby the same may he brought to soch stnndaris.

- U. Itecors. The ,iswv-ns# semtetarv or state shall koup it pi-

ilainenat guihlie revord of Ithe ntivaitioeis oh the slate Iire mobilixation
andl isutnal aidi plan, showing how, when and where it wais ,activiated amd
wihem sueh lallivJil ion Wits temil•iat]ed.

§ 45. The .dtate lire mobilismation and mutual aid plarn in forest 0is
the vl'ff.!tivo dtite or this chapter shall eontinue in force find etteet
on ti] amendetd in he msamner 1p'ovided by section two ]likidred 1hse-C
of ihe general tllnicipal law. Arny reterence in such plan to the division
of safety or tile bureau of fire mobilimiztioa and control; aind ius chief,
.eLinlg chier antd fedhl represimnltivea shall Ie deemied to eLfCr to the
leplarltment of st•ate or n duIly autlhorizrd sbhdivision thereof; and (he
.ceretary of state or LIlly apploinled relpresentatives.

§ 4tk. lhe e'iii joi, or Ihe bulgLet shall operate the st•lte elenrilus-
ILOuLSe. Its the rovitr'nor may direct, for lieh project or plan proposals
1111

1 thil voordimiation tlhervel" as immy may reiguired to I'mcilitato review
uf such l.'projit oi I11111 prolmosals by agencies of the .tate or federal
t-"•yer1111lell tn.

§ 47. 1. The s-eretary 0f state shall admuiiister the male's eoasta]
,oll0 lioela A.,ilesim t progrit, ii and is hereby dlemignatcld ais the siingle .AtuL

a4gency for lie lneeildt iadl seiigihistralliot of federal grantas 1itirsilsiit 1o
Ihe federal clisetal xonoe i niigeatent net of niieteen huldred seveity-
twoe, Ail.t any federal laws aiiimenlatory em. seppleinental to suelh act Isore-
totore or hereaifter cu•cleel; to apply for. ac..egmt, and expend I'liisdA
msade available by the federal government in connection therewith; ii nd
to einter iunt any necesary toiitraeta or compacts eimrstni'it to suheh
rederal acts.

2.. The delgartmeit of taxalioi andl 'iiasice "s hereby desigiuiated to
uLck.lit 1,14 reo.eive all gralits 11nil advmncee froin the fledpral governmenrit
Itirsslnt to. the provisions of tits federal coastal zone nmnagement net
of oineteen himdrels .eiventy-livo. its such act may he nStiit'oild front
timeo to lime. which are povwidhd mfor Ihe gatrlpo.s speeilhieI il. sihmd ivi.
.iou one of this scetion maid asl mioneys so uecepted amid received shaill he
di'posited lv Iht.h delmtrthiimnit of Isixatdon 1. ti nanee il a spcrial ftmd
for use eoxcls ively for the ptinoass for whiih suelh grunts or aihvances
wert:e iame. Playment rrom Mich smeeial t'iml d shaill tin iiiule upo. aol it
ittsi warrant i 1' the vmi)troller islist voilethers Ilpproveet hy I.h comi-
imissioner.

§ 48. Whenever the oltite tl. phnmsiah .services or the director thereof
is referred to or ieissimated iii imy geaieral, sl..eial or local law or ill
imiy rule, ri-gilation, exceuiti'e order, contract or other doeumicnte s8uch
reference or desigimtuion shall be deemiied to reter to the department of
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state or the secretary of state, respectively, and whenever the office
for local government or the commissioner for local government is re-
ferred to or designated in any general, special or local law or in any
rule, regulation, executive order, contract or other document, such ref-
erence or designation shall he deemed to refer to the department of
state or the secretary of state, respectively.

§ 49. No existing right or remedy of any character shall be lost, im-
paired or affected by reason of this act.

§ 50. For the purpose of succession all functions, powers, duties,
rights and obligations transferred and assigned to, devolved upon and
assumed by the department of state and the secretary of state pursuant
to this ant, the department of state shall be deemed and held to con-
stitute the continuation of the office of planning services and the office
for local government, and not a different agency or authority.

§ 51. The office for local goverment and the commissioner for local
government, and the office of planning services and the director thereof,
shall, with respect to the functions, powers, duties, rights and obliga.
tions which are transferred to the department of state by this act, de-
liver to the secretary of state all books, papers, records and property of
their respective offices pertaining to such transferred functions, powers,
duties, rights and obligations.

§ 52. Any business or other matter undertaken or commenced by the
office for local government or the office of planuinF services pertaining
to or connected with the functions, powers, duties, rights and obligations
hereby transferred and assigned to the department of state and pending
on the effective date of this act, may be conducted and completed by
the department of state in the same manner and under the same terms
and conditions and with the same affect as if conducted and completed
by the office of planning services or the office for local government.

§ 5I3. All rules, regulations, aets, determinations and .enisions of the
office of planning services and the director thereof, or the office for
local government and the eommissioner thereof, pertaining to the func-
tions herein transferred and assigned, in force at the time of such trans-
fer, assignment, assumption or devolution, shall continue in forte and
effect as rules, regulations, aets, determinations and decisions of the
department of state until duly modified or abrogated by the secretary
of state.

§ 54. Upon the transfer of functions, powers and duties to the de-
partment of state and the division of the budget, pursuant to this act
provision may be made for the transfer to the department of stale and
the division of the budget of such officers and employees of the office
of planning services and the office for local. government as the sere-
tary of state and the director of the budget may deem necessary for the
exorcise of those fumctions, powers and duties. Officers and employees
so transferred shall be transferred without further examination or
qualification and shall retain their respective civil service classification
and status. For the purpose of determining the employees holding per-
manent appointment in competitive class positions to be transferred,
such employees shall be selected within each class of positions in the
order of their original appointment, with due regard to the right of
preference in retention of disabled and nondisabled veterans. Any such
employee who, at the time of such transfer has a temporary or pro-
visional appointment shall be transferred seljeet to the same right of
removal, examination or termination a& though such transfer had not
been made. Employees holding permanent appointments in competitive
class positions who are not transferred pursuant to this section shall
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have their names entered upon an appropriate preferred list fur rein-
statement pursuant to the civi sece law.

§ 55. All appropriations or reappropriations to the office for local
government aitd the office of planning services to the extent of ro-
i rosining iinexpended or untmnenumbered balancee thereof, whelher el-
located or unallocated, are hereby transferred to and made available tor
use ind expenditure by the department of stale and any federal moneys
advatneed to the offine of planning services or the office for local govern-
ment, to the extent of remaining unexpended or unencumbered balances
thereof, whether allocated or unallocated, are hereby transferred to fnd
insade available for use and expenditure by the agency or department
of the state which is assigned by law or gubernatorial designation thet'.unction for which the federal moneys are atdvanced. The nee or expen-

diture of all funds transferred in accordance with this section are sub-
jeet to the approval of the director of the division of the budget for
the same purposes for which originally appropriated and shall be pay-
able on vouchers certified or approved by the secretary of state on audit
and warrant of the comptroller.

§ 56. Separnbility'. If any part of this act shall be adjudged invalid,
unconstitotional or ineffective by any court of competent jurisdiction,
-such jndgment shall not invalidate the remainder t hereof, but shull he
confined in its operation to the part directly involved in the controversy

* wherein such judgment shall have been rendered.

§ 57. This net shall take affect immediately and ahall have rotroac-
yive application to April first, nineteen hundred and seventy-five with

respect to all actions taken by the office for local government, office
of planning services, department of state, division of the budget anddepartment of civil service in connection with the trannsfer of func-
tions, teriination of employees, transfer of employees, certification

of payrolls, execution of contracts end such other actions relating
thereto.

Nots.-Article 19-1 of the Executive Law pertaining to the creation
of the Office for Local 0overnment. Article 25 of the itecutive Law
pertaining to the creation of the Office o Pltanning dervices, and Artlnle
It of the 6xecutivO Law pertainina to fire safety functions of itie Office
for Local oovernmnent are repealed by this bill. Essential Iocal servicel
provided by these agencies will be tranSferred to the Department of
State.

Haverstrawi Town of-Sewer Tax Warrant

CHAPTER 465

An Act authoritiog tits aniendment of the eswer tax warrant due Jan.
tarv first. nineteen hundred seventy-five for the tuwn of Haver-
straw for taxes for sewer district number one of such town.

Approved and effective July 24. 17IS.

The People of the State of New York, represented in Senate and
AssemblV, do enact as roenows:

Section 1. Notwithstanding any error in the tax warrants issued
Cor sewer taxes for sewer district nutmtnber one of the town of Iravor-
straw, due January first, nineteen hundred aeventy-five end noure par-
lictilarly Ihe failture to iutIldo the real property of the village ,if Po-
uiona in such warrants, the town of hiavcrstraw is hereby authorized
in issue uuiendthl! warrnnts to include real property of the village of

deietlona by *4 701Ma
t N.y.Lm '12SO.-|
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LETTER OF TRANSMITTAL C

UNITED STATES SENATE,
Wa8hington, D.C., December 16,1975.

Hon. JOIN 0. PASTORE,
Chairman, Joint Committee on Atomic Energy, C
U.S. Congres8, Waihington, D.C.

DEAR MR. CHAIRMAN: Dr. Herman Franssen, Analyst in Science and
Technology at the Library of Congress, has prepared at my request a
report enxti'tled, "Towards Project Interdependence: Energy in the
Coming Decade." I believe the report to be of significant importance.
I think that it should be of great interest not only to the Joint Com-
mittee on Atomic Energy, but to the Congress and the public as well.

While I am not prepared to certify the validity of all the conclusions
reached by Dr. Franssen nor necessarily the priorities and emphases
he describes, nevertheless, I believe that the report is important and
would be a worthwhile publication by the Joint Committee. I request
that it be authorized for printing as a Comittee document C

Sincerely,
HowARD H. B.x. Jr.
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LETTER OF SUBMITTAL

THE LIBRARY OF CONGRESS, C
CONGRESSIONAL RESEARCH SERVICE,

Washiington, D.C., September 29, 1975.Hon. HOWARD H. BAKER, Jr.,

Joint Committee on Atomic Energy,
U.S. Congress,
Washington, D.C. C

DEAR MR. BAKER: In response to your request, we are submitting
a study on United States domestic energy demand and supply and
dependence oD foreign oil imports for the decade from 1975 until 1985.
The study is. entitled: '"Toward Project Interdependence: Energy in
the Coming Decade."

The report includes analyses of the relationship between energy C
inputs and economic growth; oil and natural gas reserves, and produc-
tion projections of fossil fuels, nuclear power, and synthetic fuels;
world supply and demand for oil; and, projections of foreign oil im-
ports into the United States between 1975 and 1985.

The work was done by Dr. Herman T. Franssen, Analyst in Science
and Technology of our Ocean Coastal Resources Proeect.

We hope that this study will serve the needs of the Joint Committee
on Atomic Energy as well as those of other committees and Members
of Congress.

Sincerely,
NORMAN BECKMAN,

Acting Director, Congressional Research Service. C
IV)
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FINDINGS

1. Short of draconian measures to be taken by the executive and
legislative branches of Government. "Project Independence" goals
now seem unattainable. For a variety of reasons the contributions of
coal and nuclear power-the only viable alternatives to petroleum
during the next decade-are expected to fall considerably short of
earlier estimates made by FEA and other executive agencies for the
next ten years.

2. Assuming an early decision to decontrol the price of old oil, the
decline in oil production of recent years may have reversed itself by C
1977. With Alaskan oil expected to come on stream in the fall of 1977,
total production will probably rise again until a final production peak
will be reached during the late 1980's or early 1990's. Decontrol of
domestic "old" oil may add up to 0.3 million bd over a period of a year
or more.

3. Natural gas production is likely to continue its rather rapid
decline until the early 1980's when a gas pipeline may be completed C
in Alaska. Continuation of the peak 1973 production level would
require a "Prudhoe Bay" type discovery every year between now and
1985.

4. Geothermal energy, solar energy and other unconventional
sources of energy are not likely to make a major contribution to U.S.
domestic energy supply during the next ten years.

5. In view of the substantial lead-times for development of oil and
gas from frontier areas in Alaska and the OCS, major contributions
from areas not yet leased for development cannot be expected until
sometime after the early 1980's.

6. Under the assumption that energy growth rates of 2.8 to 3.1 C
percent per year are among the most reasonable estimates for the
next ten years, this study projects an energy shortfall of between
9.0 and 9.2 million b/d (oil equivalent) in 1977; between 10.0 and 10.6
million b/d in 1980, and between 9.0 and 10.4 million b/d by 1985.

7. The contribution of imported petroleum from Western Hemi-
sphere sources has declined during the past decade. In view of Canada's C
6official policy to phase out etroleum exports to the U.S., and Vene-
zuelan conservation policy, Western Hemisphere oil exports are likelyto decrease further even in absolute terms. Any additional oil imports
to the U.S. will have to come from the Eastern Hemisphere.

8. While West African and South East Asian oil exports to the U.S.
are expected to continue to rise, most of the increased demand for C
Eastern Hemisphere oil will have to be satisfied by shipments from
the Middle East and North Africa.

9. United States dependence on oil from the Middle East and North
Africa is projected to rise from 1.3 million b/d in 1974 to between 4.5
and 4.7 million b/d in 1977, between 5.1 and 5.7 million b/d in 1980, and
between 3.8 and 5.2 million b/d by 1985. Out of this total, between C
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3.7 and 3.9 million b/d in 1977, between 4.1 and 4.7 million b/d in
1980 and between 2.9 and 4.2 million b/d in 1985 would have to be
supplied by Arab nations.

10. In view of conservation measures adopted by a number of Arab
nations, a significant portion of Arab imports may have to come
from countries with low-populations and limited capital absorptive
capacity such as Saudi Arabia and the United Arab Emirates. De-
pending on oil demands of Japan, Western Europe and the rest of the
world, there may be some uncertainty about availability of Arab oil
in quantities significantly above and beyond the 1973-74 production
level. If, as some sources indicate, the Soviet bloc is forced to meet
projected energy shortfalls by 1980-1985 by importing considerable
quantities of oil from the Middle East, the U.S. and world oil-supply
picture will become even more clouded.

11. In spite of recent large oil discoveries in the North Sea, Alaska
and Mexico, none is comparable in size to the Middle East, at least
not in the non-communist world. It is possible that Siberia may become
another Middle East size oil producer, but the U.S.S.R. does not now
have the capital and technology to develop those petroleum resources
in large volumes.

12. Among the many consequences of heavy reliance on imported
oil are:

[A] An Arab oil embargo in 1977 could result in a GNP loss
in the U.S. of $39 to $56 billion, and additional unemployment
of 1 to 1.5 million, if the embargo were to last six months.

[B] The already low ratio of oil shipped in domestic U.S. flag
tankers would drop further.

[C] Possible price increases of OPEC oil when total demand
rises beyond 1973-74 OPEC production levels, and potential
conflict among consumer nations over available supplies.

[D] Potential national security problems related to defense of
the supply lines from the Middle East to the U.S.

[El Ability to pay for additional oil imports will need to be
reexamined.

[F] Increased possibility of environmental damage in the coastal
zone as more oil must be shipped in small tankers to U.S. ports.

[G] Increased reliance on foreign oil could affect the nation's
leverage in foreign policy. Energy may become the "Achilles
heel" of U.S. foreign policy in the same way as agricultural short-
ages are for the Soviet Union.

13. In view of the recent lower estimates of ultimately recoverable
oil and gas resources in the United States maximizing coal utilization
and nuclear sower would significantly reduce dependence on foreign
imports of oil by 1985 and beyond.
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EXECUTIVE SUMMARY

PROJECT INDEPENDENCE C

Almost exactly. a year ago, in November 1974, the Federal Energy
Administration released Project Independence Blueprint (PIB) to
the Nation. It held out-prospects that the Nation could achieve energy
independence by 1985, provided the price of domestic oil would be
allowed to rise to $11 per barrel and the Government would initiate C
an accelerated leasing schedule in the Atlantic and Pacific OCS and
tap the potential resources of the Naval Petroleum Reserves.

Under the PIB energy supply base case, little could be done to
prevent further deterioration of the domestic energy supply situation
until 1977, when Alaskan oil is expected to come on stream. At a price
of $7 per barrel, domestic oil supply would be about 8.9 million b/d, c
and at $11 per barrel, domestic supply would increase to 12.8 million
b/d. Optimistic analysis of the contribution of coal, nuclear energy,
natural gas and other energy sources, led PIB to conclude that even
without major efforts to increase oil and gas production from off-
shore areas, imports of oil could be limited to 3.3 million b/d, or about
one-half of the current volume of imports, by 1985.An accelerated domestic supply scenario called for additional leas-
ing of OCS lands off the Atlantic and Pacific coasts, and tapping of
Naval Petroleum Reserves. At a price of $7 per barrel, the Nat;on
would produce between 8.9 and 12.8 million b/d, and at $11 per barrel
domestic production could reach as much as 17.0 million b/d. If 17.0
million b/d would be produced, the Nation could not only eliminate
foreign imports, but in fact produce a surplus for the export market.
Shale oil was expected to add another one million b/d to domestic
supplies.

.Natural gas was projected at 24.8 TCF under the PIB energy
supply base case, and 825.5 TCF under the accelerated leasing pro-
gram. Estimates for coal ran between 900 million and 2.1 billion metric
tons, and nuclear energy was projected to contribute between 204 C
and 275 GWe. depending on assumptions made.

On the demand side. PIB assumed that the United States can
have a real increase in GNP of 5% annually with an energy demand
of 2.5% annually beginning now.

CRS Rnorr C

On the demand side this study disagrees with the contention that
a GNP growth rate of 5 percent annually can be achieved with a 2.5
percent energy growth per year. In the past growth rates have been
closely related to fluctuations in the GNP. For example, during the
1929-33 depression, when the decline in industrial production was C
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severest of any period in the history of the Nation, energy consuimp-
tion fell substantially. When the economy improved again, energy
consumption followed a similar pattern. The same close relationslup
between GNP and energy growth rates was noticeable during each
one of the post-war recessiona.

Given time, institutional change, and sufficient investment in re-
search and development programs, energy consumption per unit of
GNP can possibly be reduced considerably. However, it seems highly
unlikely that the PIB conservation scenario can be achieved by 1985
without harming the economy and/or causing a substantial adverse
impact on our lifestyles.

It is impossible to forecast economic growth rates for the next ten
years with any degree of accuracy, and consequently accurate energy
growth rates cannot be projected. Assuming the possibility of high,
low and medium economic growth rates over the period 1905-85, and
the probability of some successful energy conservation measures with-
out dramatically altering our lifestyles or limiting GNP growth rates
to socially undesirable levels, this study assumes energy growth rates
ranging from 2.0 to 4.0 percent. Most observers tend to agree that 4
percent growth rates would be close to recent experiences prior to
the 1973 Arab oil embargo, which are not likely to reoccur in view
of Arab supply constraints, high Trices, and current projections
of sustainable GNP growth rates. While a number of recent studies
have concluded that sound GNP growth rates of 4 percent or more can
be achieved with energy growth rates of no more than 2 percent, there
is currently no evidence that such a large reduction in energy growth
rates can be achieved without doing great damage to the economy or
drastically changing lifestyles. Energy growth rates of 2.8 to 3.1 per-
cent per year for the next decade seem more probable. These growth
rates assume acceptable levels of economic growth of between 3.0 to
3.5 percent, and some success in the country's efforts to decouple en-
ergy growth from GNP -rowth rates. At the projected energy growth
rates, energy demand will be:

(in millions b/d oil equivalent]
Pn psrcent

Energy growth rates scenarios for 1977. 1980,1985

2.0 2.5 2.8 3.1 3.5 4.0

1977 ------------------- 37.6 38.0 38.3 38.5 38.8 39.1
119M ----------------_- 39.9 40.9 41.6 42.2 43.0 44.0
1985 ------------------ 44.0 48.3 47.7 49.1 SLO 54.0

Do0 s'TIC SUMPY op Em

The following domestic energy supply scenario has been projected
for the 1975-1985 period:

Dn millions of barrels per day oil equlvaientq

Source 1973 1977 1980 1985

Oil (including natural gas liquids) --------------------- 10.1 '10.0 11.0 12.
Natural gas ----------------------------------------- 10.6 8.9 8.0 8.9
coal ----------------------------------------------- 6.4 7.4 L2 9.7Nu'ler energF...................................4 1. 6 2.4 L. a
Hydropower and synthetics..................... L 4 1.4 2.0 £3

Total domestic supply ......................... 228.9 29.3 31.6 38. 7

3 Assumes complete decontrol of oil.
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Without decontrol of oil, production is expected to continue to de-
crease to 9.5 million b/d by 1977. After 1977 production will rise
again due to availability of Alaskan oil. Natural gas production has
been projected to continue to decline at least until the early 1980's,
when Alaskan gas (and possibly some synthetic gas) will come on
stream. Projections for 1985 are cautiously optimistic, especially for
oil and nuclear energy. It assumes no further cancellations of nuclear
plants between 1975 and 1985, and successful discovery and early
production of OCS oil from new leases in the Gulf of Mexico and C
many of the most promising frontier areas. Finally, the 1985 domestic
supply scenaro assumes that the oil equivalent of 1 million b/d of
synthetic fuels (syncrude, syngas, and shale oil) will be marketed.

Any difference between domestic supply and demand must be made
up by importing additional liquid hydrocarbons, especially oil, the
"'wing fuel" par excellencw. It is uncertain if any natural gas will C
still be supplied by Canada by 1985, and the volume of liquid natural
gas (LNG) from Algeria and other foreign countries carmot be pro-
jected at this time due to a number of uncertainties. The price of im-
ported LNG and dry natural gas is likely to be close to the world mar-
ket oil equivalent price.

Any attempts to arbitrarily slice foreign oil imports will most prob- C
ably result in higher unemployment, lowering of the GNP, and a
great deal of discomfort for the American people. Assuming annual
energy growth rates of 2.8 to 3.1 percent, oil and gas imports will rise
rapidly until 1977. By the end of 1977 some 600,000 b/d of Alaskan
oil is expected to be produced. Between 1977 and 1980 imports are
likely to grow, but at a much slower pace. until the early 1980's when
foreign oil imports could reach their highest level. If.'however, the
cautiously optimistic domestic supply scenario for 1985 cannot be
attained due to additional shortfalls in one or more sources of domes-
tic eneraT supply, imports could very well continue to grow with no
end in sight.

P!EToLE.UM IMPORTS: 1977, 198I1 C
[in millions of barels per day oil equivalentj

2.8 percent 3.1 percent
energyy gmrwth

Yetr per year per year

1907 ----------------------------------------------------------------------- 9.0 9.2
IN D -- --- -- --- -- -- --- -- --- -- -- --- -- --- -- -- --- -- --- -- -- 10.0 10.6

1900 ------------------------------------------------------------------- 9.0 10.4

SOURCES OF SUPPLY

U.S.-imports of oil have-gradually grown from 0.9 million b/d (13
percent of consumption) in 1950 to 6.0 million b/d (37 percent of con-
sumption) in 1974. Natural ga imports have remained relatively
small at less than 5 percent of domestic consumption. Whereas almost
all imported natural gas comes from Canada, oil imports for years
have come from more than 20 countries around the world. Until recent
years, however, more than half of the foreign oil was obtained from
"9secure" sources in the Western Hemisphere, in particular from
Canada and Venezuela. In view of domestic supply problems in Can-
ada and Venezuela. oil imports fronm traditional Western Hemisphere
suppliers will decline significantly within the next few years. This

C
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fact, coupled with projected increased future demand for foreign oil,
will make the United States much more dependent on Eastern Hem-
isphere oil. A carefu analy8is of current worZdwide oi7 reaeroe
Zewds to the inevitabe conclsion that the US. wM becovme highly de-
pendent on oil from the Middle East tznd North Africa during the
coming decade.

DEMAND BALANCED SCENARIO OF U.& PETROLEUM IMPORTS, BY REGION, FOR 1977, 1980, 1935.
fin thousands of barrels per day]

1974 1977 1980 1985

Western Hemisphere:
Canada ------------ DID,083 400 140 0
Venezuela. --------------------------. 1, 178 1. t00 1, 000 -1,000
Other Western Hemisphere -------------------- 865 1L160 1,500 1,700

Total, Western Hemisphere (oil) ---------------- 3,126 2, 660 2.,640 2, 700
Canadian natural gas: Optimistic forecast On thousands

of barrels per day oil equivalent) --------------------- 450 450 450 450

Total. Western Hemisphere (oil and ips) ......... 3,576 3,110 3,090 3,150
Eastern Hemisphere:-701 a0 1,000 1,000

o fr south of Sahara---------------- 81 120 225 325
Southeast Asia ....------------------------- 320 430 560 700

Middle East and North Africa:
Iran ------------------------------------------ 519 00 1,000 900-1,000
Arab countries ---------------------------------- 976 3,740-3,940 4,125-4,725 2,925-4,225

Imports from the Middle East and North Africa, which amounted
to slightly less than 20 percent of total imports in 1974, will probably
grow to 50 percent or more just two years from now. The implications
of this new reality are manifold, and include:

1. The possibility of yet another Arab oil embargo, or a reduction of
available oil for export, if peace does not come to the Middle East
soon. The Sinai agreement may be a first step in the right direction, but
it is only a partial solution to a multi-faceted problem, calling for suc-
cessful negotiations with a number of interested parties other than
Egypt and Israel.

2. An oil embargo in 1977 could result in a GNP loss of $39 to $56
billion, and additional unemployment of 1 to 1.5 million, if the em-
bargo were to last for six months. A domestic economic disaster of such
proportions would most certainly spread to Western Europe and

apan, even if those nations would not become targets of another oil
embargo. Hopes for major economic recovery from the current world-
wide recession would be dashed under these circumstances.

3. The ever larger volume of foreign oil would have to be shipped-
at least for some years to come,---in foreign bottoms. The already low
ratio of oil shipped in domestic tankers (less than one-fifth of total
imports) would drop even further.

4. Growing dependence of the United States on Middle Eastern oil
would tempt the oil cartel to raise prices as soon as the current surplus
capacity begins to dry up. At some point in the not too distant future,
the United States may have to compete for available supplies with its
allies and other oil-importing countries Tension among oil importing
states would increase if several of the major oil producers decided in
favor of lowering production to stretch available reserves. Many oil
producing nations in the Middle East and North Africa, especially
those countries with low populations and limited capital-absorptive
capacity such as Saudi Arabia, are in a position to reduce oil output
substantially without suffering any adverse impact on their domestic
economies.
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5. Potential national security problems related to the defense of vital
supply lines from the Middle East to the United States. Strategic plan- ekners remember too well that U.S. success in denying the Japanese ac-
cess to their raw material suppliers on the continent of Asia shortened
the Second World War significantly. Soviet efforts to obtain bases in
East Africa Lnd possibly Angola are no coincidence.

6. Potential environmental damage to the coastal zone as more small
tankers will crowd available port facilities.

7. .Increased reliance on foreign oil could affect the nation's leverage C
in foreign policy. Ener may well become the "Achilles heel" of
United States foreign policy in the same way as agricultural short-
ages are for the U.S.S.IR

MImLE EAST DEzPzNDxwC INEvrr&ALE

The Middle East produces about 37 percent of the world's oil, con- C
sunies only 2 percent, and controls 70 percent of the oil export markets.
While both Western Europe and Japan have been hi hly dependent
on Middle Eastern oil for several decades, the United States has only
in recent years entered the era of dependence on oil imports from that
part of the world. Rather than limiting their dependence on Middle
East oil, there is sufficient evidence to state that the three industrial
giants together will not only remain dependent, but will in fact in-
crease their dependence on Middle East oil.

Much has been said about energy self-sufficiency in the Western
world, but Melvin Conant, Deputy Director of the FEA for Inter-
national Relations has recently said that even if major discoveries
equivalent to the North Sea and North Slo finds were made now, we
could not expect their coming into the wor d market on a scale of any
importance for five or even ten years. In order to make a significant
dent in the role of the Middle East as a supplier of oil, we would have
to find this much oil every- year, according to Conant. Over the past
35 years, if one excludes the Middle East and Nigeria, the non-Com-
munist world has not even approached that figure in terms of annual C
average rates of discovery. In fact, despite the North Sea and North
Slope finds, our annual rate of discovery outside the Middle East has
only been about 50 percent of our yearly oil consumption level.

Moreover, in view of recent pessimistic U.S.G.S. and industry esti-
mates of remaining undiscovered recoverable oil and gas resources in
the United States, and less than optimistic forecasts of worldwide C
ultimate recoverable petroleum resources outside the Middle East and
the Communist world, it seems realistic to maintain that dependence
on Middle East oil will continue until the industrial world has found
and produced adequate new alternative sources of energy.

Temporary OPEC oil surpluses and successful oil discoveries in the
North Sea should not blind us to the realities of the world. The cur-
rent OPEC surpluses are primarily due to a major recession in the C
entire indv-trial world, which was only in part caused by the quad-
rupling of the price of oil. The United States is well on its way toward
economic recovery, Japan is following, and Western Europe is ex-
pected to start its recovery early next year. Economic recovery in the
industrial world will once again stimulate demand for oil.

The rate of increase of demand for OPEC oil is likely to be slower
than durinew the 1960's and early 1970's for a number of reasons. In
the first place, the higher prices of oil are likely to continue to have

C
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a downward effect on demand. Secondly, most ecoromic forecasters
project GNP growth rates for the remainder of the 1970's to be lower
than those during the pre-embarog-o "boom" years. Thirdly, the United
Kingdom will, become energy independent by the early 1980's, and
Norway will become an exporter of oil. The availability of North Sea
oil will probably stabilize Western European demand for Middle East
oil until the early 1980's. Japanese demand for Middle East oil will
continue to rise, but some of the increased demand will be met by oil
imports from the People's Republic of China. The United States is
the only major industrial power whose dependence on Middle East
oil will grow dramatically over the next decade.

CONSTRAINT0 ox SUPMY AND PossTE SoLUr•o•s

During the decade of the 1960's and early 1970's the industrial na-
tions relied on the Middle East and North Africa to supply the differ-
ence between non-Communist world demand for oil and supply from
areas other than the Middle East and North Africa. At the lower pre-
1973 prices of oil the oil producing nations of the Middle East and
North Africa have indeed met growina world demand by continuing
to increase supplies. The new high world market prices of oil, however,
have added a new dimension, making it much more difficult to forecast
oil supplies for the decade ahead. Some countries with ample reserves,
large populations, ambitious development plans and subsequent large
capital absorptive capacity, are indeed likely to continue to increase, or
at least stabilize oil production at pre-embargo levels. Iran and Iraq
are among those countries. Several other countries around the Arab
Gulf have low populations and limited capital absorptive capacity.
Among those countries are Saudi Arabia, the United Arab Emirates,
and Kuwait. At the new high prices of oil some of these nations need
produce only a fraction of their physical capacity to meet domestic
economic development and military needs. Saudi Arabia, for example,
might be able to meet all domestic economic development and military
requirements by producing slightly more than one-third of current
physical capacity. Some of the Arab Gulf countries have already ini-
tiated policies to conserve domestic resources by setting a linmit on
annual production. Kuwait was the first nation to do so, but several
others are contemplating a similar oil conservation policy. It serves a
dual purpose of maintaining high world-market prices for the com-
modity, while conserving precious fossil fuels for the future.

If John Moody and other well-known geologists prove correct, world
oil production might peak in the late 1980's or early 1990's. It seems
questionable at this time that the industrial nations by then will have
succeeded in producing sufficient alternative sources of energy to re-
place dwindling worldoil production. Hence, a policy of conserving
oil for future, leaner years, may in the end prove more profitable. The
alternative, maximizing production now, would have the effect of low-
ering the world market price, and providing the oil producers with low
populations and limited capital absorptive capacity (primarily around
the Arab Gulf) with enormous amounts of foreign exchange to be in-
vested in the industrial world. Are they willing to supply the indus-
trial world with the oil they need during the period of transition from
a basically fossil fuel economy to an economy based on other sources
of energy, and if so, under what conditionsI
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So far, Saudi Arabia, the smaller Gulf states and other countries
in the above category have been willing to ran substantial surpluses on
their trade balances, and have put their money primarily in short-term
investments in the West. The nations of the Middle East are aware
that a serious worldwide oil shortage will pay havoc with the economies c
of the industrial world, and they have no desire to see this happen. The
nations of the Middle East are in the midst of ambitious economic
development plans, which will increase the degree of interdependence
between them and the industrial world. The industrial countries on
the other hand, should work together in removing some of the most
obvious obstacles to closer cooperation between Middle East oil pro-
ducers and oil consuming nations. Among the more important steps C
to be taken by the industrial nations are:

(a). Assistance in bringing about an early solution to the Arab-
Israeli conflict along the lines proposed by moderate elements on both
sides;

(b). Efforts to remove Arab fears that their direct investments will
in fact serve as hostage capital, limiting Arab leverage in determining C
oil production level& Oil consuming nations could do much in creating
new international arrangements and guaranteees of foreign invest-
ment, designed to reduce politically inspired uncertainties.

(c). Agree to assist oil producing states in their modernization
process, which will require massive transfers of technology to those
countries. Modernization and industrialization of oil producing states
will inevitably result in growing interdependence of oil producing and
consuming nations. The former will in due time become major sup-
pliers of refined oil products, petro-chemicals, and a great many
energy-intensive products to the industrial world. The latter in turn
will find a growing market for advanced technology products.

Facing growing dependence on imported oil for at least one more c
decade, the industrial nations can hardly afford a policy of confron-

tation with the producing nations. Instead, they should maintain as
harmonious relationships as possible with the oil producing states and
work to limit external disturbances which could threaten the security
of oil supplies to the industrial world. The producers, on the other
hand, need to understand that nations aspiring rapid economic
development have a stake in the peaceful and orderly development C
of the oil industry and in the maintenance of a viable economy in the
consumer nations. Consumers and producers of oil can no longer afford
to go separate ways. All nations need to work together to resolve prob-
lems which affect all countries in an era of growing global inter-dependence.
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States.2 This is particularly interesting in view of the fact that "his-
toric" energy growth rates were projected. Historic energy growth
rates are substantially higher than growth rates projected in the more
current post-oil-embargo era.

C
TABLE L-FORECASTS OF U.S. TOTAL ENERGY CONSUMPTION

[In trillions of Btu's]

Source Base
document Base years value 1970 1975 1980 1985 1990 2000

AEC, 1960 ....... 1953 --------- 41,000 ---------- 73,000 86,200 -------------------- 170,050 C
SIC6, 1962-.........-1961 --------- 44,064 -------------------- t 82, 000 C-----------------------------
BOM, 1962 --------- 1947 to 1962.. 33,168 -------------------- 85,934.......................

47, 897
NAS, 1962 ---------- 1907 to 1960.. 14,600 -------------------- 261,000 ............................. .

44,900 (rin2
RF, 1963-........-1960.--------- 45, 250 60, 190 ---- ------------ 9. 3--------------------135,200
AMS, 1966 2 .---- 1960 --------- 48,200 -------------------- 90, 300 -------------------- 174,000

1(99,700) (213,000)
sC,.1967 ----------- 1960to 1965-. 41,453 4560,827 4674,944 4693,37445118,126 ....................

50,314
BOM, 1968________-1947 to 1965-. 33, 168 64, 276 75, 605 88, 075 -------------------- 168,600 C

53,791 "483,900 4158,951
CMB, 1968 .-------- 1950 to 1965 -------------------------------- 697,000 ..............................
DO 1968 -- -1965 --------- 54,000 ------------------ 88, 100 ..............................
TET6, 1968------1947 to 1965 30, 838 564,444 179,611 597,825 6 119,597..............

52, 350
RRNA, 1968 -------- 1948 to 1965.. 54, 0500 .----------------- 2491,000 .................... 4155,000
SRI, 1970 ---------- 1950 to 1968.. 20,152 ---------- 747,242 2757,589 .............................
WEM, 1970 ------- 1- 1947 to 1969-- 33,168 -------------------- 95,145 ---------- 134,687 168,600

66,055
EBAS, 1970-____ 1967 to 1968.. 59, 135 68, 200 83, 100 100,000 120, 000 ................. e..

62, 143
RFF, 1971 ---------- 1900 to 1969.- 9,587 -------------------- 95,145 ---------- 134,687 190,014

66,055
BOM, 1971 --------- 1947 to 1968.. 33,168 ------------------------------------------------------ ' 165,991

62,424 -239,109
NPC, 1971 ---------- 1960 to 1970-- 44,602 67, 827 83, 481 .102, 581 124, 942 ....................

67, 827
FPC, 1971 ---------- 1970 --------- 68,800 68, 800 ---------- 105,000 ---------- 143,0500 ---------
DOI, 1971 -------------------------------------------- 084,800 0 103,500 ' 127, 700 ....................
RRFF, 1971 ----------------------------------------------------- " 190,900 ------------------------------ C
PIRF, 1971 ------------------------------------------- 86,200 105,300 128,500 C-------------------
FBI, 1971 ------------------------------------------------------ 110,000 ---------- 195,000 337,000
MOC, 1971 ----------------------------------- - 101,600 ------------------------------

I Consensus of 11 forecasts.
2 Excluded from graph of total energy consumption forecasts given on following page.
3 GNP growth rate of 3.5 percent per year and (4 percent per year).

Excludes nonfuel uses.
, Hydro accounted for at kilowatt-hour enerly equivalent.
I Converting their 17,000,000,000 barrels of oil equivalent to Btu at 5,800,000 Btu/barrel. C
7 Stationary sources only, excludes enerp in transport.
I Range based on alternative contingencies of energy use.
9 Mean value of several forecasts.
10 Converting metric tons of oil at 0 039685 quadrillion Btu/ton.
1 Converting barrels of oil at 5,800,000 Btu/barrel.

Source: "Energy 'Demand Studies', An Analysis and Appraisal," op. cit.

With the exception of the NAS, AMS, BOM, RRNA, and SRI C
forecasts which differ significaDtly from the other total energy forecast
items in terms of energy uses (e.g. BOM excludes nonfuel uses),
there are 19 estimates for total energy consumption in the year 1980,

2 U.S. House of Representatives. Committee on Interior and Insular Affairs. Rnergy
"Demand" Studiea, An Analysis and Appraisal. 92d Congress, 2d session. Washington, D.C.,
Government Printing Office, 1972. See also table 1. C
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with a mean of 95,100 trillion Btu's. Fourteen of these forecasts fall
within a range of about 10 percent of their mean, arid all 19 fall well
within a range of about 20 percent of their mean. A distinct upward
revision trend in forecast values is seen for the later projections. These
studies reflect the very rapid energy growth rates in the U.S. in the
period 1965-1973.

The majority of the pre-embargo studies based their predictions
on the following assumptions: gradual technological change, constant
relative fuel prices, no major changes in government policy, un-
restricted fuel availability, only moderate swings in the business
cycle, and energy consumption for defense at cold war levels.' Fore-
casts of U.S. petroleum consumption were usually based on an assump-
tion that imports would automatically fill any gap which should arise
between projections of oil consumption and future domestic oil produc-
tion. Annual population growth rates were most commonly assumed
to be between 1.3 and 1.6 percent, and the median, commonly assumed
economic growth rate was 4 percent. None of the pre-1972 studies
explicitly accounts for the effects which environmental improvement
activities might have on future consumption, and none of the studies
took into consideration currently anticipated limitations of supply.
Pre-embargo studies projected GNP growth rates but ignored the
possibility that a more energy-intensive or less energy-intensive
GNP might be socially optimal in the future, and they failed to
recognize the possible merits of future inter-fuel substitutability.

In general, most pre-1968 studies were rather optimistic about
supply and demand and did not seem to anticipate major energy
supply problems through the end of the century. On the other hand,
more studies since 1968 have expressed various concerns about the
country's future energy supply situation. This change in attitudes
most likely resulted from recent (but still pre-embargo) higher energy
consumption forecasts, unexpected delays in the development of
nuclear energy, and the realization that growth trends in domestic
exploration, discovery, and recovery of traditional fossil fuels have
failed to keep pace with domestic energy consumption.

HISTORIC GROWTH RATES

Twenty-three studies undertaken between 1960 and 1971 show
forecasts of annual energy growth rates in the U.S., ranging from
2.5 to 4.8 percent, while the mean is about 3.5 percent. Generally,
energy growth rates have been closely related to fluctuations in the
GNP. For example, during the 1929-1933 depression, when the decline
in industrial production was severest of any period in the history of
the U.S., energy consumption fell from 23,756 trillion Btu's in 1929
to 16,392 trillion Btu's in 1933. The pre-depression energy consumption
level was not surpassed until 1940, when total gross energy inputs
reached 23,908 trillion Btu's. (See table 2.)

"Ibid., p. 6.
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TABLE 2.--U.S. TOTAL GROSS CONSUMPTION OF ENERGY RESOURCES BY- MAJOR SOURCES

[In billions of Btu'sJ

Crude oil,
petroleum Total
products Natural Total gross

Bitumi- Natural Oee mineral Hydro- Fuel efter
Anthracite nous coal gas, dry imports liq s fuels power wood inputs1

C

Year

1850 ------------- 109
1855 ------------ 216
1860 ------------- 275
1865 ------------- 304
1870 ------------- 503
1875 ------------- 578
1880 ------------- 717
1885 ------------- 957
1890 ------------- 1,159
1895 -------------. .1,439
1900 ------------- 1,410
1901 ------------- 1,657
1902- ----------- 1,030
1903 -..--..-- -. -- 1,843
1904 ------------- 1,797
1905 ------------- 1 910
1906 ------------- 1,748
1907 ------------- 2,098
1908 ------------- 2,037
1909 ------------- 1,978
1910 ------------- 2,060
1911 ------------- 2,197
1912 ------------- 2,038
1913 ------------- 2,207
1914 .----------- 2198
1915 ------------- 2,160
1916 ------------- 2,106
1917 ------------- 2,378
1918 ------------- 2,385
1919 ------------- 2,113

110 ..............................
205 -------.......................
243 ---------- - 3 ---------
328 ------.-- - 10 ----------
545 ---------- 11 ..........
862 ---------- 11 ........

1,337 96 ------
1,83 83 - 40 ..........
2,903 257 156 --.......
3,511 147 168 ------
5,431 252 229........
5, 808 281 250
6,733 299 364 .........
7,315 317 449 ..........
7,155 330 534 ---------
8, 091 372 610 ----------
8,793 411 555 ----------

10,079 432 781 ----------
8,478 427 820........
9,685 511 844 - .--------

10,654 540 1,007 ----------
10, 245 544 1,040 1
11,402 594 1,058 1
12, 034 620 1 210 3
10,703 632 1, 320 5
11,134 673 1, 411 7
12,631 807 1,497 it
13,835 850 1,755 24
14, 588 771 1,911 31
11,688 793 2,159 39

219 ---------- 2,138 2,357
.421 ---------- 2,389 2,810
521 ---------- 2,641 3,162
642 ---------- 2,767 3,409

1,059 ---------- 2,893 3,952
1,451 ---------- 2, 872 4,323
2,150 ---------- 2,851 5,001
2,962 ---------- 2,683 5 645
4,475 22 2, 515 7,012
5,265 90 2,306 7,601
7,322 250 2,015 9,587
7,996 264 --------------------
8,426 289 --------------------
9,924 321 ....................
9,816 354 --------------

10,983 .38 1,843 13,212
11,507 414 ....................
13,390 441 ....................
11,762 476 --------------------
13.018 513 --------------------
14,261 539 1,765 16,565
14,027 597 .. .................
15, 093 615 --------------------
16,074 645 --------------------
14,858 676 -. ...---------------
15,385 691 1,688 17,764
17, S2 729 ...................
18, 842 755 ....................
19,686 750 --------------
16,792 .766 --------------

C

hr

Bitumi-
nous Petleum
coal Natural products

Anthra- and ias Crude noet
cite ligpite . ry oil imports

1920 ------------ 2,179 13, 325 827 3,027 -393
1921 ------------ 2,062 10,266. 62 3,016 -342
1922 ------------ 1,443 11,185 785 3,390 -319
1923 ------------ 2208 13,598 1,032 4,419 -389
1924 ------------. 200 12,681 1,170 4,228 -464
1925- ---------- 1,627 13,079 1,212 4,641 -485
1926..--------- 1,961 13,954 1,335 4,876 -545
1927 ------------ 1,897 13,095 1,465 5,027 -650
1928 ----.---- - 1,871 13,069 1,589 5,474 -711
1929---------. -1,815 12,612 1,942 5,894 -600
1930 ------------ 1, 718 11,921 1,969 6,148 -496
1931 ............ 1,484 9,743 1,715 5,304 -339
1932 ------------ 1,283 8, 041 1,594 4,830 -240
1933---------. 1,260 8,323 1,600 5,143 -299
1934------ - 1,410 9,003 1,819 5,136 -318
1935- .--.- ----- -1 298 9,336 1,974 5,799 -300
1936 ------------ 1,351 10,697 2,221 C 426 -302
1937------------1, 280 11,286 2.468 7,004 -400
1938- ----------- 1,148 8,811 2,348 6,921 -456
1939 ------------ 1,262 9,854 2 539 7,327 -486
1940 ------------ 1,245 11,290 2,726 7,662 -175
1941 ------------ 1,338 12,893 2 851 8,343 -139
1942 ............ 1,435 14,149 3,102 7,987 -320
1943 ------------ 1,450 15,557 3,481 8,538 -310
1944 ------------ 1, 509 15,447 3,775 9,923 "662
1945 ............ 1,311 14,661 3,973 10,199 -580
1946 ------------ 1,369 1 U110 4,089 10,270 -283

See footnotes at end of table.

Natural Total

liquids mIferal

42 19, 007
50 15,754
56 16, 540
90 20,9%8

103 19,768
124 20, 198
149 21,730
179 21, 013
200 21,491
246 22,909
243 21,503
200 18,107
158 15,666
144 15, 171
161 17,216
169 18,276
184 20,577
208 21,846
209 18,981
221 20,717
243 22,991
364 25,650
367 26,720
379 29 095
442 30,434
491 30,055
493 29,048

Hydro-
power

775
656
675
727
685
701
765
815
890
847
785
692
726
729
721
831
841
905
899
872
917
975

1,177
1,347
1, 387
1,486
1,446

Total
enere,inpus

19,782
16, 410
17,215
21,685
20, 453
20,899
22.495
21,828
22,381
23,756
22,289
18, 799
16,392
16,900
17,937
19, 107
21, 418
22,751
19,880
21, 589
23, 908
26, 625
27,897
30,442
31,821
31, 541
30,494
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TABLE 2-U.S. TOTAL CONSUMPTION OF ENERGY RESOURCES BY MAJOR SOURCES-(Continued)

Percent-
Bitumi- age

nous Total change
coal Natural Total gross from

Anthra- and gas Petro- fossil Hydro-. Nuclear energy prior
cite lipite dry 3 leum s fuels power 4 power 4 inputs year

1947 ------------ 1,224 14,600 4,518 11,367 31,709 1.326 ---------- 33,035 ----------
19481 --------- 1,275 13,622 5,033 12,557 32,487 1,393 --------- 33,880 +2.6
1949958 11,673 5,289 12,119 30,0 1,449 --------- 31,488 -7.1
1950-------------1,013 11,900 6,150 13,489 ,552 1, 440--------- 33,992 +8.0
1951 ------------- 940 12,285 7,248 14,848 35,321 1,454 ---------- 36775 +8.2
1952 ------------- 897 10,971 7,760 15,334 34,962 1,496 .......... 3,458 -0.9
1953 ------------- 711 11,182 8,156 16,098 36,147 1439 --------- 37,586 +3.1
1954 ------------- 683 9,512 8,548 16132 34,875 1,388 36,263 -3.5
1955 ------------- 599 10,941 9, 232 17,524 38296 407----------39,703 +9.5
1956 ------------- 610 11,142 9,834 27 40,213 1,487---------- 700 +5.0
1957 ------------- 528 10,640 10,416 18,570 40,154 1,551 1 41,706 0.0
1958 ------------- 483 9,366 10,995 19,214 40,058 1,636 2 41,696 0.0
1959 ------------- 478 9, 332 11 99 19747 41,547 1,591 2 43,140 +3.5
1960 ------------- 447 9,693 12,699 20,067 42,906 1, 657 6 44,569 +3.3
1961 ------------- 404 9,502 13,228 20,487 43,621 1,680 18 45,319 +1.7
1962 ------------- 363 9,826 14,131 21,267 45,577 1,821 24 47, 422 +4.6
1963 ------------- 361 10,353 14, 843 21,950 47,507 1,767 34 49, 308 +4.0
1964 ------------- 365 0,899 15,648 22,386 49,298 1,907 35 51,240 +3.9
1965 ------------- 328 11,580 16 098 23,241 51,247 2,058 38 53,343 +4.1
1966 ------------- 290 12, 205 17,393 24,394 54,282 2,073 57 56,412 +5.8
197 ------------- 274 11,982 18,250 25,335 55,841 2,344 80 58,265 +3.3
1968 -------------- 258 1 401 19,580 27,062 58,291 2,342 130 61,763 +&.0
1969 ------------- 224 12,509 21,020 28,421 62,174 59 146 64.979 +.2
1970--------------210 12712 22,029 29,614 64,55 650 229 67,444 +3.8
1971 ............. 186 11 857 22,819 30,570 65,432 862 404 68,698 ..........
1972 ------------- 150 12,273 23,035 32,966 68,424 2,946 576 71,946 ..........
1973 ------------- 144 13,150 22, 712 34,351 70,857 2,998 888 74,743 ..........
1974 ------------- 132 13,037 22,237 33,490 68,696 052 1,173 73,121 ..........

I Gross energy is that contained in all types of commercial energy at the time It Is incorporated In the economy, whethe
the energy is produced domestically or imported. Gross energy comprises inputs of primary fuels (or their derivatives),
and outputs of hydropower and nuclear power converted to theoretical energy inputs. Gross energy Includes the energy
used for the production, processing, and transportation of energy proper.

'Excludes natural gas liquids.
8 Petroleum products including still gas, liquefied refinery gas, and natural gas liquids.
4 Outputs of hydropower (adjusted for net Imports or net exports) end nuclear power converted to theoretical energy

inputs calcutatedfrom national average heat rates for fossil-fueled steam-electric plants provided by the Federal Power
Commission. Energy input for nuclear power in 1971 is converted at an average heat rate of 10,660 B.t.u. per net kilowatt-
hour based on information from the Atomic Energy Commission. Excludes inputs for power generated by nonutility fuel-
burning plants, which are included within the other consuming sectors.

Source: Bureau of Mines, Office of Fossil Fuels, and Energy "Demand" Studies, An Analysis and Appraisal, op cit.,
pp.16-18.

Date for 1971-74 are preliminary, and were provided by the office of fossil fuels and energy.

Similar declines in energy consumption are noticeable in the .post-
war recessions of 1948-1949, 1957-1958, 1960-1961, and again in
1974-1975.

TABLE 3.-U.S. historical energy growth trends
Percent

1850 to 1885 ---------------------------------------------------- 2.5
1885 to 1910 ---------------------------------------------------- 4.4
1910 to 1935 ---------------------------------------------------- 0.6
1935 to 1950 ------------------------------------------------------ 3.9
1950 to 1960 ------------------------------------------------------ 2.9
1960 to 1971 ------------------------------------------------------ 4.2

Source : Energy "Demand" fitudei, An Anavat eand ArateaL, p. 62.



C

6

POST-E!MBARGO STUDIES C

Most recent studies, undertaken after the Arab oil embargo which
led to the quadrupling of the world-market price .of oil, indicate lower
estimates of future growth-rates of energy consumption in the U.S.
Most new estimates range from 2.0 to 3.1 percent growth in annual
energy consumption.

C
TABLE 4.--CURRENT FORECASTS OF ENERGY GROWTH RATES IN THE UNITED STATES UNTIL 1985

(ANNUAL GROWTH RATES)

quadrillion
PP~ Btu's

Frost and Sullivan, 1975 --------------------------------------------------------- 1 82 C
U.S., Houe of Representatives. science and Government operations committees (recoin-

mended) --------------------------------------------------------- 2 93
Conference board. 1975 ---------------------------------------------- 1.5 87
Ford Foundation, 1975 ------------------------------------------------- 1.4-2 91.3
Commerce Technical Advisory Board (CTAB) --------------------------------------- 3.1 108
F.F.A --------------- 2.1-2.5 98-103
Historic rate. 1947-73- -............................................ 3.1 108
Clark Associates, Pate Alto. 1975---------------------------------------3.2...........
CEO, 1974 ----------------------------------------------------- 106 C
Chase Manhattan, energy division---------------------------...................... .-
Exxon Corp ---------.----------------------------------------------------- 2.7.
This study (most likely scenario) --------------------------------------------------- 2.8-3.1 95.4-98.

It is impossible to look into the crystal ball and "predict', with
dependable accuracy the exact annual demand and supply growth
rates, because the factors contributing to supply and demand cannot
be estimated accurately many years into the future. In spite of these
uncertainties, however, projections of the Nation's future energy
environment 5, 10, or 15 years into the future must be undertaken,
because it is essertial to the formulation of long-term economic goals.
When the variables change, projections must be updated to take into
account these changes. Long-term forecasts are needed to provide C
government and business with necessary data for long-term planning.
Long lead-times are required for the construction of nuclear reactors,
coal mines, exploration for and production of offshore petroleum,
construction of pipelines, etc. The necessary capital investment deci-
sions must be made many. years in advance.

Many would agree with a recent study by the Chase Manhattan c
energy division calling for a cautious apprbach in preparing energy
forecasts. The authors maintain that historically, energy forecasts
have proven grossly conservative, aud that the poorest forecasting
has been made during abnormal or transitional periods.' For example,
a highly qualified organization predicted in 1933 that the demand for
oil would reach 2.9 million b/d by 1960. The actual demand in that
year was 10.1 million b/d, more than triple the predicted amount.' C
The problem with that particular estimate and other forecasts made
during that period was that at that time of depression, prevailing
attitudes concerning the future state of the economy and energy
demand were generally pessimistic. Similar errors might be repeated
again in efforts to project future energy demand and supply patterns.

Shbase Manhattan Bank, Energy Economics Division, Howe Much Oi--H•ow Much,
March 1975, pp. 2-3.

6 Ibid., p. 3.
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ENERGY AND GNP GROWTH

There are two schools of thought on energy conservation. One
school holds the view that industrial and private users of energy waste
a great deal of energy and that, therefore, dramatic savings can be
achieved in the short run without influencing lifestyles or business
activity. Yet another school maintains that there are indeed some
wasteful practices that can be corrected in the short term leading to a
moderate once and for all saving in energy, and that once these energy
leakages have been removed, energy demand will once again continue
to grow at its historic relationship to GNP. According to this school
any attempt to dampen energy demand in the short run beyond the
correction of leakages, will have immediate implications for business
activity and living standards.

The second group looks into the past, and maintains that the
historical direct relationship between industrial production and fuel
consumption in the United States cannot be disputed (figure 1).
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Source: Bnerggi "Demand" Stusdi, An Analyas and Appraisal, op. cit. p. 65.

In a recent study on energy use and GNP, Dr. H. R. Linden, Presi-
dent of the Institute of Gas Technology, found that there has been
indeed an amazingly precise correlation between total primary energy
consumption per capita and disposable personal income per capita
from 1929-1973. When disposable personal income went up in this
period, so did energy in proportion. When it went down, down went
energy consumption in the same slated way. This happened regardless
of energy price levels, employment, war-or peacetime boom, recession,
or depression.8 Dr. Linden's study raises questions regarding the
validity of applying classical concepts of price elasticity to total

'The Oil and Gas JowuraZ, Jan. 6, 1975, p. 25.
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energy demand and probably even to some of the sectoral demands. e C
The study also shows that any attempts to curb energy use significantly
should be carefully studied in view of its potential effects on the econ-
omy. Neither energy policies nor economic policies can be considered
m a vacuum.

The question being asked frequently these days is whether or not
energy consumption and GNP can be "uncoupled" through future' C
conservation efforts. Project Independence Blueprint assumes that 'the
United States can have real increase in GNP of 5 percent annually
with energy demand of 2.5 percent annually. The study lists a number
of consideration actions to achieve such savings, but has failed to offer
a mechanism for uncoupling energy consumption and economic
activities. Instead, the FEA "blueprint," shows that as a result of a c
sudden disruption of energy supply in the first quarter of 1974, output
declined by $10 to $20 billion andcaused energy-related unemployment
of approximately 500,000.'

IS
140 "]r
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Ye-r -

FxGeu• 2.-Ratio of United States total energy consumption to real GNP
Source: Ibid., p. 87. C

With growing U.S. dependence on insecure sources of petroleum
supply, estimated future GNP losses caused by oil supply shortfalls
will rise accordingly. Estimates vary significantly, depending on the
level of predisru tion imports, volume of supply cutoff, and duration
of any future embargoa. Testifying before the House Ways and Means tC
Committee in March 1975, Assistant Secretary of State for Economic
and Business Affairs, Thomas 0. Enders, estimated that another
embargo could idle 2 million workers and between $40 and $80 billion
in lost GNP.' Calculations based on FEA data of the 1973-74 Arab

T Federal Ehergy Administration, Project Independence Report, Washington, D.C., 1974,
p. 288.

S See table VII-7 in the FEA blueprint for Project Independence, Ibid. p. W67.
U.S. House of Representatives. Committee on Ways and Means. "Fhe Energy Crisis and Proposed

Solutions." Summary of testimony prepared by panelists on March 8, 4, 5, 6, 7, 10, 11, 12, 13, and 14, 1975Washington, D.C. March 1975. p. 49.
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oil embargo would suggest that another embargo 2 years from today
could result in a GNP loss of $39 to $56 billion, and additional un-
employment of 1 to 1.5 million, if the embargo were to last 6 months.

As far as the effects of planned conservation efforts on the economy
are concerned, there are basically two schools of thought: those who
am e that sustained economic .growth of 3.5 to 4 percent can be
achieved with energy growth rates of about 2 percent, and others who
believe that some savings are possible, but not to the extent of cutting
historic growth rates by one-half in the short or medium term. A
proponent of the first school is S. David Freeman, a former director
of the Ford Foundation energy study.10 Representatives of the in-
dustry, on the other hand, tend to be more cautious in their pro-
jections. "Conservation," writes Dr. Linden, 'is much too benign a
label for this policy option in the near term. Rather it should be
presented to the public as what it likely will for the foreseeable future:
a policy of lower real income, reduced standards of living, reduced
mobility, and possibly higher unemployment." 11

A study undertaken by the Exxon Corporation projects that a
cutback of one million b/d of oil could reduce GNP in the first year
by up to 2.2 percent and increase unemployment by 0.8 percent. A
cutback of 2.5 million b/d of oil by 1977 could reduce real GNP by
3.2 to 7.6 percent, and unemployment could remain in the 9 to 10
percent range."

Other studies on the effects of a gasoline tax on the economy also
suggest reduced economic growth rates at least over the short term.
For example, one recent study on the effects of a gasoline tax on
economic growth, undertaken by Data Resources Inc. for the Council
on Environmental Quality and the Environmental Protection Agency,
found that a tax of 10 cents or more per gallon would have a significant
effect on oil consumption, and a negative effect on economic growth.
Within a year, a tax of 30 cents per gallon would lower real GNP
by 0.8 percent. After a period of about one year, real GNP would
be 1.6 percent lower than levels projected prior to the gasoline tax,
and unemployment would be higher by 0.5 percent.1"

Reason for the delayed reaction was said to rest in the dynamic
nature of the model reflecting consumer behavior. Consumers need
some time to adjust to the tax. During this time they will dip into
savings, but after about a year, the full effects of the tax will have
worked its way through the economy.

Some students of energy policy have indicated that other industri-
ally advanced nations in Europe have achieved a higher per capita
income than the United States with lower per capita energy inputs.
But, Dr. Linden claims that countries such as Switzerland, with a
much lower energy-consumption to GNP ratio than the U.S., do so by
emphasizing high-value goods and services and high-technology
manufactured products. In contrast, countries such as the U.S. have
economies dominated by highly energy-intensive industries, such as
oil production and refining and basic steel and aluminum. These
countries have a higher energy consumption to GNP ratio (U.S.,

10 The Oil and O(s Journal," January 6, 1975, p. 25.
11 The O and Gaa Journal Jan. 6, 1975. p. 25.
12 Exxon Corp. Efects o? Enforced Short-term Oil Consumption curtailment on the

Economy, unpublished study. New York, Apr. 18, 1975.
Data Resources Corp., Inc., A Study of the Demand for Gasoline, Prepared for the

CFQ, EPA (Washington, D.C., July 1974), p. VIII.
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Canada, Norway, Kuwait, etc.). Dr. Linden maintains that energy-
GNP ratios seem to depend primarily on the particular mix of
economic activity and possibly on such factors as population density
and climate rather than relative costs of energy or minor cultural
differences." c

In view of our limited knowledge of the long-term effects of energy
conservation on economic growth, the Chase Manhattan energy
division expressed concern about what it called "disturbing signs of
too much reliance upon untried theories, particularly in respect to
radical schemes to curb use." 11 The authors fear that if government
and business energy plans are based on ultra conservative forecasts of
future needs, the stage will be set for progressively worsening shortages
in the years ahead. Such energy shortages would restrain expansion of
GNP and the level of productive employment would not rise as fast
as the labor force. In that case the "cure" (conservation) could be
worse than the illness itself."

[AUTHoR'S NOTE: The question is not whether, but how much conservation.
The question of how much leads to the question of costs, for virtually any level of C
conservation is plausible provided the nation is willing to bear the costs. What
level of conservation entails what cost is a subject on which there is unfortunately
no consensus. Some practices are clearly inefficient and wastefuL]

There is a general awareness, however, which is expressed in most
current energy forecasts, that the quadrupling of the price of OPEC
oil will have an effect on energy consumption. While there was little
incentive to avoid energy waste when energy was cheap, the new higher
prices encourage more efficient utilization. Because there is no
reliable basis at this time for estimating energy waste, however,
years will be needed to accumulate the evidence necessary to imple-
ment serious conservation claims without simultaneously risking
injury to the economy. For example, the effects of several proposalsC
to ration gasoline are difficult to gage. The use of gas, but permanent
rationing would increase the life of the automobile and could reduce
new car sales. On the other hand, consumers would have more money
to spend on other goods and services.

In the short run, Congress and the Executive are faced with the
dilemma of reducing U.S. dependence on foreign oil without impeding
the recovery of our depressed economy. C

This study is not an attempt to resolve the debate concerning the
question of "decoupI" energy consumption from economic growth
rates. Instead, six alternative energy growth rates for the period 1975-
1985 are discussed. These include rates of 2 percent (to be achieved by
significant conservation efforts, reduced economic growth, or a com-
bination of the two); 4 percent (close to "historic" 1960-1971 energy C
growth rates and not likely to be continued); 2.8 and 3.1 percent
(average of most recent studies and most likely growth pattern
assuming no major changes in the variables).

IA The O•n .d Gls Journal, Jan. 6. 1975, p. 25.
Is H910 Much O(--How Much lnwsetmeat, op. CIL, p. 8.'I Ibid., p. S. C0
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CHAPTER II

U.S. ENERGY SUPPLY AND DEMAND BY SOURCE

The U.S. economy has gradually shifted from coal-the pre-
dominant source of energy in the early part of the century-to oil
and gas which provided slightly more than three-fourths of the Nation's
energy supply m 1971.

TABLE 5.-PRODUCTION OF MINERAL ENERGY FUELS AND ENERGY FOR WATER POWER IN THE
UNITED STATES

pn pweq~m

1900 1945 1971 1974

Coal ----------------------------------------------- 88.9 51.1 22.4 24.2
Crude oil ------------------------------------------- 4 7 30. 7 31.7 29.6
Natural gas----------------------------------------- 3.2 13.7 40.7 39.6
Water power---------------------------------- 3.2 4.5 4.6 4.8
Nuclear power ------------------------------------------------------------------.. 6 1.9

Source: U.S. Department of the Interior Bureau of Mines, "Minerals Yearbook." 1961 vol. II, pp. 4 and 5, table 1. for
1900 and 1945; vol. I, table 7, p. 22 for 1911 (see also figure 3).

Most recent studies on future U.S. energy supplies project that
by 1985, the Nation will still be dependent for more than 50 percent
on oil and gas. In view of the declining oil and gas resources, however,
most forecasters maintain that a return to coal and an enormous
boost in nuclear energy output are among the few alternatives to
overcome medium-term supply problems. In the long term (by the
end of the century and beyond) non-conventional sources of energy
such as solar energy and fusion power may be able to make a significant
contribution to energy supplies.

. The renewed interest in coal is a reversal of even rather recent
energy trends. Most other studies shown in table I forecasted a
lessening demand for coal as a percentage of total energy consumption
by 1980 and beyond. Only the AEC study of 1960 and a SIIC study
of 1962 projected heavier reliance on coal in 1980 and by the year
2000 than in 1970.17. The pre-1972 studies vary considerably on the
projected contributions of nuclear energy to total energy consumption.
Projected contribution of nuclear energy range from 2.4 percent (Na-
tional Fuels and Energy Study Group, 1962) to a high of 14.3 percent
of total energy consumption by 1980 (Sartorius and Co., 1967).18

'17 EfrfgV "Demand" Studoat, An Analysts and Appra4aal, op. eilt, p. 26. (See table 1,
p. 2.)

II Ibid., p. 32
(ii)



C

Oc

12
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U.S. Energy Consumption Trends, 1850-1974
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All pre-1972 studies shown in table 1 estimate a rise in consumption
of oil and natural gas in absolute terms but a gradual decline of oil
and gas consumption as a percentage of total energy consumption.
Only a few studies projected oil consumption to rise as a percentage
of total energy consumption beyond 1970 and gas consumption beyond
1975. In fact, oil production did peak in 1970 and natural gas pro-
duction in 1973 (a few years earlier than expected by the Federal
Power Commission).

There was general agreement (and still is) that hydropower will
not increase much because most of the sites have already been de-
veloped: it is likely to remain at around 3 percent of total energy
consumption.

TABLE 6.-PRE-EMBARGO FORECASTS OF U.S. ENERGY CONSUMPTION BY SOURCE

(in trillions of Btu's)

Ranges

Source Mean forecast 1980 1985 2000

Coal ------------.----------------- 19,500 15, bOO-25, 500 16, 703-23,121 17,960-27,200
Nuclear --------------------------- 7, 300 2, 000-13, 300 8, 809-25,913 19, 000-43,526
Oil -------------------------------- 40, 000 29,943-52.900 32,762-56,700 40,683-90, 488
Gas -------------------------------- 27,500 20,000-38, 516 22,180-43,625 33 810-57,482
Hydro ----------------------------- 3,000 1, 400-3, 895 3,118-3, 500 2, 55D-5, 492
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Whereas consumption forecasts of all sources of energy varied eC
considerably for the year 1980 (the year for which projections were
most complete), discrepancies were most noticeable for oil and nuclear
energy. There was a tendency for studies undertaken after 1968 to
forecast much higher rates of consumption of oil and nuclear energy
by 1980 than in the studies conducted prior to 1968. It is likely that
the large oil discoveries in Alaska (North Slope) did affect the studies C
undertaken after 1968, and the fact that nuclear technology became
more established during the late 1960's may also have affected fore-
casts made during that period.

RECENT ENERGY FORECASTS (1972-75)
C

Energy forecasts continued to differ considerably during the early C
1970's, both on total energy demand and supply projections for the
future as well as on the contribution each source is likely to make
to meet total demand. However, certain new trends are noticeable in
all studies. Most energy forecasts conducted during the early 1970's r
show significant increases in coal and nuclear energy contributions C
to total energy consumption by 1985. While oil and gas are estimated
to continue to provide more than 50 percent of total energy consump-
tion and output of oil is expected to rise in absolute terms, liquid
hydrocarbons are projected to contribute a lower percentage to total
energy consumption in 1985 than they do today. This shift away from
the dominant position of petroleum as the major energy source in the
United States is likely to be permanent and due to supply limitations,
probably irreversible.

TABLE 7I-OMESTIC ENERGY SUPPLY IN 1985 (PROJECTED)

[in quadmillion Btu'sI

N PC (1972) FEA (1974)
CTAB NAE

Case ------------------- I II Ill IV I II IIl IV (1975) (1974)

Oil --------------- 34.6 29.4 25.3 21.6 23.1 30.5 31.3 3. 0 25.0 26.5
Natural gas ------------- 35.2 29.3 23.0 15.9 23.9 24.7 24.8 25.5 22.0 30.7
Coal ------------------ 27.1 21.3 21.3 20.3 19.9 17.7 22.9 20.7 26.0 24.8
Nuclear ---------------- 29.8 25.2 20.2 16.1 12.5 14.7 12.5 14.7 16.5 17.6

Sources: FEA, "Project Independence, a Summary," Washington, D.C., November 1974, ,p. 46. NPC, "U.S. Energy
Outlook, a Summary Report of the National Petroleum Council," December 1972, p. 19. NAE, ' U.S. Energy Prospects, an
Engineering Viewpoint," Washington, D.C." 1974 derived from table on pp. 86 and 87. CTAB, "Recommendations for a
National Energy Program," Washington, D.C., February 1975.

Another major trend noticeable in most forecasts undertaken in
the 1970's, and in particular after the Arab oil embargo, is that
projections of total energy consumption for 1985 are much lower than
earlier pre-embargo estimates.

SUPPLY PROJECTION AND ENERGY SOURCE SUBSTITUTION

The United States was self-sufficient in energy until about 1950
when our domestic energy supply began to fall rapidly behind use.
Coal production increased at a very slow pace, crude oil production
peaked in 1970 and began to decline at about 5 percent per year, and
natural gas reached its highest production in 1973 and declined by

C

C

C

C
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about 4 percent in 1974. Unless the price of "old" oil will soon be de-
controlled oil production is likely to continue to decline until late
1977 when Alaskan crude oil from the North Slope is expected to
be piped to Valdez and from there be shipped to the lower 48 States.
Natural gas production is likely to decline for the indefinite future,
and it is quite possible that the domestic peak production of 22.5
TCF per year in 1973 may not be surpassed m the future.

Hence, energy consumption increases will have to be met increas-
ingly by substitute sources such as coal and nuclear power, and by
imports of crude oil and liquefied natural gas. According to some
observers coal production, which has remained for too long at the
1940's level, could double by 1985, and others have projected that
nuclear capacity might even undergo a tenfold increase over 1973.
Few, if any, studies undertaken in recent years on the subject of
energy policy have projected any major contributions of esoteric
sources of energy to total available supplies by 1980 or 1985. It will

QO probably not be until the latter part of the century or early in the
21st century that solar energy, fusion power, and so forth, will make a
significant contribution to total energy output.

There are several good reasons to be concerned about the future
of the Nation's energy situation. Among the main causes of current
pessimism about our chances to restrict energy imports to a small,
manageable portion of total consumption axe tle following:

-recent re-evaluations of U.S. domestic oil and gas reserves and
potential undiscovered oil and gas resources. The trend in both
continues to move downward.

serious capital problems have already resulted in cancellation
of several nuclear powerplants and could cause a considerable
slowdown in the development of all sources of domestic energy.

-fears among some experts that nuclear fuels may be in short
supply beyond the early 1980's. the fast-bieeder reactor (pilot
plant) may not be ready until the early 1990's.

-Federal and State government regulations in support of various
social values. Some new environmental rules concerning OCS
oil and gas developments, strip-mining and nuclear safety (or
even a nuclear powerplant moratorium) could result in a sig-
nificant reduction in projected energy output.

-- traditional Western hemisphere sources of oil supply are being
cut, and alternative sources of supply are located m less secure
regions of the world.

The various energy scenarios for the future all assume a certain
energy mix, consisting primarily of oil, gas, coal and nuclear energy.
All recent forecasts project a considerably higher contribution of
coal and nuclear energy than most studies undertaken before the1970's. If forecasts of coal and nuclear energy ex ansion cannot be

met other energy sources-in particular imp oil-will have to
substitute for any shortfall. 19

COAL

Coal is the most abundant fossil fuel in the United States. Proven
reserves are estimated at 433 billion tons which is equal to more than
tAssuming that an averae annual economic growth rate of 3 to &5 percent continue.

onsineredaa=odesw ao e n ational goland assuming that energy consumption winl
continue to grow along with Increas0:s in GNP.a



C

16

80 years of consumption at the current level (1974 production was eC
slightly below 600 million tons). Maximum production of coal in 1985
has been estimated by the FEA at 2 billion tons/year (FEA Blueprint
for Project Independence), but most recent studies-including FEA
estimates under different conditions-have estimated that doubling
of current production to about 1.2 billion tons/year is close to the limit
of maximum expansion for the next ten years. C

However, doubling of coal production is subject to constraints on
demand and supply of coal. The most important constraints are re-
lated to environmental, safety, and health legislation, the price of
alternative fuels, and availability of manpower, material, capital, and
means of transportation. For example, the coal industry maintains
that the Health and Safety Act of 1969 has resulted in a loss of pro- C
duction in deep mines of 25 to 28 percent.20 There are no precise
figures on limitations of output caused by environmental restrictions,
but the effect of the Clean. Air Act of 1970 and pending strip-mining

legislation on production could be significant according to the industry
and the Executive branch of the government. In order to increase coal
output from about 600 million tons/year to 1.2 billion tons/year, the 1
percentage of strip-mined coal may have to rise from 35 to 50 percent
of total output. Congress passed a strip-mining bill in May of this year
which was vetoed by the President on the following grounds: a) it
would cause a substantial loss of energy, b) unemployment would
increase, c) budget outlays would go up, and d) the cost of energy

U.S. Low-Sulfur Coal Reserves, Production, Distribution, 1973

C
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would rise." Congress was unable to override the veto, but similar
legislation will probably be reintroduced.

Utilities as well as the coal industry also maintain that unless there
is a major modification of present pollution abatement regulations,
utilities will in many instances not be able to burn coal, and conse-
quently coal companies will not be able to make the necessary invest-
ments in new mining capacity.21 If coal production capacity atrophies,
so too will the complex structure supporting the coal industry with
machinery and supplies, as well as the transportation system required
to move the product to market. Given this scenario, utilities would
have to turn away from coal to the most likely alternative, imported
foreign oil. Carl E. Bagge, president of the National Coal Association
maintains that electric power companies are planning to increase the
use of oil for generating electricity by 49.9 percent between 1974
and 1979.1 In view of current FEA policy, however, it is questionable
whether the industry will be allowed to meet these projections.

Any significant delays in clarifying the Nation's energy policy-
and coal policy in particular-- wil pede development because of
long lead-times. It takes 3 to 5 years to open new coal mines, about 8
months to file an environmental impact statement, 14 to 16 months
to get delivery on a continuous miner, 6 to 8 years of procurement-
time for draglines, several years to get delivery of draglines, and so
forth.2

The net effect of continuing inflation, capital, manpower and ma-
terial shortages, environmental legislation, transportation problems,
uncertainty about pricing, growing opposition in Western States
against "too rapid and too much" development, and so on could very
well be that the Nation will fall short of the projected 1.2 billion tons/
year of coal by 1985. It is quite possible that coal production will
grow at little more than half of the annual 9 percent projected to
achieve a production of 1.2 billion tons/year. In fact, the maximum
amount of coal from new mines that will be available by 1983 has been
estimated at between 237 and 285 million tons.5 There is little informa-
tion available on the estimated number of producing eastern coal mines
that will be closed by that time. While the FEA still maintains officially
that a target production figure of 1.2 billion tons/year is likely to be
achieved, some FEA experts privately no longer share this optimism.
Reliable sources now indicate that due to a variety of constraints, the
coal industry is not likely to produce more than 900 million to 1 billion
tons/year by 1985, and some experts believe that 800 million tons/year
is an even more realistic projection for 1985.

As production estimates quoted for the contribution of domestic
natural gas, oil and nuclear energy by the FEA and other recent
energy studies are already on the high side in view of the most recentindustry data (see subsections on nuclear energy, oil and gas), any
shortfall in coal production is likely to be substituted by foreign oil

"Strip-mining: A Practical Test for President Ford," Science, vol 186ý p. 1190.
Oongressionag Record, Apr. 14, 1975, p. 5903.
r Ibd., S. 5903.
See: Ernest Krajeski, "Coal Supply," in Energy Bell Sufficiency, How Much and How

Soon. The Mitre Corporation, McLean, Va., March 1975, p. 2.
0 Business Week, San. 27, 1975, p. 127 (2.37 million tons). The higher figure is a private

estimate made by a PEA coal expert.
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imports. In terms of Btu's, one million short tons of eastern coal is
about equal to 4 million barrels of oil, and a million short tons of
western coal has the Btu equivalent of approximately 3 million barrels
of oil.

Assuming a shortfall of about 300 million tons by 1985, 200 million
tons being western and 100 million eastern coal, additional foreign C
oil imports would have to be about 2.7 million b/d (shortfall
compared with PEA projection of a production of 1.2 billion short
tons per year by 1985).

TABLE 8.-ESTIMATED COAL PRODUCTION AND PROJECTED SHORTFALL OF 3 MAJOR RECENT ENERGY STUDIES

fin millions of tons per year] ,

National
FEA (1974) Academy ofCTAB stu~l;)•(9 Engin~eer~inl

19  Constrained Unconstrained (1974)

Estimated production -------------------------------- 1,200 1,000-900 1,100-2,100 , 200
Estimated shortfall (based on production of 900,000.000

tons per year) ----------------------------------- 300 100-0 20-1, 200 300
Estimated shortfall (in millions of barrels per day oil

equivalence) ------------------------------------- 2.7 0-.8S 1.8-10.8 2. 7

NUCLEAR POWER

Projections of the contribution of nuclear power to energy con-
sumption by 1985 range from a low of 188 GWe (Nuclear Industry
estimate) to a high of 325 GWe (Nat. Academy of Eng.). The most
recent of the studies in table 7, the C.T.A.B. report, projects a medium
supply of 275 GWe for 1985.

At the end of 1974 and early 1975, 53 nuclear powerplants were
licensed; out of the 53, 42 units were in commercial operation and
19 were in the power ascension phase. The 53 plants have a design
capacity of 34.8 GWe- but the 42 units in commercial operation are
only producing' 64.8% of capacity, or 22.5 GWe (due to scheduled
andforced outages and other reasons) .•

As late as 1974, the AEC estimated that nuclear reactors would
roduce approximately 300 GWe by 1985. However, the latest ERDA
gures have lowered these estimates to 205 GWe.2 Industry estimates

are even lower than the revised ERDA estimates. According to indus-
try sources, total scheduled commercial operation capacity of nuclear
reactors will be 188 GWe by 1985, and the 205 GWe estimated by
ERDA will not be achieved until after 1988.8

It is interesting that the new ERDA figure for 1985 is very close
to the pessimistic FEA "constrained estimate" of 204 GWe. Expected
shortfalls on the basis of the latest ERDA and industry figures are
as follows (compare table 7):

=U.S. Nuclear Regulation Commimion, Status Summary Report, Operating Units Statm
Report, Operazt~ng Reactors, Jan. 24, 1975, P. 1-2.

SData received from the Energy Research and Development Administration, April 1975.
" Data received from ERDA, April 1975, One of the factors contributing to this rise

is that the breeder reactor is expected to come online in 1983, according to EIRDA. Industry
estimates are for a later date. Moreover, ERIDA's estimates reflect more optimistic resur-
gence of power reactor building.
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TABLE 9.-ESTIMATED NUCLEAR POWER CAPACITY AND PROJECTED PRODUCTION SHORTFALL OF 3 MAJOR RECENT
ENERGY STUDIES

[in GWeJ

FEA

Un-
OTAB (1975) Constrained constrained NAE (1974)

Estimated capacity ---------------------------------- 275 204-239 234-275 235
Estimated shortfall ---------------------------------. 70 1-34 29-70 120
Estimated shortfall --------------------------------- 89 18-53 48-89 139

a Based on ERDA estimate of 204 OWe capacity by 1985.2Based on industry estimates of 188 GWe capacity by 1985.

Under the assumptions of the studies in table 7, any shortfall of
projected nuclearpower is not likely to be made up b increased
domestic output of coal, natural gas or oil. Each one of these studies
has already maximized potential output of these alternative energy
sources, Hence, the only substitute for any shortfall in nuclear power
will be imported oil (used for electrical generation). The projected
shortfall of nuclear power according to the latest ERDA and industry
figures (see table 9) can be translated into an oil equivalent (table 10).

TABLE IO.-PROJECTED SHORTFALL OF NUCLEAR POWER BY 1985

[In thousands barrels per day oil equivalenti

FEA

CTAB Constrained Unconstrained NAE

ERDA, 1975 ---------------------------------------- 1,960 28-952 812-1,960 3,360
Nuclear industry, 1975 ---------------------------- 2,490 504-1, 684 1, 344-2, 492 3,892

Including the most pessimistic FEA estimate, additional oil im-
ports would range from 28,000 to 3,892,000 b/d, or an average of
1,789,833 b/d. Omitting the most optimistic FEA estimate, additional
oil imports would average 1,950,000 b/d by 1985.

The new revised projections of nuclear power by both ERDA and
the nuclear industry came after a series of construction deferrals in
the fall and winter of 1974. Deferrals are caused by rapid escalation
of construction costs coupled with financial problems of utilities: Other
problems are related to uncertainty of demand for electricity, disputes
about faoility sitings, environmental issues, availability of enriched
uranium for plants to be built after 1982, storage of nuclear waste,
and government regulations. Bills calling for a five-year moratorium
on nuclear powerplant developments have been introduced by
Congress. As the lead-time between licensing nuclear reactors and
completion of construction now ranges from 8 to 10 years, decisions to
delay entail loss of future capacity.29

2 The New York Times reported that by the end of 1974 about half of the nuclear
powerplant projects In the country (112 out of 236) had been cancelled, New York Timea,
Dee. 23, 1974.
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A recent decision by a U.S. Court of Appeals on April 1, 1975,
which declared unlawful and set aside a construction permit issued
by the AEC authorizing the building of a nuclear powerplant on the
south shore of Lake Michigan, may have repercussions reaching far eC
beyond the area. If upheld, the decision might lead to similar suits
elsewhere in the country. The end result may be a further decrease in
the number of projected nuclear powerplants.
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CHAPT•E•R III

OIL RESERVES AND PRODUCTION

Oil and natural gas have been the dominant sources of domestic
energy since the 1940's when they replaced coal which had been the
most important source of energy in the United States for more than
half a century. Oil and gas are expected to maintain their dominant
position beyond 1985, the final year covered, by this study, but both
coal and nuclear power are expected to gain on petroleum in terms of
percentages of total energy production and consumption.

It is not possible to accurately determine the rates of production of
oil and natural gas for future years, and the degree of accuracy of
production forecasts tends to diminish the further one projects into
the future. Because domestic production of oil and gas is directly
related to the reserves of liquid hydrocarbons in the United States and
to prevailing economic conditions, estimates are likely to be revised
whenever major changes occur in one or both of these variables.

OIL RESERVES

Proven reserves of crude oil and natural gas liquids are those which
geological and engineering data demonstrate with reasonable cer-
tainty to be recoverable from known reservoirs under current economic
and technical operating conditions (for a more detailed description of
reserves and resources of oil, see appendix II). In the post World War II
era, oil reserves (including natural gas liquids) increased gradually
until 1970, when proved reserves began to decline. It is not possible to
project if and when this period of decline in our reserve situation
will end.

TABLE 11.-U.S. PROVED RESERVES OF CRUDE OIL AND NATURAL GAS LIQUIDS, 1965-75

(in billions of barrelsi

Year Agency Reserves

1965 ------------------------------------------------ API ----------------------------------- 39.4
1966 ----------------------------------------------- API ----------------------------------- 39.8
1967 ------------------------------------------------ API ----------------------------------- 39.9
1968 ------------------------------------------------ API ----------------------------------- 39.3
1969 ------------------------------------------------ API ------------------------.---------- 37.8
1970 ------------------------------------------------ API ----------------------------------- 46.7
1971 ------------------------------------------------ API ----------------------------------- 45.4
1972 ------------------------------------------------ API ----------------------------------- 43.1
1973 ------------------------------------------------ API ----------------------------------- - 41.8
1974 ------------------------------------------------ API ----------------------------------- 41.8
1974 ------------------------------------------------ FEA ----------------------------------- ' 49. 6
1974 -------------------------------------------- .--- U.S. Geological Survey ------------------- 1 48.3
1975 ---- : .----------------------------------- API ----------------------------------- 40.6

I FEA and USGS figures include indicated additional reserves of crude oil, which may be produced from known reservoirs
in existing fields with the aid of improved recovery techniques.

* Source: American Petroleum Institute, "Annual Statistical Review," petroleum industry statistic.-, 1964-73, Washington
D.C. September 1974, p. 1 (1965-73 figures). 1974 and 1975 figures received from API, FEA. and the U.S. Geological
Survey.
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,Source: U.S. House of Representatives. Committee on Ways and Means. T7& Bnergy
Or(as aud Propoeed ol~utonc. Prepared Statements Presented to Panel Discussion on the
Subject of Petroleum. 94th Congress. 1st Session. Washington, D.C. March 10, 1975, p. 32.

At present, the average percentage of oil that can be recovered
from reservoirs in the United States is 32 percent (in some cases much
more, in others significantly less). About 20 percent can be produced
from primary recovery-oil that will flow unaided from oil reservoir
rock into an oil well-and the remaining 1.2 percent must be produced
with the assistance of secondary and tertiary techniques. These
techniques require that water, steam, other chemicals, etc. be pumped
back into the reservoir to enable oil to flow toward the existing well. C
With the aid of such technique, the United States now produces an
average of 32 percent of the total oil-in-place. Estimates of the
ultimate potentially recoverable oil-in-place range from a nationwide
average of 40 to 50 percent, but most observers now maintain that the
lower figure is likely to be the more accurate one. Assuming that ad-
vanced recovery-techniques will ultimately allow recoverability of 40
-percent of oil-in-place, some 25 billion barrels of oil could eventually be C
added to current reserves. Hence, total recoverable oil resources from
existing fields may reach 65.6 (40.6 billion barrels of current proved
reserves plus 25 billion barrels potentially recoverable with assistance
of advanced secondary and tertiary recovery techniques) billion
barrels. This would provide a reserve/production ratio of 11:1, com-
pared to the current 8:1. C

UNDISCOVERED RECOVERABLE RESOURCES OF OIL

It is certain that'in addition to the proved reserves additional oil
will be found in the United States and in particular in Alaska and
beneath the Continental Shelf. Data on undiscovered recoverable C
resources are no more than "guestimates", because there is no way to

C
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determine with any degree of accuracy the volume of oil that remains
to be found in the United States until most of the interesting prospects
have been thoroughly surveyed, and after actual exploration drilling
has taken place. Hence, resources estimates continue to be subject to
revision as new data become available.

TABLE 12.-UNDISCOVERED RECOVERABLE RESOURCES OF OIL (VARIOUS ESTIMATES)

[in billions of barrelsi

Lower 48
States

Agency Onshore Total

USGS (1972 Theobold, et al.) ------------------------------------------------------------------- 458
USGS ( -74-.... ------------------------------------------------ 110-220 200-400

USS1975)------------------------------50-127N PCMandAA PG------------------------------------------------------70 
73-140

Mobil Oil Corp ---------------------------------------------------- 11 as
M. Kinj Hubbert (1972) ---------------------------------------------------------- 9 72
NAE (1974) ---------------------------------------------------------------- 134 113
Shell OH Corp. (Robert Nanz) 1975 -------------------------------------------------------------- 110

The wide variations in resource estimates arise, in part, from the
use of different predictive techniques. There are two maj or approaches,
geological and mathematical. Although both use oil and gas exploration
and production statistics, geological methods explicitly relate them
to the area or volume of rock strata potentially containing oil or gas
and to the technology used to extract them. Mathematical methods
project future trends using past statistics-thus only implicitly con-
sidering evolutionary trends in geological and technological factors.
The NPC and USGS, for example, use the geological method, Hubbert
the mathematical method.3 0

Notwithstanding the considerable differences in resources estimates,
recent studies in table 12 appear to agree on two points: 1) probable
resources are not likely to be as large as were projected a few years
ago and 2) the bulk of the undiscovered recoverable oil and gas re-
sources are expected to be located in Alaska and off the coasts of the
United States. Also, more recent studies tend to be more pessimistic
about our petroleum resources potential than studies made during the
1960s. Alth~ough it is much too early to say whether the pessimistic
estimates should receive more credence than optimistic evaluations,
the former have been supported by 1974 drilling data. Exploratory
drilling in the United States increased by more than 30% in that
year while discoveries were disappointing, and total oil reserves con-
tinued to decline.

Many geologists maintain that the large onshore oil fields in the
lower 48 States have already been found. Out of thousands of oil
fields in the United States, 13 contained 23 percent of all the oil found
in the United States, and 10 out of these 13 finds were made prior to
1940.81 On the average only about one in 54 new field wildcat wells
result in the discovery of a million barrels or more of recoverable
oil or its equivalent in natural gas. Hence, in view of the extensive
surveys made in the lower 48 States onshore, and the rate of discovery
in this area during the past few decades, it is unlikely that many new
large oil fields will be found outside Alaska and the Continental Shelf.

a Council on Environmental Quality, 008 Oil and Gas--Ats Environmental Aaeessment,
Washington, D.C., April 1974, p. 2-10.

a Bsergy Reporta, No. 86, Apr. 8, 19T5, p. G-8.
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TABLE 13.-U.S. PRODUCTION OF CRUDE OIL, NATURAL GAS, AND NATURAL GAS LIQUIDS (1964-74)

[in millions of barrels per day for oil and trillions of cubic feet of natural gas per year]

1964 1966 1968 1970 1972 1974

Crude oil and condensate ------------- 7,615 8,295 9,095 9,635 9, 440 8,765
Natural gas liquids .................. 1,155 1,285 1,505 1,660 1,745 1, 688

Total ---------------------- 8.770 9 580 10600 11 295 11.185 10 453
Natural gas ------------------ 15.3 17.5 19.4 H2.0 a. 5 H. 3

Source: "British Petroleum Statistical Review of tUp World Industry, 1973," London, 1974. p. 19. Federal Power Com-
mission, natural gas survey, vol. 1, chap. 9 "Future Domestic Natural Gas Supplies" Washington, D.C. 1974 p. 2 0.

TABLE 14.-SELECTIVE FORECASTS OF U.S. OIL PRODUCTION

[Million barrels of oil per dayl

Source 1975 1980 1985 1990 2000

National Petroleum Council (1972):
Case:

I -------------------------------------- 10.2 13.6 15.5 ........................
il - -- - --.............................. 10.2 12.9 13.9 ........................
Il------------------------------------ 9.8 11.6 11.8 ------------------------
IV -------------------------------------- 9.6 8.9 10.4 ........................

Standard Research Institute (1972) ............... 10.5 11. 5 ------------ 14.5 ------------
Shell OilCo. (1974; crude oil and NGL) ............ 10.0 10.6 11.4 12.3 ............
British Petroleum (1973) ------------------------- 10.3 11. 5 11.5 ........................
M. King Hubbert (1974) -------------------------- 10.1 10. 1 9.2 ------------ 6.2
Department of the Interior (1974, unpublished) ----- 10.4 11.9 14.5 ------------ 13.6
Ford Foundation Energy Policy Project (1974):

Historic growth:
High imports --------------------------------------- IL2 11.2 ------------ 10.5
High fossil fuel ------------------------------------- 12.8 14.4 ------------- 19.2
High nuclear ---------------------------------------- 11.2 11.2 ------------ 10.5

TechniCal fix:
Base case ------------------------------------------------------ 11.9 ------------ 14.9
Low nuclear ---------------------------------------------------- 13.7 ------------ 15.2
High nuclear . . . ..--------------------------------------- 11.9 ------------ 11.9

MIT (1974; crude oil and NGL):
$7 per barrel ------------------------------------------- 10.5 ....................................
$9 per barrel ------------------------------------------- 12.L6 ..................................
$11 per barrel ---------------------------------- e------- 14.8 ....................................

National Academy of Engineering (1974; crude oil
and NGL) ---------..------------------------------------------....... 12.5 ........................

Atlantic Richfield Co. (1974) ---------------------------------------------- 15.3 ........................
Hendrick S. Hauthakker (1974; crude oil and NGL):Iorper barrel ------------------------------------------ 12.1 .......................

per barrel ------------------------------------------------------ 15.1 ........................
10 per barrel ---------------------------------------------------- 17.6 ........................

David G. Snow (1974; crude oil and NGL) ---------- 10.2 14.6 15.5 ........................
FEA (1974 Project Independence):

$7 per barrel (business as usual) ------------------------- 11.1 11.9 ------------------------
$11 per barrel (business as usual) ------------------------ 12.2 15.1 ........................
$7 per barrel (accelerated development) ------------------- 12.9 16.9 ........................
$11 per barrel (accelerated development) ----------------- 13. 5 20.0 ........................

CEr (1974) --------------------------------------------- 11.2 ........................
CTAB (Commerce Department, 1975) -----------------------'""--------12. ........................
Clark Associates (1974) ----------------------------------- -- 12. 0 13.5 ........................
This study ------------------------ ------------ 9.6 11.0 12.0 ........................

In addition to Alaska, the continental shelves of the Atlantic, Pacific,
and the Gulf of Mexico offer the best hopes for future major di,-
coveries. Only about 5 percent of the continental shelf of the United
States has been surveyed for oil and gas but prospects aie generally
considered favorable within each of the major areas.
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TABLE 15.-OFFSHORE OIL ESTIMATES BY REGION

lin billions of barrels)

USGS (1970) USGS (1974) NPC (1974) Mobil(1974) USGS (1975)

Gulf of Mexico ........................ 60 20-40 19 14 3-8
Pacific ------------------------------- 8 5-10 17 14 2-5
Alaska ------------------------------- 54 30-60 29 20 3-31
Atlantic ------------------------------ 42 10-20 6 6 2-4

Total -------------------------- 164 65-130 71 54 10-48

Of our total 1973 production of crude oil and natural gas liquids of
10.1 million b/d, 1.8 million b/d or about 19 percent was produced
from offshore areas. This is expected to rise to around 30 percent by1985.

OIL PRODUCTION

United States oil production (including condensate and natural •as
liquids) steadily increased until it peaked at 11,297,000 b/d (of which
9,180 b/d are crude oil). From 1970 onward, production has gradually
declined to 10,453,000 b/d and unless the price of old oil is decontrolled
soon, production is expected to decrease even further until the. Alaskan
tipeline brings in oil from the Alaskan fields in 1977. Production will
begin to rise gradually after 1977 until sometime in the 1980's or early
1990's when the nation is expected to reach its all time peak.-' Esti-
mates of U.S. oil production by 1980 and 1985 differ considerably,
depending on the range of assumptions made by the forecasters (see
table 14). However, in light of recent re-evaluations of our potential
recoverable oil resources by government agencies and private oil com-
panies, some of the projections of future domestic oil production by
the FEA and a few other forecasters are probably on the high side.

For example, FEA's Project Independence study maintains in its
"business as usual" analysis that at prices of about $7 to $11 (1973
dollars) domestic oil production would increase by 1980 to 11.1 to
12.2 million b/d respectively, and by 1985 to 11.9 to 15.1 million b/d.
Under FEA "accelerated development" assumptions (which included
accelerated OCS leasing and opening up of Naval Reserve No. 4 in
Alaska) at $7 to $11 per barrel, production in 1980 would be 12.9 to
13.5 million b/d respectively, and in 1985, 16.9 to 20.0 million b/d.Y

This means that under the "business as usual", $7 per barrel scenario,
according to the FEA's own estimates, 49.5 billion barrels of oil would
need to be produced from 1974-1988 (which is more than current
proved reserves in the U.S.). Under the "accelerated development"
scenario, at a price of $11, cumulative production between 1974 and
1988 would need to be 73.2 billion barrels. In order to maintain an
acceptable reserves-production ratio, the FEA study suggests that
assuming reserves in 1988 would equal ten times the then current
production rate, 92 billion barrels of producible crude oil and natural

as liquids would have to be added as reserves between now and 1988
about 78 billion barrels of this total would be crude oil).84

"Shell News, v. 43, No. 1, 1975, p. 9. See also table 26, p. 35.
3 Federal Energy Administration. Project Independence, Oi; Possible Levela of Future

Production, Washington, D.C.. November 1974, p. 2.91Ibid., p. 5.
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The 78 billion barrels of oil represent a figure larger than total un-
discovered recoverable oil resources as projected by M. King Hubbert
and the lower estimates of the USGS and the NPC/AAPG, and about

of the higher USGS and the NAS estimates. (See table 12.)
In a critique on Project Independence, the Commerce Technical

Advisory Board (CTAB) in a report to the Department of Commerce,
indicates that in order to achieve a production figure of 16 million
b/d of oil, it would require a 1985 discovery rate never achieved in
the last 30 years, and total footage drilled in 1985 would have to be
twice the accelerated 1974 level. 35 In light of recent re-evaluations
of ultimate recoverable petroleum resources in the United States,
many petroleum geologists are questioning the validity of the Project
Independence projections.

On the basis of the various estimates in table 14 and from many
private conversations with oil company executives and government
officials, one may conclude that a domestic oil production of 10 to 11
million b/d in 1980, and 11 to 12 million b/d by 1985 from all conven-
tional sources-onshore and offshore--seems the maidmum attainable.
Because production from existing onshore sources could very well
decline to about 5 million b/d by 1985 (5.6 incC. oil produced with C
tertiary recovery techniques), much of the 11-12 million b/d of oil will
have to be produced from Alaskan and OCS lands. The North Slope is
expected to contribute about 2 million b/d by the early 1980s, and
the maximum production from Alaskan, Atlantic, Pacific and Gulf of
Mexico OCS will probably not exceed 3.5 to 4 million b/d (see table
16). The final environmental impact statement on the accelerated
OCS leasing plan proposed by the Department of the Interior, pro-
jects that accelerated oil and gas leasing on OCS lands could provide
approximately 3.0 million b/d of oil and 12 billion cubic feet of natural
tras per day.

TABLE 16.-FORECASTS OF MAXIMUM OFFSHORE OIL PRODUCTION BY 1985 C

(in thousands of barrels a day]

Area FEA CEQ This study

Gulf of Mexico .... ............................. 2,100-2, 500 ............... 1,500
Pacific --------------------------------- 500-1,300 ............... 500-750
Atlantic ----------------- 500 1,500 1,000-1, 500
Alaska ............. 780 500 500 C

Total ---------------------------- ----------------- . 880-5,080 -------------- 3, 500-4, 250

Assumptions underlying these estimates include a favorable govern-
ment policy concerning leasing, exploration and rapid development
of potential resources in frontier areas, availability of capital, etc.
If 00 discoveries prove disappointing, or in case of serious delays in C
leasing of OCS lands, production estimates may need to be revised
downward. Offshore production in fact peaked in Texas in 1968, in
California in 1971, and in Louisiana in 1972. Production from the
Gulf of Mexico, however, is likely to increase again as a result of large
lease sales during the past few years, and California production may
also grow now that drilling in the Santa Barbara Channel has been C

05 U.S. Department of Commerce, GTAB Recommendation jfor a National Energy
Program, Was1ington, D.C., February 1975, p. 51.

C
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resumed. But, time is of the essence. Even in areas close to established
supply base and where petroleum-related infrastructure is already in
exstence (the Gulf Coast), development of leeses may require about
3 years. Development of leases in hostile areas farther away from
supply bases and infrastructure may require lead-times of 7 to 10
years.

Estimates of U.S. domestic oil production by the FEA (1974 Pro-
ject Independence), the CTAB (1975 study of an advisory body to
the Department of Commerce) and the National Academy of Engi-
neering (1974) differ considerably. Because coal and nuclear power are
already expected to fall short of projections made in these same
studies, any shortfall of domestic oil production is likely to be met by
further increases in oil imports.

TABLE 17.-ESTIMATED DOMESTIC OIL PRODUCTION AND PROJECTED SHORTFALL IN 1985

Iun million of barrels per dayl

CTAB 1975 FEA (1974) NAE (1974)

Estimated production -------------------------------------- 12 11.9-12.2 16.9-20 12.5
This study ----------------------------------------------- 12 12 12.0
Shortfall ------------------------------------------------- 0 -. 1- .2 4.9- 8 0



C

ec

CHAPTER IV

NATURAL GAS RESERVES AND PRODUCTION

NATURAL GAS RESERVES

Proven reserves of natural gas are those which geological and en-
gineering data demonstrate with reasonable certainty to be recover-
able from known reservoirs under current economic and technical
operating conditions. Reserves grew rapidly until 1970 when proved
reserves peaked at 290.75 trillion cubic feet (TCF). When the Nation
turned rapidly to this cleanest of all fuels in the 1950's and 1960's
(production grew from 6.28 TCF in 1950 to 21.9 TCF in 1970), addi-
tions to reserves could no longer keep up with increased consumption.
As a result, the effective life of US. natural gas reserves declined
from about 30 years in 1950 to 13 years in 1970 and slightly more
than 10 :years at present consumption rates.86 Production of natural C
gas has risen rapidly until last year when it peaked at approximately
22.5 '.CF in 1973.

TABLE 18.-U.S. PROVEN RESERVES OF NATURAL GAS, 1965-75

Effective life
of reserves

Year Reserves Production (in years)

1965 ------------------------------------------------------------- 286.47 16.04 17.9
1966 ............................................................ 289.33 17.21 16.8
1967 ............................................................. 292.91 18.1 16.1
1968------------------------------------------------------------- 287.35 19.32 14.9
1969 ............................................................. 275.11 20.7 13.3
1970 ------------------------------------------------------------- 290.47 21.92 13.3
1971 --------------------------------------------------------------. 278.80 22.49 12.4
1972 ............................................................. 266.08 22.53 11.8
1973 ............................................................. 249.95 22.46 11.1
1974 ------------------------------------------------------------- 237.10 22.71 10.9

Source: De Golyer and MacNaugilton, op. cit, p. 70. Federal Power Commission (for 1974).

Table 18 indicates that gas reserve additions increased production
rates until 1968 when reserve additions were more than 7 TCF lower
than production. From 1969 onward, reserve additions have been less
than % of the production rate (with the exception of the 1970 Alaska
find).

ADVANCED RicovERY TECHNIQUES

Recovery efficiency of natural gas is much higher than that of oil
(sometimes as high as 75-80 percent of the original gas-in-place),
but new advanced techniques--such as fracturing of rocks wiih
conventional or nuclear explosives-may further increase recovery
efficiency in the future.

' DeGolyer and MacNaughton, Twentieth Century Petroleum Statistics, Dallas. Texas.
September 1, 1974, p. 70. (28)
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UNDISCOVERED RECOVERABLE RESOURCES Or NATURAL GAS

It is certain that in addition to proved reserves more natural gas
will be found in the lower 48 States, in Alaska and beneath the con-
tinental shelf. Since there is no way to determine the actual volume of
resources until most prospective structures have been surveyed and
an extensive exploratory drilling program has been conducted, all
estimates in table 19 are subject to revision.

TABLE 19.--UNDISCOVERED RECOVERABLE RESOURCES OF NATURAL GAS (VARIOUS ESTIMATES IN TCF)

Agency Lower 48 States onshore Total

M. King Hubbert (1969) ------------------ 377 (including offshore) -------------------- 494.
M. King Hubbert (1972) ------------------ 100 -------------------------------------- 562.
Linden (1972) -------------------------------- 380 to 553 (including offshore) -------------- 558 to 687.
Moore (1970) --------------------------------------------------------------------------- 841.
Mobil Oil Corp- .---------------------------.----------------------------------.......... 443.
NPC and AAA -------------------------------- 550 -------------------------------------- 595 to 1,227.
USGS (1974) ......................... 593 to 1.117 ---------------------------- 1130 to 2,250.
USGS (1975) .............. ; ------------------------------------------------------------- 322 to 65?
National Academy of Engineering (1974) --------- About 160 -------------------------------- 530.
PGC ----------------------------------------- 550 -------------------------------------- 1,146.

Sources: Federal Energy Administration, Project Independence Blueprint, "Natural Gas." Washington, D.C., November
1974, pp. 1-19. Washington Academy of Sciences, "Mineral Resources and the Environment," Washington, D.C, 1975.
p. 89. United States Geological Survey.

The wide variations in estimates of natural gas potential stem to
a large extent from different predictive techniques (see chapter
III, p. 21).

However, like the estimates of potential domestic oil resources
in chapter III, most recent studies tend to agree that potential
resources of natural gas are not likely to be as large as projected by
USGS only one year ago, and that much of the potential undiscovered
resources of natural gas is likely to be located in Alaska and beneath
the continental shelves.

TABLE 20.-OFFSHORE NATURAL GAS ESTIMATES BY REGION

tin trillions of cubic feet]

USGS USGS NPC Mobil USGS
(1970) (1974) (1972) (1974) (1975)

Gulf of Mexico ........................ 250-425 160-320 220 69 18-91
Pacific ------------------------------- 15-25 10-20 25 69 2-6
Alaska ............................... 170-340 170-340 185 105 8-80
Atlantic ------------------------------ 55-110 55-110 60 31 5-14

Total -------------------------- 490-900 395-790 490 274 33-191

Offshore natural gas production has increased rapidly both in
absolute terms and as a percentage of total domestic production. Of a
total of 22.6 TOF of natural gas produced in 1973, 3.2 TCF (or slightly
less than 20 percent) was produced from offshore areas. The contribu-
tion of offshore gas could rise to about 30 percent of total domestic
production of natural gas by 1985.
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NATURAL GAS SHORTAGE c
Nineteen seventy-four signaled the sixth yearly decline in proved

natural gas reserves in the country in the past seven years. Only the
Prudhoe Bay discovery of 26 TCF in 1970 kept the industry from
recording its 7th consecutive reserves decline in 1974.

The Bureau of Natural Gas of the Federal Power Administration C
warned of the pending shortage in a report in 1969:

Evidence is mounting that the supply of natural gas is diminishing to critical
levels in relation to demand ... On the basis of current trends, only a few years
remain before demand will outrun supply."

In a follow-up report released in February 1972, the Bureau of
Natural Gas predicted that gas production would peak in the mid- c
seventies (appears to have peaked in 1973), and that shortages would
be of long duration leading to supply deficiencies of 9 TCF in 1980 and
17 TCF in 1990, even after optimistic allowance for new supplies from
supplemental sources such as gasification of coal and gas imports.3 8

No new government-industry programs have been launched between
the time when the 1969 report was issued and today, and consequently
it is no longer possible to insure continuing gas service continuingat C
1973 levels, -much less at levels necessary for sustained growth. For
the next couple of years output of natural gas is likely to continue to
decline at about 4 percent per year. This will result in service curtail-
ments, widespread plant and business shutdowns and local unemploy-
ment and economic problems.3" For the longer term, accelerated leasing
of Federal lands, increased exploration incentives, and development of
substitute sources of energy can provide new increments of supply.
Another alternative is to substitute oil for gas (imported oil), and to
import more LNG (medium to longer term).

What hap pened to oil production in 1970, happened to natural gas
in 1973. Both reached their record high production level and produc-
tion has begun to decline. Events in recent years have tended to lend C
credibility to the lower range of oil and gas estimates (see table 19).
There has been a significant increase in the level of exploratory drilling
for gas over the past several years, yet discoveries and reserve
additions continue to decline. The Federal Power Commission states:
"Presumably, the oil companies are drilling their best prospects but
are finding fewer gas deposits of significant size." 4o For example, c
while drilling effort in 1973 was about one-third higher than in 1966,
reserve additions declined from about 13 TCF to approximately
9 TCF, and the discovery rate diminished from 536 MCF/foot in 1966
to 254 MCF/foot in 1973. The number of significant gas discoveries
(defined as fields of more than 6 billion cubic feet of ultimately
recoverable proved reserves) declined from 99 in 1957 to 41 in 1967 c
(no later figures available)."

Projecting current trends into the future, the FPC maintains that
the average addition to new natural gas reserves of 9 TCF for the
period 1968-73 in the lower 48 States can be reasonably expected to

"Federal Power Commlsslon, A Realtio View o1 U.S. Naturo Goas Supp"W, Staff
Report, Washington, D.C., December 1974, p. 1. C

Ibid., p. 2.39 Ibid.: p. 2. l
0 Ibid., p. 5.

41 Ibid., p. 8.
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continue. This would mean that natural gas production in this
instance would fall an average of 4 percent a year to 1985 when
production would be 13.8 TCF.4

If one were to project additions to reserves equal to the average of
the past 14 years since 1960, i.e. 14.7 TCF per year, production
would gradually decline by 2 percent per year, reaching 17 TCF
in 1985.8

The FPC also estimated that in order to maintain the 1973 level of
gas production of 22.6 TCF, annual reserve additions must rise to the
22-24 TCF range by 1975 and then remain at that level. In view of the
performance of the industry over its entire history to date and
particularly in view of its performance over the last six years, the FPC
does not believe this probable."

Hence, further production growth appears highly unlikely at this
time. Even a modest production growth rate of one percent per year
(experienced between 1970-1973) would require annual reserve
additions of approximately 27 TCF per year (compared with slightly
over 9 TCF m 1973).

In a major natural gas survey study undertaken by the FPC in
1974, four possible supply situations were projected for the future.
Case I assumed little or no change in the current situation; cases II
and III were more optimistic intermediate cases; and, case IV assumed
maximum supply presumed available (responding significantly to
increases in the wellhead price of gas). The report indicated that case
II was considered "reasonably assured" and case III was believed
to be attainable.48

TABLE 21.-FUTURE AVAILABLE GAS SUPPLY FORECASTS
ITrillion cubic feet"

Case Case 11 Case III
Actual

Source 197A 1975 1980 1985 1975 1980 1985 1975 1980 1985

Conventional sources (United
States) total ----------- 22.0 22.2 19. 1 15.1 22.5 20.6 20.0 22.6 24.7 23.6

lower 48 States --------- 21.8 22.0 18.9 14.8 22.3 20.3 17.6 22.4 22.3 20.2
Substitute natural gas ------------------------ .2 .7 -------- .3 1.1---------.4 1.3
Total domestic su .-------- 22.0 22.2 19.3 15.8 22.5 20.9 21.1 22.6 25.1 24.9
Forelgnimperial tota --------. 8 1.4 2.1 2.2 1.8 3.8 4.2 2.2 6.1 7.7

fwhich by pipeline .8 1.0 1.0 .9 1.2 1.3 1.4 1.2 1.9 2.2

Total -------------- 22.8 23.6 21.4 18.0 24.3 24.7 25.3 24.8 31.2 32.6

Unless there is a considerable change in natural gas discoveries, even
the forecasts under case II now appear to be optimistic. Privately,
some experts at the Federal Power Commission agree that actual
production in 1980 and 1985 is likely to be closer to the figures pro-
jected under case I. They do not expect the industry to add the 14.7
TCF of gas per year to reserves needed to produce more than 17 TCF
from the lower 48 States.

Based on various personal conversations with natural gas experts at
the Federal Power Commission and industry officials, it now seems

4 Ibid., p, 12
4 Ibid., p. 12.
"Tid., p. 1M.
'3Federal Power Commission, Natoml G" Sxrvey, vol. L, Chapter 9, Future Domestic

Natural Gas Supplied, Washington, D.C., 1974, p. 7.
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likely that natural gas production will be significantly lower in 1980
and 1985 than it is today. This study's projections of total domestic
production of conventional and synthetic gas for 1980 and 1985 C
are 17.0 and 19.0 TCF respectively. The 17.0 TCF in 1980 would be
produced from the lower 48 States (onshore and offshore). By 1985,
production in the lower 48 States would have stabilized at 17.0 TCF,
Alaskan gas would contribute 1.5 TCF and 0.5 TCF would come from
synthetic sources.

C
TABLE 22.-ESTIMATED DOMESTIC NATURAL GAS PRODUCTION AND PROJECTED SHORTFALL IN 1985

11n Trillions of cubic feet)

FEA (1974)
NPC (1972) EPC (1974)

cases Iand III BAU AD NAE(1974) CTABO975) cases land II

Estimated domestic
production ----------- 20.4-26.5, 24-44.9 23-29 29.7 22 15.8-21.1

This study ------------- 19 -------------- 19 19.0 19 19.0
Shotfal.------------- 1.4- 7.5 5-5.9 4-10 10.7 3 +3.2- -2.1

Table 22 shows a production shortfall on the basis of a domestic
production of natural gas of 19.0 TCF/year by 1985. Our projection is
based on a recent forecast by the Federal Power Commission for the
lower 48 States and on production estimates for Alaska, provided by
the American Gas Association.'0

An earlier study by the FPC (see table 21) shows that if the current
rate of additions to natural gas reserves continues (9 TCF average
between 1968-73), domestic production would be 15.8 TCF by 1985.
Assuming a substantial improvement of the finding rate back to the
1960-73 average of 14.7 TCF per year-an assumption FPC officials
privately hold overly optimistic-production would still fall short
of the NPC, FEA, NAE and CTAB estimates in table 22.

Canadian imports of natural gas were estimated at 0.960 TCF by
1985. However, this cautious optimism has changed recently into
pessimism when Canada announced its natural gas exports phaseout
plan (see chapter VIII).

The most likely substitutes for any shortfall in natural gas produc-
tion are imported oil and some liquid natural gas (conversion ratio:
1 TCF of natural gas per year is approximately 472,000 barrels of oil
per day).

" For an a of the FPC study, see: Pederal Posver Oommaasion, A, Realisto Vciew
of U.S. Notu'al p luy, op. cit.
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CHAPTER V

U.S. DOMESTIC ENERGY FORECASTS THROUGH 1985

In the space of one hundred and seventy six years the lower Mississippi
has shortened itself 242 miles. That is an average of a trifle over one
mile and a third per year. Therefore, any calm person who is not blind or
idiotic, can see that in the old Oolitic Silurian Period, just a million years
ago next November, the Lower Mississippi River was upward of one
million three hundred thousand miles long. By the same token any person
can see that seven hundred and forty-two years from now the Lower
Mississippi will be only a mile and three quarters long. There is some-
thing fascinating about science. One gets such wholesale returns of con-
jecture out of such a trifling investment of fact.

MARK TwAIn.

There is a danger of simply extrapolating current demand and supply
for energy into the future. In doing so one may overlook factors that
could play a major role in changing our forecasts, but which cannot be
foreseen at this time. Hence, our energy demand and supply forecasts
do not project what the future will be, but provide the most likely
ranges of demand and supply if current trends continue. This study
has singled out 1977, 1980 and 1985 for the following reasons: (1) if
recent economic indicators are correct, the Nation is recovering from
the worst post-war recession, and consequently energy demand is
likely to soar over the next eighteen months; (2) domestic oil supply
is likely to reach its lowest level in years prior to the completion of the
Alaska pipeline in the fall of 1977; (3) natural gas supply is likely to
continue its rapid decline, and even complete decontrol is not pro-j ected to reverse the decline within the next few years; (3) 1985 has
been the target year for Project Independence; (4) by 1985 significant
additional oil supplies and some additional gas supplies will be avail-
able from Alaska and the outer continental shelf; (5) provided major
efforts in supporting private enterprise, the President's plan of adding
1 million b/d of synthetic fuels could be realized; (6) assuming no
additional major cancellations of nuclear and coal-fired powerplants,
nuclear energy and coal should play a major role in electricity genera-
tion by 1985; (7) under favorable supply conditions, the Nation could
reach its highest dependence on foreign oil in the early 1980's.

In view of many uncertainties connected with energy growth rates,
the effects of higher prices on demand, the degree of success of de-
coupling energy growth rates from GNP growth, substitution of oil
for natural gas, interruption of foreign oil supplies, and so on energy
growth rates in the United States could range anywhere between
2 percent and 4 percent in the next ten years.

(33)
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TABLE 23.-ENERGY DEMAND FORECASTS IN THE U.S. 9C

[In millions of barrels per day oil equivalent]

Percent

2.0 2.5 2.8 3.1 3.5 4.0

1974 (actual) ----------------------------------- 36.5 36.5 36.5 36.5 36.5 36.5
1975 (projected) ----------------------------- 36.2 ' 36.2 36.2 36,2 36.2 36.2
1977 ------------------------------------------- 37.6 38.0 38.3 38.5 38.8 39.1
1980 ------------------------------------------- 39.9 40.9 41.6 42.2 43.0 44.0
1985 ........................................... 44.0 46.3 47.7 49.1 51.0 54.0

11975 energy demand estimate based on Data Resources Industry projection.

Long-term historical energy growth in the United States bha aver-
aged around 3.5 percent per year, but from the middle 1960's until the
1973 Arab oil embargo, energy demand in the U.S. grew at an all-time
high of 4.5 percent. It seems unlikely, in view of the current high cost of
energy, that energy demand will grow as rapidly again.. On the other
hand, reducing energy growth rates to 2% orless during the 1975-1985
period, without impairing sound economic growth rates averaging be-
tween 3% and 3.5%, is probably unrealistic. Hence, this study projects
energy growth rates avera g between 2.8 and 3.1% for the next dec-
ade, from 1975 to 1985. Energy forecasts by the Department of the
Interior for the same period as covered by this study range between
38.4 and 39.3 million b/d for 1977; between 41.0 and 43.1 million b/d in
1980; and, between 47.1 and 51.5 million b/d by 1985.41 The estimates
by the Department of the Interior assume the price of oil at $11.00 per
barrel. The lower estimates assume successful conservation. The most
probable energy demand projections in this study are generally within
the same range as the D.W.I. forecast.

TABLE 24.-ESTIMATE OF MAJOR SOURCES OF DOMESTIC ENERGY SUPPLY IN 1985

Source Range of estimates Planning base

Oiln ................................. 11-12 MM barrels per day ............... 12 MM barrels per day.
Natural gas (including syngas) ........... 15.8-24.5 T df per year -------------- 9T-cf per year.
Coal ................................. 800-1,000 million tons per year ......... 900 million tons per year.
Nuclear energy ------------------------ : 188-245 GWe ....................... 188 GWe.
Hydropower ................... "......58-65 We .......................... 58 GWe.
Geothermal ----------- 3-8 GWe ............................. 3 GWe.
Shale oil --------------. ----------- 0.25-0.5 MM barrels per day ........... 0.5 MM barrels per day.

TABLE 25.-FORECASTS OF MAJOR SOURCES OF ENERGY SUPPLY IN THE UNITED STATES

Source 1973 1977 1980 1985

Oil (crude end natural gas liquids) (millions of barrels
pr day). ............................... 10.1 10.0 11.0 12.0

Natural Gas (trilhn cbic feet par year)...-..-...... . 22.5 19.0 17.0 19.0
Coal (tons per year) ................................. 600.0 700.0 800.0 900.0
Nuclear (aWe) ....................................... 21.0 55..6 87.0 188.Hydro (OWe) .............................-....-- -- 54. 0 2O --0-5.6. 7.0. 18-. 0
Snale lI ................................. -. '..'--.0 0 .2 .5Geothermal (GWe) .................................... Negi Negi .1 0. 0

On the basis of current estimates by industry and government, the
following energy-supply forecast has been made:

41 U.S. Department of the Interior. EnevrgV Perspectives. Washington. D.C.. February
1975, p. 54.
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TABLE 26.--FORECASTS OF MAJOR SOURCES OF ENERGY SUPPLY IN THE UNITED STATES

(in millions of barrels a day oil-equivalentl

Source 1973 1977 1980 1985

Oil (crude and natural gas liquids) -------------------- 10.1 '10.0 ILO 12. 0
Natural gas (including synps) ------------------------ 10.6 8. 9 8.0 8,9
Coal ----------------------------------------------- 6.4 7.4 8.2 9.7
Nuclear -------------------------------------------- .4 1.6 2.4 5.3
Hydro --------------------------------------------- 1.4 1.4 1. 5 1.7
Geothermal ----------------------------------------- Negl NeO .1 .2
Shale oil ........................................... 0 0 .2 .5
Other (solid waste, syncrude. solar) ------------------- 0 0 .2 .4

Total ........................................ 28.9 29.3 31.6 38.7

Supply estimate assumes complete oil decontrol. Decontrol of old oil could add as much as 300,000 barrels per day
according to FEA estimates.

Note: I trillion cubic feet per year equals 472,000 barrels per day; 1,000,000 tons of coal equals 3,000,000 to 4,000,000
barrels of oil; 1 GWe equals 28,000 barrels per day.

These estimates are for the purpose of planning, and actual produc-
tion is likely to be different from these figures, especially for projections
as far, into the future as 1985. However, on the basis of current
knowledge, based on data collected by industry and government
sources, production estimates in this study appear realistic, if not
slightly optimistic, particularly for 1985. Production figures were
derived by making a number of assumptions which have been dis-
cussed in earlier chapters. Suffice to summarize assumptions used in
this analysis:

1. Oil production peaked in 1970 and has declined ever since. In
this study we have assumed complete decontrol of old oil by 1977.
Decontro could add as much as 300,000 b/d by 1977. After 1977,
oil production will increase due to availability of Alaskan crude.
1980 projection of 11.0 million b/d would come from the following
sources: 6.8 million b/d from the lower 48 States onshore; 1.8 million
b/d from Alaska; 0.2 million b/d tertiary iecovery; 2.2 millions b/d
offshore oil. Production of 12.0 million b/d by 1985 would come from
the following sources: 4.9 million b/d onshore Lower 48 States; 0.6
tertiary recovery; 2.2 from Alaska; and, 3.8 million b/d from offshore
sources. Estimates of offshore oil for 1980 and 1985 are high and as-
sume successful finding rates in the OCS, and implementation of the
accelerated leasing program proposed by the Administration. It also
assumes significant offshore discoveries within the next few years,
and shortening of the lead-times between leasing and full production.
Many observers now believe that the projections for offshore oil in this
study are difficult to obtain, and actual production may fall-short by
as much as 1 million b/d by 1980 and 1985. Assuming that significant
oil discoveries are made in Naval Petroleum Reserve No. 4 on the
Alaskan North Slope within the next decade, this study does not pro-
ject any production from this potential source until an additional
pipeline has been constructed sometime after 1985. This study also
assumes successful implementation of the President's multi-billion-
dollar program to aid industry in the development of synthetic fuels.
Without massive Federal aid, estimates for synthetic fuels by 1985
should be decreased by at least 700,000 b/d, resulting in additional
oil imports.

2. Natural gas production is expected to continue its current decline
at least until the early 1980's when we project that additional supplies
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from Alaska and offshore areas should become available. Continuation C
of the 1973 peak production of 22.5 TCF does not seem likely even if
price decontrol takes place. It would mean that between 1975 and 1985
an average of 22.5 TCF would be added to reserves every year in order
to maintain the current reserve-production ratio of 11 years. In the
entire history of U.S. natural gas production this has only happened
twice. In 1970, when the Prudhoe Bay find added 26.0 TCF to reserves,
and in 1956, when 24.7 TCF were added to reserves. Average additions
to reserves between 1968 and 1973 have been 9.5 TCF, and between
1960-1973 an average of 14.7 TOF were added. With the exception
of the Prudhoe discovery the major decline in reserve additions set in
in 1968, when additions to reserves were about 8 TCF less than the
year before. In our analysis we assume some decontrol of natural gas, C
and expect that the upsurge in exploratory activities will reverse the
current decline in reserve additions somewhat. As continuation of the
1973 peak production does not seem very realistic in view of the fact
that between 1975 and 1985 a "Prudhoe"-type discovery would have
to be made every year, a somewhat more realistic assumption has been
made, leading to the conclusion that the current decline in reserve C
additions will be reversed in the near future. A return to the 1960-
1973 average of 14.7 TCF of reserve additions per year seems opti-
mistic, but quite possible. However an immediate effect on produc-
tion is not expected because of the iead-time between discovery and
full production. Hence, we have concluded that production will con-
tinue to decline rapidly for some years to come, with a reversal by
the end of the decade and by :the early 1980's when the combination
of increased exploration activities and the availability of Alaskan
natural gas are likely to reverse the decline.

The 1980 projection includes 0.1 TCF of syngas; the 1985 estimate
includes 1.5 TCF of Alaskan gas and 0.5 of syngas. If, however, the
1968-1973 trend prevails (with reserve additions of 9 TCF per year),
production decline will continue beyond the end of the decade into C
the 1980's, leaving us with a production of 15.8 TCF in 1985, of which
2 TCF is Alaskan and syngas. Assuming that shortfalls in natural
gas production will be made up by imported oil, such a shortfall would
translate into 1.4 million b/d additional oil imports.

Coal.-U.S. coal resources are said to contain 37 times as many
Btu's as the entire Middle Eastern oil reserves. However, many C
observers now agree that the FEA blueprint was overly optimistic in
assuming that 1.2 billion tons/year would be produced by 1985. In
table 25 a domestic utilization of 700 million tons in 1977 (of which 100
million Western coal); 800 million tons in 1980 (of which 200 million
Western coal has been projected); and 900 million in 1985 (of which
300 million Western coal). Some analysts believe that 900 million is C
the maximum utilization figure for 1985, with 800 million tons as a
clear possibility. Depending on the mix of Eastern and Western coal,
production shortfalls again might have to be made up by importing
more oil (1 to 1.5 million b/d). If, however, optimists prove to be right
and production reaches 1,000 million tons in 1985, imports could be
reduced by 1 to 1.5 million b/d. C

Nuclear energy, the great promise of the 1960's is still expected to
grow rapidly during the next ten years but not as rapidly as was

C
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projected in most energy studies of the 1960's and early 70's. Industry
forecasts are for a production of 55.6 GWe in 1977, 87 GWe in 1980
and 188 GWe in 1985, provided that no additional plant cancellations
occur in the next few years.

Hydropower is expected to grow slightly beyond current capacity,
and geothermal energy has been projected to make a minor contri-
bution to total energy needs by 1980.

We have assumed that the serious shortfall in natural gas production
and possible shortfalls of other energy sources will be made up by
importing more oil. The only short-term alternative to increasing oil
imports will be rationing, which will almost certainly result in slower
economic growth and higher unemployment.

Comparimg our supply forecasts with energy demand projections
(see table 23) for the United States by 1977; 1980, 1985, energy
imports would be as follows:

TABLE 27.-PROJECTED OIL AND NATURAL GAS IMPORTS AT DIFFERENT RATES OF ENERGY GROWTH

tin millions of barrels a day oil equivalent]

Year 2 percent 2.5 percent 2.8 percent 3.1 percent 3.5 percent 4 percent

1974 (actual imports)._. 6.0 6.0 6 6.0 6.0 6.0

1977 ------------------- 8.3 8.7 9 9.2 9.5 9.8
1980 ------------------- 8.3 9.3 10 10.6 11.4 12.4
1985 ................ 5.3 7.6 9 10.4 12.3 15.3

These figures include natural gas imports from Canada which are
now running at about 1 TCF/year (or 472,000 b/d in oil equivalent),
and may continue at this rate under favorable circumstances (see
section on Canada). The remainder will almost exclusively consist of
crude oil and oil product imports from Eastern and Western Hemi-
sphere sources, with some LNG (from Eastern Hemisphere sources)
possible as early as 1979-80.

Given the high cost of energy and subsequent efforts to maximize
conservation, energy growth rates of 4 percent are no longer con-
sidered probable in the United States. On the other hand, an energy
growth rate of 2 percent could mean very slow economic growth over
the next decade combined with a successful conservation program.
Most forecasts today project between 2.5 and 3.5 percent energy growth
per year, depending on the rate of economic growth and conservation
prospects. An average annual energy growth rate of 2.8 to 3.1 percent
would appear reasonable, in view of expected results from conservation
measures and our national desire to continue a long-term economic
growth rate of at least between 3.0 and 3.5 percent per year.

Using 2.8 to 3.1 percent energy growth rates the estimates of oil
imports by 1980 and 1985, are somewhere in between the high and low
estimates of recent studies undertaken by government agencies, pri-
vate organizations and oil companies. The considerable differences that
still exist are related to differences in projections of economic growth
rates, energy growth rates, the effects of higher prices on energy de-
mand, energy conservation policy and contributions of domestic
sources of olgas, nuclear, coal and other sources of energy.
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TABLE 21.-FORECASTS OF OIL IMPORTS

On millions of barrels perdayj

1980 1985

ec
Preembargo studies:

N PC, 1972:
4-percent energy growth, worst case analysis ------------------------------- 17. 5
4-percent energy growth, intermediate supply ------------------------------ 11.7

JCA E, 1973 ----------------------------------------------------------------- 10.8
Shell 0il, 1973- _.-.-...---------------------------------------------- 14.1
Department of the Interior, 1 ---2.. ..-------------------------------------- 9.1

Posternbargo studies:
Shlqeman Clark Associates, 1975 ----------------------------------------------- 9.0
Sherman Clark Associates 1975 (major shortfalls ia nuclear and coal) -------------- 15.0
Petroleum Industry Research Foundation, 1975 ...............................................
Gulf Oil, 1975 --------------------------------------------------------------- 6.0
Mobil Oil, 1975--assming "maximum" cooperation between Government and

industry -------------------------------------------------------------------------
FEA, 197D:

Before oil tariff of$2 ------------------------------------------------ 6.8
Removal of tariff and domestic price decontrol ------------------------------ 5.8
Decontrol of domestic oil and $2 tariff (all 3 cases assuming current world

market price of oil will remain uachanged) ------------------------------- 4.4
Shell 0il. 1975:

Assuming frontier development .......................................... 11.0
Without frontier development -------------------------------------------- 15.0

Exxon Corp., 1975 ....................... .................................. 10.8
This study (most likely scenario. Including natural gas) ------------------------------ 10.0-10.6

21.0
15.3
14.6
17.8
13.3

9.5
17. 0
7" 0
6.0

7,0

7.1
6.1

3.9

11.0
15.
IL

L.0-10. 4

C

C

C

While the domestic energy supply forecasts of table 25 appear
most realistic to us in view of recent industry and independent pro-
jections, table 29 provides alternative scenarios under different supply
assumptions. With the exception of case F, all other alternative
scenarios assume additional shortfalls in some or more energy sources,
resulting in heavier reliance on imported oil.

TABLE 29--ALTERNATIVE ENERGY SUPPLY AND OIL IMPORT FORECAST FOR 1977

Do million barrels per dayl

Al B' Ca
C

Oil ........................................................ .....
Natural gas -------------------------------------------------------
Coal .............................................................
N u c lea r .: . . . . . .. . . .. .. . . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hydro -----------------------------------------------------------
Other ..... ----...................................................

Total dom estic supply .......................................
Oil imports ......................... --...........................

9.7
8.9
6.6
1.6
L 4
(4)

2&.2
9.4-10.9

10.0 9.7
&.9 8.9
6.6 7.4
1.6 L6
1.4 L4
(4) (')

29.5 29.0
9.1-10.6 &.6-10. 1 C

I No decontrol of old oil and coal production of 660,000,000 tons.
' Decontrol of old oil and coal production of 660,000,005 toes.
3 No decontrol of old oil.
4 Negligible.

TABLE 29a.-ALTERNATIVE ENERGY SUPPLY AND OIL IMPORT FORECASTS FOR 1985

[In millions of barrels a dayl

A' eS Cs DO Es F6 G7 H

C

Oil ........................
Natural gas_ ................
Nuclear if ------------------
Coal .......................
Other (hydro, geothermal,

shale oil and syncrude).._

12.0 12.0 12.0 12.0 12.0 12.0 11.0 12.0
97.1 7.1 8.9 8.9 8.9 10.6 7.9 A.7

134.0 5.3 5.3 4.0 4.0 5.7 3.2 9.7
n3.2 9.7 8.2 9.7 3.2 10.2 4.0 5.3

2.8 2.8 2.8 2.8 2.8 2.8 2.0 2.0
C

• Total ---------------- 35.1 36.9 37.2 37.4 34.9 41.3 33.1 37.7

Oil imports ................. 3.9-18.9 7.1-17.1 6.8-16.8 6.1-16.4 9.1-19.1 2.7-12.7 10.9-20.9 6.3-16.3

q" f,.nnf*.a nav r Tm
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I Major shortfalls in natural gas, nuclear energy, and coal.
I Major shortfall in natural gas only.
'Major shortfall in coal.
Major shortfall in nuclear energy.

I Major shortfall in nuclear and coal energies.
6 High supply of coal nuclear, and natural gas.

Low domestic supply of oil, gas, coal, nuclear, and synthetics.
'Low domestic supply of synthetic fuels.
'13.8+1.5=15.3 trillion cubic feet.
IG Nuciear power projections by Petroleum Industry Research FGundation study of May 1975. See also Oil and Gas Journal,

Aug. 4, 1975. p. 113 for an even lower projection of 122 GWO by 1985.
Natural gas assumptions under options A and B are continuation of the most recent discovery trend of 1968-73, when

an average of 9.5 T cf were added to reserves. The 1.5 T cf are Alaskan gas expected to come on stream by the early
1980's. The low coal projection of 800,000,000 tons per year assumes major difficulties in obtaining large supplies of
Western coal, and assumes also major additional problems related to coal demand and supply as discussed in subsection
on coal. The final scenario (F) assumes major increases in natural gas reserves, from current annual additions to reserves
of 9.5 T cf to an average of 22.5 T cf between 1975 and 1985. It also means that ERDA's projections of nuclear power
contribution of 205 GWe by 1985 will be realized, and that 1,200,000,000 tons of coal will be utilized as projected in FEA's
Project Independence.

1i 142 gigawatt electrical.
I 800,000,G00 tons per year.

ALTERNATIVES TO GROWING WORLDWIDE DEPENDENCE UPON OIL
AND GAS AND LEAD-TIMES

Some energy experts have argued that dependence on oil and natural
gas could be reduced by the early 1980's by shifting energy supply to
coal, nuclear and unconventional sources of energy. However, in view
of the sizeable lead times required in opening up new coal mines and
constructing nuclear powerplants, there are serious limitations to
substituting coal and nuclear energy from oil and gas in the period
covered in this study. Moreover, lead-times between exploration for
oil and gas in the frontier areas, our best future prospects for petroleum
development, are such that even major oil and gas discoveries in the
next few years may not alter our 1977 and 1980 scenarios and may only
marginally affect supply in the early 1980's.

TABLF 30.-Estimated facility leadtimes (years from decision to startup)

Years leadtime
Development of proved, but nonproducing field in the Middle East.. 1 to 2.
Production from extensions of oil fields in, the United States -------- 1 to 3.
Surface coal mine ------------------------------------------- 2 to 4.
Underground coal mine ---------------------------------------- 3 to 6.
Oil, geothermal, synthetic powerplants -------------------------- 5.
Coal-fired powerplant ---------------------------------------- 5 to 8.
Hydroelectric dam ------------------------------------------- 5 to 8.
Production of oil and gas from new fields in the United States ------ 3 to 12.
Uranium exploration and mining ------------------------------- 7 to 10.
Nuclear powerplants ----------------------------------------- 8 to 10.
Coal gasification -------------------------------------------- 10 to 15.
Tar sands and oil shale --------------------------------------- 5 to 10.

Sources: National Academy of Engineering, U.S. oer-gy Prospects, op, cit, p. 92.
Ronald Lewison, op. cit., p. 23.

Federal Energy Administration, Project Independence Report, op, cit., p. 69.
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PART II C

WORLD DEMAND AND SUPPLY OF PETROLEUM
AND ITS RELATIONSHIP TO U.S. IMPORTS:
PAST PRESENT AND FUTURE

C

CHAPTER VI

WORLD RESOURCES A14D PROVED RESERVES OF
PETROLEUM

C
Petroleum is by far the most efficient and versatile of energy sources.
In addition, it is the prime or only raw material for a vast array of
petrochemicals. Petroleum is supreme, in fact almost unique, among
possible energy sources by reason of its wide utility, [andi its unsur-
passed end product versatility in refining and processing...

Luwis WzzKs,Petroleuma Geow~id.
In the period from 1970-1985 man is expected to consume more

petroleum than in the entire history of the oil industry preceeding
1970. If the Arab oil embargo-and the subsequent quadrupling of
the price of crude oil-bad not occurred in 1973, men might have
consumed more oil in the decade from 1975-1985 than in the entire
history of the industry before the days of the oil embargo.

Even at the current high price of oil, John D. Moody, president- C
elect of the American Association of Petroleum Geologists has pro-
jected that world crude oil production "must necessarily decline
by the late 1980s to early 1990s."

Before discussing available oil and natural gas reserves and esti-
mates on undiscovered recoverable petroleum resources, it is important
to distinguish between oil and gas resources and reserves. Ultimate C
Recoverable Resources or Potential Resources are the quantities
of crude oil and natural gas that are believed to be present in the
sedimentary rocks of unexplored or partly explored regions and that
are potentially available through intensive exploration. (See also
appendix.)

C
* Worid Oil, September 1975, p. 49.
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FIGURE 7. Recoverable oil resources of the world: Based on material from Lewis
Weeks (W) published in 1960, and two major oil companies, C and D, collected
respectively in 1973 and 1974. (1 metric ton is approximately 7.3 barrels of oil).

Source" National Academy of Sciences. "Mineral Resources and the Environment."
op. cit. p. 112.

TABLE 3L-WORLD ESTIMATED ULTIMATE CRUDE OIL RECOVERY, JANUARY 1, 1975

Undiscovered potential-resources
Discovered ultimate -

recovery Expected Range Total recovery

Billions Billions Billions Billions Billions Billions Billions Billions
of metric of barrels of metric of barrels of metric of barrels of metric of barrels

tons of oil tons of oil tons of oil tons of oil

Russia and China et al_.-- 24.3 178 40.9 300 9. 5-95. 5 70-700 65.2 478
United States ----------- 21.4 157 11.6 85 6.8-20.5 50-150 33.0 242
Canada ---------------- 2.2 16 9.6 70 5.5-15. 0 40-110 11.7 86

Total North America... 23.6 173 21.2 155 13.6-34.1 100-250 44. 7 328
Middle East ------------ 70.0 613 20.5 150 10.2-38.2 75-280 90. 5 663

Other foreign:
Greater North Sea----- 3.1 '23 6.1 45 2.7-10.9 20- 80 9.3 68
Other Western Europe. .5 4 1.6 12 .9- 2.3 7- 17 2.2 16
North Africa ---------- 7.4 54 4.5 33 2.0- 8.2 15- 60 11.8 87
Gulf of Guinea- ------- 4.9 35 4.1 30 2. 0- 6. 15- 50 8.9 65
Other Africa ------------------------------ 1.1 8 .4- 2.0 3- 15 1.1 8
Northwestern South

America ----------- 8.3 61 4.4 32 2.7- 6.8 20- 50 12.7 93
Other Latin America... 3.1 23 6.8 50 3.1-13.0 23- 95 10.0 73
Southeast Asia -------- 4.4 32 4.4 32 2.5- 6.8 18- 50 8.7 64
Other Far East -------- 1.2 9 7.9 58 2.7-16.4 20-120 9.1 67
Antarctica -------------------------------- 2.7 20 .7- 6.8 5- 50 2.7 20

Total other foreign.. 32.9 241 43.6 320 27.3-68. 2 300-500 76.5 561

Total worldwide -.-- 150.8 1,105 126.2 925 81.9-191.0 600-1,400 276.9 2,030

Note: 7.33 barrels equals I metrk ton.

Source: "World Oil," September 1975, p. 49 (based on article by John D. Moody and Robert W. Esser).
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TABLE 32,-ESTIMATES OF NATURAL GAS RESOURCES

Pln cubic kilometers)

Estimates by other WFC studies

Possible Remaining recoverable
ultimate dis- resources Proved

coveries- recoverable
Continent, geographical region, Hendricks I Linden 2 Toal reserves- reserves-
and country 1965 Dec. 1971 USGS 2 1973 1968 study' 1974 study

(1) (2) (3) (4) (5) (6)

Africa --------------------------------- 96,280 48.14 9 648-96,480 2, 680-4, 745 %709
Asia:

Far East (including Peoples Republic of
China). -------------------------- 11,330-----------9796-87,960 9791,024 2,357

Middle East ------------------ 6-300-- -62,-3-10,650-106,500 6,074-4,607 9, 884
U.S.S.R., Peoples Republic of China,

Mongolia -.---- 150,100 ......................................
Asia-Paciftc (including European U.S.R.) ------------ 121,760 . 0-----0...0...... 70,404...... 17......36.
U.S.S.R ------------------------------------------------------ 56- 30. 000-3,00 70,404 17,13
Europe (excluding U.S.S.R.) .............. 22,650 11,33 736-57,360 4,255 4,53
Norh America:

United States ................ .7, 790 41,260 30, 000-300, 000 56,640 7,556
Remaining North America... --......- 62,300 ............ 6,51965,.190 2,137 '3,093

Western Hemisphere (except United States.) ........... 53, 600 .. i=.-..:-- ..- ...........- "-"-...........- "
South Americ.. ------------ . . 45,300 - - 10 560-105.600 1,557-1,635 1,591
Oceania .........................................- _ 303-3030 208 693
Australia, East Indies, Pacific islands ...... 19,820 ........................................................

Total world ...................... 540,870 276, 090 115,12-1,152,120 144,934-147,655 52, 532

1 T. A. Hendricks. "Resources of 0il, Gas, and Natural Gas Liquids In the United States and the World," Geological
survey circular 522, U.S. Department of the Interior, Washington D C (1965).

2 H. R. Linden, "The Future Development of Energy Supply gystems," a paper prepared for the Fuel Conference in
Commemoration of the Golden Jubilee of the Fuel Society of Japan, Tokyo (Oct. 31-Nov. 2,1972).

8 J. P. Albert, et al, "Summary Petroleum and Selected Mineral Statistics for 120 Countries Including Offshore Areas,"
geological survey professional paper 817, U.S. Department of the InteriorWashington, D.C. (1973).

4 "World Power Conference Survey of Energy Resources, 1968," table 7, pp. 41--44, published by the Central Office of
the World Power Conference, tondon, W.C.I.

I Canada reported natural gases marketable gas: I cubic kilometer is 1,00cubic meters which is equal to 35300,000,000
cubic feet.

Source: The U.S. National Committee of the World Energy Conference. Wortd Energy Conference. "Survey of Energ
Resources 1974." op. cit., p. 104. To arrive at an amount of recoverable resource from Hendrick's figures for ultimate
discoveries, a recovery efficiency must be assumed. Recovery efficiencies vary among producing formations: however
if 50 percent recovery is taken as a minimum value and 90 percent as a maximum value, this gives 270 000 to 487 ,W0
cubic kilometers of gas available over the entire world. From the reported estimates, a firm consensus of &he amount ofa
natural gas resources likely to be available throughout the world cannot be developed; these estimates are best viewed
as limits bounding the amounts of available resources and as values that will be periodically revised as more data become
available. Ibid, pp. 104, 105.

C

CO

C



U U U U 6 U U• J) U 
0

•J

TABLE 33.-FREE WORLD GAS RESERVES AND PRODUCTION DATA--HISTORICAL--EXCLUDING UNITED STATES

North
America Far East

and South Western Middle andUnits Caribbean America Europe Africa East Oceania Total

Total gas in place ' -------------.----------------------- Trillion cubic feet .............
Discoverable gas in place I ---------...------------------------ do .....................
Eonomic recoverable gas ------------------------------------ do .......................
Jan. 1, 1972, booked reserves ' ------------------------------- do .......................
Jan. 1, 1972, cumulative production, net 3 ---------------------- do .......................
Jan. 1, 1972, booked ultimate -------------------------------- do .......................
Jan 1, 1972 unhooked ultimate ------------------------------ do .................
1971 estimate gross production (Canada injection out) ---------- do -----------------------
1971 estimated as injection (Mexico only In North America) ------ do .......................
1971 estimated net production ------------.------------------ do -----------------------
1970 estimated gasioil ratio ---------------.------------- Cubic feet per barrel (gross) ....
Jan. 1, 1972 reserveslproductlon ratioes not production basis. Years ...............
Annual reserve additions:.

1970 --------------------------------------------- Trillion cubic feet ............
1968-70 inclusive -------------------------------------- do .......................
1962-70 Inclusive ............................... do .......................
1971 .............. ; ---------------------------- 7 do -----------------------

Production growth rates:
1970 ---------------------------------------- Percent per year.........
1967-70 ------------------------------------- ---.---- do -----------------------
1962-70 ----------------------------------------------- do -----------------------

Booked ultimateleconomic: Recoverable gas -------------- Percent ----------------------
Basis for economic recoverable reserve estimates: Utilizing

discoverable gas In place listed and discoverable ol-in-
place from same source broke discoverable gas In place

own into, associated-dissolved and nonassociated. Re.
rover,/factors of 40 percent for associated-dissolved gas
and 75 percent for nonassociated gas were utilized across
the board. Solution gas GOR's were used as follows to
calculate associated-dissolved gas in place ...........................................

3,500.0 2,500.0 1,300.0 5,400.0 3, 600. 0 1,100.0 17,490.0
2,200.0 1,600.0 800.0 3,400.0 2,200.0 700.0 10,900.0
1,545.0 1,025.0 500.0 2,260.0 1,415.0 455.0 7,200.0

71.0 56.0 161.0 193.0 344.0 70.0 895.0
35.0 28.0 22.0 10.0 35.0 8.0 138.0

106.0 84.0 183.0 203.0 279.0 78.0 1,033.0
1,439.0 941.0 317.0 2,057.0 1,036.0 377.0 6,167.6

3.4 2.5 4.8 1.6 4.5 .8 17.6
.1 .9 ---------------------------.. 3 -------------- - 1.3

3.3 1.6 4.8 L6 4.2 .8 16.3
4,645.0 1,511.0 26,000.0 711.0 693.0 1,349.0 1,413.0

22.0 35.0 34.0 1210 82.0 88.0 55.0

4.5
5.5
4.6
.2

12.0
11.0
10.0
6.9

4.5
1.5
2.0

(1.8)

2.3
2.6
4.2
8.2

20.3
14.4
16.4
19.8

46.0
40.0
22.0
36.6

2.5
22.4
14.7
3.1

20.0
23.0
30.0
9.0

750.0

9.3
19.7
13.4
(6.2)

17.0
15.0
13.0
26.8

3.5 44.6
4.5 68.0
3.7 54.9

14.3 29.4

37.0 19.0
21.0 ..............
13.0 ..............
17.1 14.3

1,000.0 1,o000.0 1,000.0 75.00 000.0 ................

I T. A. Hendricks, "Resources of Oil, Gas and Natural-Gas Liquids in the United States and the
World," U S, Geooloical Survey, circular 522 (1965).

S"'rice, Nationalization Jit ers Plague International Oil World." ."Oil & Gas Journal" (Dec. 27,
1971), pp. 72-73.

' U.S. Bureau of Mines, "Minerals Yearbook" (1914-69) Inclusive, with estimated data in all years
where gross gas production not reported.

4 "World Oil" data, except for 1971 which is from the "Oil & Gas Journal".
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The actual quantities that ultimately will be found and produced
depend on a combination of future developments in demand, economics
and technology. The degree to which estimates and actual ultimate
discoveries agree is a measure mainly of the validity of the estimation
procedure though the adequacy of the exploratory effort may be a
factor."9

Proved Reserves as defined by the American Petroleum Institute C
are the estimated quantities of crude oil which geological and engi-
neering data demonstrate with reasonable certainty to be recoverable
from known reservoirs under existing economic and technical operating
conditions.

It should be emphasized that proven reserves do not include all
the hydrocarbons that are expected to be produced eventually from
known oil and natural gas fields, but only that amount for which C
recovery is certain. For example, higher prices and advanced secondary
and tertiary recovery techniques may eventually add some 25 billion
barrels of oil to U.S. reserves.

Estimates of undiscovered recoverable resources of oil and natural
gas for the world have been compiled by oil companies and few in-
dependent geologists such as Lewis Weeks. It is beyond the scope of C
this paper to enter into a debate about the methodologies used by
geologists to estimate those resources. Instead, a range of estimates is
provided in figure 7 and tables 31, 32, and 33. The wide range of the
estimates is due to differences in available information and data inter-
pretation. According to the available information, undiscovered recov-
erable crude oil resources are 25 to 75 times the 1973 production of
crude oil, and undiscovered recoverable natural gas resources are
about 100 times 1973 production.s0

Some of the most recent world crude. oil resources estimates tend to
be on the lower side of the data provided in figure 7. The 1974 study
by the National Academy of Sciences estimates world undiscovered re-
coverable oil resources at 1,1 30 billion barrels, or less than twice current C
proved reserves." John Moody recently estimated world-wide un-
recovered recoverable oil resources at 925 billion barrels, and Saudi
Arabia's energy minister, Sheikh Yamani said in a report on his
country's oil policy that ultimate recoverable world crude oil resources
are about 1,249 billion barrels, of which 636 are proved reserves.12

Lewis Weeks has warned against over-optimistic resources estimates C
by overzealous agencies. He wrote that in estimating potential (still
unproved) resources, "imaginations tend to become unrestrained and
the bases for calculation questionable". "This", he argues, "seems
more often to be true of some government agencies, and with respect
to areas of geologic types and histories which for demonstrable
geological reasons have nowhere in the worldwide experience of C
industry yielded oil in important amounts".63

4 American Petroleum Institute. American Gas Association, and Canadian Petroleum
Association. Reserves of Crude Oil, Natural Gas Liquids, and Natural Gas in the United
States and Canada and United States Productive capacity as of December 31, 1973. Vol. 28.
Washington D.C., June 1974, p. 14.

Ntonal Academy of Sciences, Mineral Resources and the Environment, Washington,
D.C., February 1975, p. 92.

5 National Academy of Sciences, Mineral Resources and the Environment, op. cit., p. 98. C
5 World Oil, September 1975, p. 49. Middle East Economic Survey, VoL XVIII, no. 34,

June 13, 1975, p 2.
s Lewis G. eeks, "Critical Interrelated Geologic, Economic, and PoUtical Problems

Facing the Geologist, Petroleum Industry, and Nation". The American Association of Petro-
leum ologist Nulletin, VoL 56, no. 10, Tulsa, Oklahoma, October 1972, p. 1925.
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While most nations have estimates of proved reserves of oil and
natural gas, few nations have total resource data. Consequently
estimates of undiscovered recoverable resources vary significantly,
and it is not possible to say that any particular estimate is more
reliable than another."

Very few nations provide data on natural gas liquids reserves and
resources, in part because they do not utilize or market natural gas
liquids. Estimates of world-wide natural gas liquids resources vary
from 27,800 to 57,770 megatons."

Natural gas is still primarily a "local" fuel in that its greatest
exploitation is in regions such as the United States (44% of world
production in 1973), Western Europe and the Soviet Union (10% of
world production), where the demand is near the supply. Natural gas
associated with oil in the Middle East and other non-industrial
regions of the world where it cannot be immediately utilized, is re-
injected into the wells, or frequently just flared. Non-associated
natural gas wells are usually plugged in these areas, because transpor-
tation other than by pipeline is still at a very early stage of develop-
ment. Liquified natural gas (LNG) from those regions is not likely to
become a major source of imported fuel in the United States and
Western Europe in the near future.

Whatever the extent of the ultimate recoverable crude oil resource
estimates, additions to proved reserves will not be made until geolog-
ical and geophysical studies have shown promising structures and
actual exploratory drilling in those promising structures will have
been undertaken.

For the period covered in this study-approximately 10 years-
differences of opinion on the size of undiscovered recoverable resources
are only of marginal concern. In the first place, there are sufficient
proven reserves of crude oil in the world to meet worldwide demand
even at the traditional annual increase of demand of 5.7 percent. It is
certain that substantial additions to reserves will be made around the
world, even though the current reserves/production ratio may not be
maintained. Secondly, most U.S. domestic and foreign sources of oil
supply for the period 1974-1985 have already been found. Weeks
writes that in more and more basins the world's most accessible and
cheapest, oil has been found and that the best prospects for the future
are in the world's offshore areas."-

With the exception of mature offshore petroleum areas such as the
Gulf of Mexico, however, lead-times between leasing and full pro-
duction of discoveries are substantial.

LEAD TIMES

Historically, the lead-time between offshore exploration, develop-
ment and full production has ranged from 7.4 years for offshore
extensions of producing onshore fields, to 10 years for offshore areas
where the geology is not closely related to onshore producing areas
(see table 34).

Jw Ibid., p. 101.
'a Ibid., p. 108.

SIbid., p. 1925.
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TABLE 34.-DISCOVERY AND DEVELOPMENT TIME, IN YEARS, FOR THE GIANT OFFSHORE PETROLEUM FIELDS

IDiscovery time, from initial geophysical exploration. Development time, from discovery to production rate of 1,000,000
barrels per year.)

Average time lapse

Discovery plus
Extent of previous geologic knowledge Discovery Development development

Offshore extension of producing onshore field, excluding Lake Maracaibo
(7 fields) .................................................... 4.4 3.0 7.4

Range of datae I ---------------------------------------------- 2-8 1-6 --------------
Offshore geology related to that of onshore producing area (25 fields)- 6. 4 2.6 9 0

Range of datea ------------------------------------------- 1-12 1-4 -------
Offshore geology not closely related to onshore producing area (7 fields)- 6. 4 4.1 10.5

Range.of dab -------------------------------------- 4-10 3-6 --------------

'Data not complete for all fields.

Source: Henry L Berryhill, Jr "The Worldwide Search for Petroleum Offshore-A Status Report for the Quarter
Century, 1947-72." Washington, b.C., 1974, p. 12.

Actual lead-time will depend on a number of variables, such as
water depth, watheer, demand factors, etc.

In Nigeria, fields discovered offshore were frequently brought to
production in periods of 2 to 4 years. In the North Sea geophysical
exploration began in the late 1950's, drilling in 1964, the first major oil
discovery in 1969 first production from British waters in October 1975,
full production is not expected until the end of this decade. The time
expended in the development of the North Sea as a petroleum province
has been influenced primarily by interpretration of geological data (the
North Sea presenteda frontier in terms of geological knowledge), and
the severe conditions of the sea and weather (p. 12). In the early stages
of exploration, effort was directed to the central part of the basin
where the large discoveries have been made (p. 13). In addition violent
weather conditions and great depth called for technological innovations
to develop the resources found. Hence, the time from initial discovery
production in 1974 has been about 10 years.

In the United States, the lead time between exploratory drilling and
production in the Gulf of Mexico has generally been three to four
years. In deeper waters beyond the immediate offshore areas (areas
currently being leased or to be leased in the future), industry esti-
mates are four to five years from exploration to production.6 7 The
time-span for finding new fields on the continental shelf in the Gulf of
Mexico would be expected to be relatively short because the northern
continental shelf of the Gulf is a salt-dome province, and the nature of
the targets is reasonably well understood. As the search moves away
from the area of obvious targets to other areas in the Gulf, such as the
carbonate banks of the Florida shelf, more subtle geologic conditions
may be found that could change the time required for discovery and
development.

In the Atlantic, a great deal of seismic work has already been done,
but the area has not yet been drilled for oil and gas. Assuming reason-
ably early discovery after exploration drilling begins and that produc-
tion encounters physical conditions at sea that range from somewhat
more rigorous than those in the Gulf of Mexico to those that at times
approach conditions typical of the North Sea on the northern part of

n Ibid., p. 14.
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the Georges Bank, it has been estimated that a reasonable time lapse
from discovery until significant production will be in the range of from
six to ten years, the actual time being dependent on the depth of the
water and where the resource is located.- As for the Gulf of Alaska,
where sea conditions are similar to those of the North Sea and where
climatic conditions are harsh, significant production may take from
eight to twelve years depending on early discovery after initial drilling
starts.5 9

Conditions in Southern California are likely to be somewhere be-
tween those of the Gulf and the Atlantic and may require into six to
eight years from exploration to full production.

Hence, some offshore leases in the Gulf and Southern California
could make substantial contributions to our domestic production in the
early 1980's. Full production from Atlantic and Alaskan frontier areas
and deeep-sea leases off Southern California is not likely to be realized
within the time span (1974-85) of this study.

With the exception of some speculation about the size of Mexico's
resources in the Reforma field, the size of which may have an impor,
tant bearing on that country's capability and willingness to export
large quantities of oil, projections of U.S. oil imports from various parts
of the world are based on proved reserves only. If major new dis-
coveries are made-either onshore or near shore-anywhere in the free
world, and if significant production from those discoveries can be
expected prior to 1985, appropriate revisions will have to be made.

WORLD OIL AND GAs RESERVES

Petroleum accumulations are found around the world, but their
distribution is very unequal. Most of the oil and natural gas discovered
to date is concentrated in a few geographical areas. A report issued
by the Council on Environmental Quality on offshore oil and gas
development in the United States provided the following figures on
petroleum distribution:

More than 85 percent of the world's hydrocarbon production plus reserves
occurs in less than 5 percent (238 fields) of all producing accumulations. Even
more remarkable, 65 percent of the hydrocarbons occur in slightly over 1 percent
of all fields, the 55 "supergiants" (a billion barrels of oil or a trillion cubic feet of
gas or more) ; and an astounding 15 percent occurs in two immense accumulations
in the Middle East region (Ghawar field in Saudi Arabia and Burgan field in
Kuwait.6

The Middle East and North Africa contain about two-thirds of the
world's proved reserves of oil but less than one-third of the proved
reserves of natural gas. The United States holds about 10 percent of
the proven natural gas, and 5.4 percent of the proved oil reserves."1
Between 1968 and 1974 net increases in petroleum reserves were
recorded for each continent except North America, with Asia and
Africa recording the largest increases.62
i

w Ibid., pp. 14 and 15.
0 Ibid., p. 15.
0 Council on Environmental Quality, 00H Oil and Gsa-An Environmental Assesement,

A Report to the President, Washington, D.C., 1974, p. 2-1.
See table 35.

" Survey of World Energy Resources, op. cit., pp. 120 and 121.
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FIGURE 8.
Source: British Petroleum Company Limited, BP Statiotics Review of the World Oil

rMduottV 1974 London, 1975 p. 5.
The upper halt shows regional cumulative oil production, 1859-1972. Production in the

U.S. dominated world markets until after World War 11 when vast low-cost oil reserves
were developed In the Middle East.

TABLE 35.-WORLD "PUBLISHED PROVED" OIL AND NATURAL GAS RESERVES AT END 1974,

Oil

In millions Natural Ps
of barrels (In trillion

Country/ama per day Percentage cubic feet)

United States ----------------------------------------------------- 35.3 5.4 250.0
Canada ---------------------------------------------------------- 8.8 1.2 56.7
Caribbean -------------------------------------------------------- 18.4 2.7 68.0
Other Western Hemishpere ----------------------------------------- 22.2 3.1 32.2

Total Western Hemisphere ----------------------------------- 84.7 12.4 406. 9

Western Europe --------------------------------------------------- 26.3 3.6 200.8
Middle East ------------------------------------------------------ 403.4 56.3 672.7
North Africa ------------------------------------------------------ 39.11 260.5
Other Africa ------------------------------------------------------ 29.2 9.3 54.5
Eastern Europe --------------------------------------------------- 3.0 .4 2.6
Soviet Union ----------------------------------------------------- 83.4 11.6 812.0
China ------------------------------------------------------------ 25.0 3.5 25.0
Other Eastern Hemisphere ---------------------------------- 21.o 2.9 115.8

Total Eastern Hemisphere ------------------------------------ 630.4 87.6 2,143.9

World ------------------------------------------------------------- 715.1 100.0 2,550.8
Non-Communist world --------------------------------------------- 603. 7 84.5 1, 711.2

1 For a detailed list of oil and natural reserves by country, see appendix. p. X. For USGS estimates on ranges of undis-
covered recoverable resources of oil and gas by country, see appendix, p.X.

Source: "The Oil and Gas Journal," Dec. 30, 1974, pp. 108, 109.

Oil data do not include natural gas liquids. Few nations have good
data on total resources, and the poorest data are related to natural
gas liquids. Reserve information is sparce because it involves a more
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complete appraisal of associated and non-associated natural gas
reservoirs. Also, if a nation is not utilizing or marketing natural gas
liquids there is little incentive to survey reserves.'

At the end of 1974, the U.S. had crude oil reserves of 35.3 billion
barrels; it also had reserves of natural gas liquids of 5.3 billion barrels.

ACCURACY OF RESERVE. ESTIMATES

In many countries there are specialized institutions which estimate
proved reserves, but only a few such as the U.S. and Canada publish
detailed statistics. Hence, the problem is to have reliable procedures
for estimating each individual deposit and the results coordinated by
a competent body.

It should be emphasized that "published proved reserves" do not
have the same meaning in countries where there are technical control
bodies operating to well-established and approved methods as in those
where methods are more rudimentary and where the results published
are often based on figures produced by oil companies."

Moreover, it is certain that in regions which possess very large
deposits (such as Middle East) certain reserves are sometimes con-
sidered as "proved" in the case of very extensive geological structures,
even when only part of the reservoir has been drilled while in the
United States, for example, "proven reserves" are in actual fact
"drilled reserves".5

RESERVE/PRODUCTION RATIO (WORLDWIDE)

The world oil reserve-to-production ratio is about 35 years (37 in
1972) and is a rough measure of the lifetime of known recoverable
reserves if we should continue at the 1974 production level. The
energy division of the Cbase Manhattan bank estimates that annual
free world oil production is likely to grow at about 4 percent (7.3
percent historic growth rate), from about 16.9 billion barrels in 1974
to 21.5 billion barrels in 1980 and 26.1 billion barrels in 1985.86

At a rate of 4 percent increased oil demand per year, cumulative
oil production between 1974 and 1985 would be approximately 255
billion barrels, leaving existing reserves of 354 by 1985 (609-255).

In order to maintain the current reserve/production ratio of about
35 years, oil reserves in 1985 would need to be about 844 billion barrels.
Hence, in order to maintain current reserves/production ratios, we
would need to find (844-354=490) billion barrels between now and
1985.

The study released by the Chase Manhattan Bank in March
concluded:

To meet minimum standards relative to indicated market needs, the world's
proved reserves of oil should total at least 800 billion barrels by 1985. That is 225
billion or 40 % more than in 1970." '

SiSurvey . Energv Resources, op. cit., p. 106.6 United Nations, Department of Economic and Social Affairs, Petroleum in the 1970's.
Report of the Ad Hoc Panel of Experts on Projections of Demand and Supply of Crude
Petroleum and Products, March 9-18, 1971, New York, 1974, p. 108.

*Ibid., p. 109.
a See estimates by Chase Manhattan Bank in: The Chase Manhattan Bank, Energy

Economics Division, Howo Much. Ol--How much lnvetment, New York, March 1975. p. 5.
OIbid:, p. 5.
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Lewis Weeks analyzed crude oil needs on the basis of the high,
pre-embargo annual oil consumption growth rates and came to the
following conclusion:

World production has more than doubled in each of the past two decades, to
reach 48 million barrels per day in 1970. If it just doubles in each of the next two
decades a minimum of 2,000 billion barrels of new oil must be added to meet the
production demands of the period and still leave a 20-year supply ratio in 1990;
or 1,500 billion barrels of new oil will have to be found to leave but a 10-year C
supply ratio." 68

In order to understand the magnitude of the 490 billion barrels of
reserves to be added between 1974 and 1985 in order to maintain the
current reserve/production ratio, one should add that total world oil
production between 1918 and 1973 was just a fraction below 300
billion barrels.69  C

Weeks ended his analysis of demand-supply problems, stating:
So great is the accelerating demand for energy that we truly can say that the

years of the petroleum age are finite. Measured against the background of history,
the years of abundant supply at supportable prices are relatively few." TO

About a year after the Weeks' article had been published, the Arab
nations began their oil boycott, followed by a quadrupling of the C
price of crude oil. The age of petroleum scarcity was thus suggested
to the consumer in the industrialized world, and two decades of cheap
oil availability which had been an important part of the rapid eco-
nomic recovery of Western Europe and Japan, came to an end.

In light of the new and higher prices of oil, demand for and produc-
tion of crude oil is no longer expected to grow at the historical rate of
5.7 percent, but at a considerably lower rate.

On the basis of an annual growth rate of 4 percent as projected by
the Chase Manhattan Bank, we concluded that 490 billion barrels of
oil would need to be added to reserves between 1974 and 1985. While
this may be technically possible, it would involve vast outlays of
capital and a most favorable political and economic climate. C

In a major energy study conducted in 1972, the National Petroleum
Council, while arguing that the industry has the technical capability
to add some 450-550 billion barrels to oil reserves between 1971 and
1985, concluded that free world oil supplies will gradually tighten
during the 1970-1985 period as the ready availability of low cost oil
declines. Consequently, the reserve-to-production ratio in the non- C
communist world was projected to fall from 27 years in 1970 to 14-19
years in 1985.71 Although the current reserve/production ratio of 35
is by no means a magic number, the declining reserves-to-production
level is cause for some alarm, unless the industrial world will succeed
in switching more rapidly to other sources of energy. It would mean
that unless major new discoveries are made to keep up with world oil C
demand, our planet is likely to run seriously short of oil less than a
decade after the turn of the century.

As to the distribution of future oil discoveries, the Chase study
recognized the danger of overdependence on countries with low popu-

68 Lewis Q. Weeks, "Critical Interrelated Geologic, Economic, and Political Problems
Facing the Geologist, Petroleum Industry, and Nation," p. cit., p. 1921. C

SDe Oolyer and MacNaughton, T~wene century Peroleunm Htatfaticm 1974, Dallas.Tex..Sept. 1, 1974, p. 4.
ibid., p. 1921.
National Petroleum Council, U.s. Energy Outlook, O" and as Avaftabtlity, Washing-

ton, D.CQ, 1972, p. 102
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lations and limited capital absorptive capacity and suggested that
major efforts be made to ensure that much of the additional reserves
will come from other areas than the Middle East and North Africa:
. . . to provide the better distribution and reduce vulnerability so urgently

needed, much of the increase (in oil reserves) should occur in regions other than
the Middle East and Africa. Between 1970 and 1985 the reserves located in those
regions should be more than doubled, if posqible.72

To double reserves outside the Middle East and Africa, some 230
billion barrels would have to be found within the next ten years. In
the 15 years between 1955 and 1970 only about 106 billion barrels of
oil were found outside the Middle East and Africa.7 Exploration else-
where has been limited, however, by the availability of vast quantities
of cheap Middle Eastern crude. The current price of oil and the access
to new advanced exploration techniques coupled with the desire to
diversify sources of oil supply are likely to have a favorable impact on
oil outside the Middle East and Africa. But there is considerable
reason to doubt that discovery rates can be accelerated, or perhaps
even maintained, from recent levels. Exploration opportunities, all in
harsh physical environments (the tundra, or under ice or deep waters)
where progress is slow and costs are very high. Geologists have ex-
amined the possibilities quite extensively, have to the extent tech-
nology permits explored the best prospects first, and do not see much
likelihood that deposits found will be on a scale comparable to those
in the Middle East.

7 Honw JUcl Oil--How MNsh Inveatmeat, op. cit., p. 5.
78 Ibid., p. 5.
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CHAPTER VII

WORLD PRODUCTION AND CONSUMPTION OF OIL AND
GAS: SHIFTING CENTERS OF SUPPLY C

There is a close relationship between oil and gas reserves and
production. Areas with high reserves tend to be among the major
producers, and areas where additions to reserves have for years lagged
behind production (like the United States) must eventually experience
a declining petroleum output.

In a 1973 study, the U.S.G.S. maintained that the major oil and C
natural gas producing areas of the world are shifting from North
American and European Russia to Asia and Africa. This, they say,
is evidenced by the fact that in 1960 the North American continent
accounted for approximately 40 percent of total free world oil pro-
duction and has since decreased to 26 percent in 1971. In the Soviet
Union where the major production and known reserves have been C
located in the Volga-Urals district of European Russia, the role of
that region in Soviet energy output will decline, and the center of
U.S.S.R. production will shift from European Russia to Siberia.7 '

More than half of the world's natural gas production comes from
North American and European Russia. However, the production
figures do not represent what the distribution would be if Asia and
Africa were closer to larger industrial areas where their natural gas
could be sold. Eventually, growing industrialization of these producing
areas and the development of economic transportation facilities for
liquefied natural gas, the price competitiveness of LNG, the production
decline of natural gas in the U.S., and world oil shortages are likely to
increase the role of Asian and African gas producing areas rapidly. C

For oil as well as for natural gas, the doubling time (time required
to double production) is low for Africa and Asia, but very high for
North America and other mature producing areas.7 5

This shift in petroleum production, coupled with the fact that
within continents the majority of oil and gas production comes from
a relatively few nations (several of them with very high petroleum C
reserves to population ratio), will have significant consequences for
the industrial world as a whole, and for the United States, which is
entering an era of growing dependence on foreign oil.

Since 1900 world production of energy has increased over tenfold.
Over the past 50 years world energy production has been increasing
at an average rate of 3.5 percent per year on an absolute, 2 percent per
year on a per vapita basis.76 Energy growth rates have not been uni- C
form. They declined during the depression of the 1930's and rose at a

74 Summary Petroleum and SeZected Minerl Statistics for 180 Countries, Including Off-
shore Areas, Ibid., p. 148. Until 1940 the U.S. produced about 2 of the world's oil, and
between 1921 and 1940, the U.S.S.R., Mexico. Iran. Romania and Venezuela became major
producers. See: Survey World Energy Resources, 1974, op. elt, p. 125.

Ibid., p. 148.
SSurvey of World Energy, 1974, p. 8.
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Figure' 9. Crude oil production and petroleum product consumption
for major producing and consuming areas in 1974 (in millions of
barrels per day)
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higher than average rate after WW II. In the quarter century preced-
ing the 1973 Arab oil embargo, energy growth averaged 4.8 percent per
year, and between 1965 and 1973 it grew at 5.7 percent. If annual pro-
duction growth continues to grow in the final quarter of the century as
rapidly as in the past quarter century, the cumulative world produc-
tion from 1974-2000 would be 2.25 times as large as the total amount
produced from 1900 to 1974. Even if the annual amount did not grow
above the current level, the world would still produce more energy in
the last quarter century than in the first three quarters combined.u

A combination of higher prices and consequent lower demand for
energy, and conscious energy conservation efforts is likely to slow
down energy growth significantly, particularly in the industrialized
nations.

In a recent study, the Department of the Interior projects energy
growth rates for the world to slow down to 3.3 percent for the period
1972-1990, and U.S. energy consumption growing at 3 percent per
year during the same period. (See table 36.).

TABLE 36.-WORLD ENERGY CONSUMPTION, BY REGION, 1960-90

IQuadrllion Btu]I C

Reon 1960 1965 .1970 1975 1980 1985 1990

United States ----------- 44.6 53.3 67.0 72.0 86.3 IO2.9 121.9
Western Europe ---------- 24 34.4 46.0 49.1 62.6 75.2 87.2
Japan--- ------------- 3.7 6.2 12.0 13.4 20.4 26.7 34.0
aleo-Soviet Bloc----------39.0 45. 2 58.3 63.7 82.0 94.0 109.0
Restof World........... 80 24.3 33.6 35.7 45.0 52.1 60.4

Total ------------ 131.7 163.4 216.9 233.9 296.3 350.9 416.5

= Quadrillion Btu equals 500,000 barrels petroleum per day for a year equals 40 million tons of bituminous coal equals

1 trillion cubic feet of natural gas equals 100 billion kWh (based on a 10,O00-Btu/kWh heat rate).

Source: U.S. Department of the Interior, "Energy Perspectives. A Presestation of Major Energy and Energy-Related
Data," Washington, D.C. (Government Printing Office), February 1975. p. 6.

C
Other studies suggest that overall energy demand between 1974

and 1985 is likely to slow down from the 1960-73 average of 7.5%
per year to between 3.5 and 4.0 percent per year.

One of the prime reasons for projecting lower energy growth rates
than in the preceding two decades is related to the recent quadrupling
of the price of oil. Prior to the new high-cost energy era, oil production C
had more than doubled between 1960 and 1970 and had almost
doubled in the decade of. the 50's. (See table 39.)

WORLD OIL CONSUMPTION

World oil consumption has more than quintupled over the past
25 years, from 9.7 million b/d in 1950 to 56.0 million b/d in 1974 (see C
table 38). While U.S. consumption "only" tripled from about 6 to
18 million b/d, consumption in the Communist world increased by a
factor ten, Western European consumption increased fourteen-fold,
and Japan's consumption of oil in 1974 was 25 times higher than in
1950.

World production has been able to meet the growing demand of the C
industrial world, but this would not have been possible without athirteenfold increase of Middle Eastern oil output (see table 39).

11 Ibid., V. 9.

C
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higher than average rate after WW II. In the quarter century preced-
ing the 1973 Arab oil embargo, energy growth averaged 4.8 percent per
year, and between 1965 and 1973 it. grew at 5.7 percent. If annual pro-
duction growth continues to grow in the final quarter of the century. as
rapidly as in the past quarter century, the cumulative world produc-
tion from 1974-2000 would be 2.25 times as large as the total amount
produced from 1900 to 1974. Even if the annual amount did not grow
above the current level, the world would still produce more energy in
the last quarter century than in the first three quarters combined."-

A combination of higher prices and consequent lower demand for
energy, and conscious energy conservation efforts is likely to slow
down energy growth significantly, particularly in the industrialized
nations.

In a recent study, the Department of the Interior projects energy
growth rates for the world to slow down to 3.3 percent for the period
1972-1990, and U.S. energy consumption growing at 3 percent per
year during the same period: (See table 36.).

TABLE 36.-WORLD ENERGY CONSUMPTION, BY REGION, 1960-90

[Quadrillion Diu] I

Region 1960 1965 1970 1975 1980 1985 1990

United States ----------- 44.6 53.3 67.0 72.0 86.3 102.9 121.9
Western Europe --------- 26.4 34.4 46.0 49.1 62.6 75.2 87.2
Japan ............... 3.7 6.2 12.0 13.4 20.4 26.7 34.0
Sino-Soet BlocM.- 39.0 45.2 58.3 63.7 82.0 94.0 109.0
Rest of World .......... 18.0 24.3 33.6 35.7 45.0 52.1 60.4

Total ............ 131.7 163.4 216.9 233.9 296.3 350.9 416.5

SQuadrillion Btu equals 500,000 barrels petroleum per day for a year equals 40 million tons of bituminous coal equals
1 trillion cubic feet of natural gas equals 100 billion kWh (based on a 10,000-Btu/kWh heat rate).

Source: U.S. Department of the Interior, "Energy Perspectives, A Presentation of Major Energy and Energy-Related
Data," Washington, D.C. (Government Printing Office), February 1975, p. 6.

Other studies suggest that overall energy demand between 1974
and 1985 is likely to slow down from the 1960-73 average of 7.5%
per year to between 3.5 and 4.0 percent per year.

One of the prime reasons for projecting lower energy growth rates
than in the preceding two decades is related to the recent quadrupling
of the price of oil. Prior to the new high-cost energy era, oil production
had more than doubled between 1960 and 1970 and had almost
doubled in the decade of the 50's. (See table 39.)

WORLD OIL CONSUMPTION

World oil consumption has more than quintupled over the past
25 years, from 9.7 million b/d in 1950 to 56.0 million b/d in 1974 (see
table 38). While U.S. consumption "only" tripled from about 6 to
18 million b/d, consumption in the Communist world increased by a
factor ten, Western European consumption increased fourteen-fold,
and Japan's consumption of oil in 1974 was 25 times higher than in
1950.

World production has been able to meet the growing demand of the
industrial world, but this would not have been possible without a
thirteenfold increase of Middle Eastern oil output (see table 39).

1 21bi., p. 9.



TABLE 37.-RESERVES, PRODUCTION CAPACITY, CURRENT PRODUCTION AND FUTURE PRODUCTION ESTIMATING MIDDLE EASTERN AND OTHER OPEC NATIONS

Averase Spare
Estimated daily Average capacity Production capacity 1985 Possible production level 1935.

current produ•tion Spare daily on• basis f this study
production January to capacity production 1974 daily Institute of

OIl reserves capacity May. 1975 current 1974 production Petroleum FEA O.E.C.D. 1980 1985

Saudi Arabia ................
Kuwait -------.----------...
Iran .......................
Iraq .....................
U.A.E ----------------------
Libya ......................
Algeria ---------------------

atrar ...................
Egypt .......... ..........hyria t......................

Tunisla ---------------------
Bahrain ....................
Indonesia ..................Nigeria --------------------
Gabion .....................
Venezuela ------.-----------
Ecuador ....................

173.1 11.0
'81.4 2.9

66.0 e.5
35.0 2.8
33.9 3.7
26.6 2.3
7.7 1.3
6.0 .5
6.0 .5
3.& ..............
1.5 ..............
1.1 ..............
.3 ..............

15.0 1.8
20.9 2.4

1.8 .2
15.0 2.9
2.5 .6

6.760 4.24
1.927 .97
5.094 1.41
2.367 .43
1.693 2.01
1.200 LIO
.900 .40
.471 .03
.325 .17
.170 --------------
.150 ..............
.105 ..............
.062..........---

1.110 .69
1.547 .85
.210 None

2.395 .50
.140 .36

S. 377 2.62.344............
6.182 .3
1.595 L2
1.866 1.8
1.910 .4

.1.145 .2
.519 None
.303 .2
.184 ..............
.137 ..............
.068 ..............
.066 ..............

1.483 .3
2.297 .1

.160 Neg
2. 973 None

.224 .4

23.0 19.3 13.2 7.0- 9.0 9-11
3.5 ---------- 3.3 2.5 2.5

10.0 7.9 8.0 6.0 8.0
8.0 4.8 4.0 4.0 5.0
5.5 36.9 2.8 2.5 3.0
2.5 .............. 2.2 1.7 1.7
NA 1.4 1.1 .7 .7
.5 ............................. 5 .5

NA ,A NA -... ...............
NA NA MA . -
NA NA NA I 1.51 2.0
NA NA NA I
NA NA NA -I - - "-"----
3.0 1,8 2Z0 2.01
3.0 2.6 2.8 2.5 3.0
NA NA NA .3 .3

2.5 3.6 3.4 2.0 2.0
NA .4 NA .7 .7

Total ............. 497.5 39.4 26.626 13.16 32.333 7.6 61.5 53.1 42.8 35.9-37.9 40.9-42L9

1 Oil reserves are estimated in billions of barrels. All other figures are In millions of barrels per

d11 Includes other Persian Gulf States not specifically listed.
a Includes Qatar.
Sources: Reserves estimated from "The Oil and Gas Journal," Dec. 30, 1974, pp. 108, 109. Esti-

mates of current production capacity, EXXON, 1975, Average daily production January to May
1975. "The Oil and Gas Journal." maximum export production capacity: Ronald D. Kewison "The
World Crude Oil Outlook," (New York: William J. Witter, Inc., 1974), p. 10. Federal Energy Adminis-
tration, "Project Independence Report' (Washington, D.C.. November 1974, p. 356). O.C.C..
"'Energy Prospects to 1985." volume II. Paris, 1974, p. 13.

r)
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Middle East oil made up the difference between world demand for
energy and local production. For reasons examined elsewhere in this
paper, some observers doubt that several Middle Eastern states
cannot be counted on. to continue to supply increasing quantities of
relatively expensive oil. Recognizing this, world-wide efforts will be
made to supply as much oil as possible from oil development outside
the Middle East and North Africa. The combination of higher oil
prices and the danger of overreliance on oil supplies from countries
with low population and limited capital absorptive capacity has
already led to major oil exploration programs outside the Middle
East and plans to shift away from petroleum to coal and nuclear
energy as major sources of future energy supply.

The shift away from oil and natural gas toward alternative sources
of energy will be gradual. Oil is expected to remain the largest energy
source for many years to come. Between 1970-1985, oil is expected
to still provide more than half of total world energy needs, or some-
where between 60 and 70 million barrels per day by 1985, for the non-
Communist world.

TABLE 38.-WORLD CONSUMPTION OF PETROLEUM UQUIDS, 1950-73

[in millions of barrels per dayl

Area 1950 1955 1960 1965 1970 1971 1972 1 1973 1974

North America ---------------------- 6.1 7.8 10.5 12.4 15.9 16.4 17.6 19.5 18.0
-West Europe ------------------------ .9 2.3 4.0 7.5 14.7 15.4 16.5 14.3 14:2
JaPan ..... .2 .7 1.7 3.8 4-2 4.5 4.9 5.3
Other......--------------------1.9 2.2 3.2 4.9 5.1 5.1 5.1 1L2 9.0

Total non-Communist ---------- 8.9 12.5 18.4 26.5 39.5 41.1 43.7 50.0 46.5
Sino Soviet ------------------------- .8 1.8 2.9 4.5 6.8 7.2 7.7 7.9 9.5

Total World ------------------ 9.7 14.3 21.3 31.0 46.3 48.3 51.4 57.7 56.0

' Estimated.
I Less than 100,000 barrels per day.

Sources: Noni-Communist World: Bureau of Mines "Internatilonal Petroleum Annual." Sino-Soviet Nations: Various
sources and estimates.

TABLE 39.-WORLD CRUDE OIL PRODUCTION, 1950-73

1in millions of barrels per day]

Producing region 1950 1955 1960 1%65 1970 1971 1972 1973 1974

North America --------------------- 5.5 7.2 7.6 8.6 10.9 10.9 11.0 11.0 10.7
Latin America----------. ----- - 2.0 2.8 3.7 4.6 5.2 5.1 4.8 5.1 5.0
Middle East ................ . 1.8 3.2 5.3 8,4 14.0 16.9 18.7 21.4 21.7
North Aftica ----------------------. (1) () .2 1.9 4.7 3.9 3.6 3.4 2.9
West Africa ----------- --------.. ) I .3 1.2 1.8 2.1 2.4 2.8
Far East.......................2 .4 .7 L4 1.6 1.9 2.3 2.7
Other ........................ 1 .3 .4 .4 .3 .3 .3 1.0

Total non-Communist .......... 9.6 13.9 17.7 24.9 37.8 40.5 42.4 45.9 46.8
Sino-Sovlet ..........----.......... .9 NA 3.3 5.3 7.8 8.3 8.8 .9.3 10.5

Total World ------------------ 10.5 14.2 21.0 30.2 45.6 48.8 51.2 55.2 57.3

I Less than 100.000 barrels per day.

Source: FEA, final task force report, "Project Independence," Washington. D.C.. November, 1974. B.P. Statistical
Review of the World Oil Industry 1974, London, 1975.

On a global scale the advantages of oil over other sources of energy
are in its availability-at least in the short and medium time scale-
in the physical and economic sense, and the fact that oil serves as a
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ready substitute in case of shortfalls of other energy sources. The e C
main limiting factors-again in the short and medium time scale-
are availability of capital to explore for and develop oil resources and
the policies of some governments related to drilling, production and
export rates.

TABLE 40.-FORECASTS OF NON-COMMUNIST WORLD DEMAND FOR OIL

-nI millions of barrels per day oil equivalent] C

1977 1980 1985

Chase Manhattan:
Spring, 1975 forecast:

3.5 percent annual growth rate -------------------------------------------- 54.5 64.7
2.5 percent based on 1974 outpuL ---------------------------------------- 51.4 58.?

FEA (April, 1975) ------------------------------------------------------------ - -- - -60.1..........C
BP (Maximum, 1975) ------------------------------------------------------------------------ 68.4
Exxon ------------ ------------------------------------------- 54.0 56.00-60.00 64.00-70.00
DOI (February 1975) 2.4 percent ------------------------------------ 47.1 50.7 57.0
OECD ($9 case for OECD plus nonoil exporting LDC's) ------------------- NA 51. 2 60.8
This study ------------------------------------------------------- 50.0-50.9 55.5-58.4 62.1-68.2

Source: OECD: "Energy Prospects to 1985," vol. II, Paris, 1974, p. 114. U.S. Department of the Interior. "Energy
Perspectives", p. 8. The Chase Manhattan Bank, "Business In Brief," No. 122, June 1975. C

The four studies project that worldwide oil demand in 1980 will
range between about 51 and 60 million b/d. and by 1985 between
approximately 60 and 70 million b/d. The low demand would indicate
a combination of slower economic growth rates and successful energy
conservation measures, whereas the high demand case reflects expecta-
tions for more rapid economic growth and/or less successful conserva-
tion measures, or slower-than-anticipated development of alternative
fuels. Increasing environmentalist resistance to nuclear power in
Europe and Japan could force oil demand upward.

On the basis of these demand projections, the following production
scenario has been derived.

TABLE 41.-DEMAND BALANCED SCENARIO OF WORLD OIL PRODUCTION, 1977-85, BY REGION, EXCLUDING C

COMMUNIST COUNTRIES

[in millions of barrels per day]

1977 19801 1985

Total demand ......-....................................... 50.0-50.9 55.5-58.4 62.1-68.2
Non-OPEC supply ------------------------------------------- 17.0 22.5 28. 0
OPEC suppy----------------------------------- 3&.0-34.0 3. 0-35.9 34.1-40. 2
Middle East and North-Africa, OPEC and non-OPEC-----------(21. 2-27.1) (25. 3-28. 2) (27.1-33.2)

By 1977, world-wide demand for oil has been estimated at between
50.0 and 50..9 million b/d, and demand for OPEC oil at between 32.5
and 33.4 million b/d, or slightly above the 1974 average daily produc-
tion level. With Saudi Arabian production capacity alone expected to
rise to about 11.0 million b/d by the end of this year, additional world
50.0 and 50.9 million b/d, and demand for OPFC oil at between 32*5
and 33.4 million b/d, or slightly above the 1974 average daily produc-
tion level. With Saudi Arabian production capacity expected to rise
to about 11.0 million b/d by the end of this year, additional world
demand can be met without adding additional production capacity
in the Middle East. Assuming high o.1 demand growth rates, OPEC

C
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countries would need to add to production capacity to meet 1980 and
1985 demand. Iran is expected to add add tional production capacity
in the next few years, and Iraq is planning to double production by
the early 1980s. Kuwait, the United Arab Emirates, Qatar, Algeria
and Libya, on the other hand, are not likely to expand production,
and some of these countries may even reduce output below the 1974
level.

Saudi Arabia will undoubtedly remain the major "swing factor" in
the international oil market. In order to meet world-wide oil demand
in the foreseeable future, Saudi Arabia would have to produce more
oil, and consequently receive more revenue from oil exports than the
nation's domestic economy can possibly absorb within the next ten
years. This is also true, but to a lesser extent, for other Arab nations
with low populations and limited capital absorptive capacity such as
the United Arab Emirates.

It is impossible to forecast under what conditions the oil producing
States of the Middle East, North Africa and other OPEC countries
in general, and the OPEC countries with limited capital absorptive
capacity im particular, will continue to play the role of "swing" coun-
tries, filing the gap between demand and domestic supply in the
industrialized world (see also section on Middle East and North
Africa). If, however, some of the key countries such as Saudi Arabia
would no longer be willing to meet world oil demand, the consequences
would be disastrous for the entire world.

Some of the many uncertainties inherent in any demand and supply
forecast are described below:

1. It is assumed that recent major discoveries in Mexico will result
in a production of 2.0 million b/d in 1980 and 3.0 million b/d in 1985.
These figures seem reasonable on the basis of the available informa-
tion, but by no means certain. (See subsection on Mexico).

2. This analysis does not take into account the possibility of major
oil imports by the Soviet bloc in 1980/85. Various sources have esti-
mated that the Soviet bloc may need to import a few million bairels
per day by the early 1980's. This would lead to additional competition
for available supplies.

3. Some Middle Eastern nations with low population and limited
capital absorptive capacity will probably be willing to produce signifi-
cantly more oil than domestic needs would require at current prices.
Hence, the consuming nations would have to create a favorable in-
vestment climate for surplus petrodollars. One major oil company
has projected that if Saudi Arabia decided to produce no more than
an average of slightly more than 7 million b/d of oil between 1976
and 1985, Saudi Arabia would have achieved a "European" consump-
tion level in 1985 and have invested $10,000 capital stock per capita.
The country would have a net cumulative surplus of the balance
of payment of $153 million in 1980 and $342 billion 7 in 1985. Our
projected Saudi Arabian oil production of up to 11 million b/d by
1985-a figure mentioned as a possibility by a Saudi Cabinet Mem-
ber-would leave vast cumulative balance of payment surpluses
in 1985, which would have to be invested in elsewhere in the world. A
peaceful solution in the Arab-Israeli conflict could have a significant

" Information received from a major U.S. oil company.
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effect on the willingness of producing nations with low populations e C
and limited capital absorptive capacity, to produce up to western
industrialized states demand rather than their own limited absorptive
capacity.

4. This forecast does not take into account major changes in the
real 1974 price of crude oil, which could alter the scenario significantly.
Major increases in the price of oil could have a considerable negative c
impact on worldwide demand, as well as on the production level
required to meet domestic needs in the oil producing nations of the
region.

5. The possibility, which seems remote to us at this time, of major
new discoveries elsewhere onshore or offshore in shallow waters,
which could be developed within the period covered in our study, or C
at least until the early 1980s, has not been taken into account.

6. Finally, the possibility of a "technological fix" in the energy
industry that could either lead to higher production of crude oil or
to more rapid transition to alternative sources of energy, has not
been taken into account.

7. Uncertainties in outlook for nuclear and coal capacity and
utilization. C

8. Uncertainties in outlook for world economic growth.

COMPARISON OF OPEC PROJECTIONS FOR 1980 AND 1985

Several estimates on OPEC production of crude oil have been
published recently. Most studies do not go beyond 1990, and in terms
of projected supply our estimates tend to be in line with the higher
estimates.

TABLE 42.-FORECASTS OF OPEC OIL PRODUCTION, 1980145

[In millions df barrels per day)

1980 1965

Exxon Corp .........---------- 31-36. 34-40
This study -------------------- 33.0-35.9 34.1-4.2
Chase Manhattan Bank ---------------------------------------------------------- 30.6-.33.7 32.4-38.9
L ... .----------------- - ------- 31..
Clank.-.----------------------------------------------------------- 31. .....
Moranaguarantee ---------------------------------------------- 29.0
9eren-------------------------------------------------------------- -- 25.0 -------
Irving Trust --------------------------------------- :.----------------.------- 24.7 ....--...... ;
C.I.A ........... ..-------------------------- -------.----------------:.. . ------- 29........ ý ....

OPEC local oil consumption was estimated at 1.4 million b/d
in 1974, and we estimate that local consumption will rise to about
2.million b/d in 1980 and 4 million b/d by 1985. This would leave
about 31.0-33.9 million b/d for the export market in 1980, and 28.4
to 34.9 million b/d in 1985.

REGIONAL SUPPLY AND DEMAND OF OIL: WESTERN EUROPE, JAPAN
AND THE UNITED STATES

Table 43 shows that Western Europe and Japan are much more
dependent on foreign oil imports than the United States. While the
United States will continue to be less dependent on foreign oil than
the other two major industrial regions in the free world, it is expected

C
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that relative to the 1974 degree of dependence on foreign sources of
oil of the three regions, United States dependence on foreign oil
will grow most rapidly. Western European production of North Sea
oil is likely to offset expansion of demand by 1980, but by 1985,
growing European consumption may once again further increase
dependence on outside supplies.

Japan may stabilize its imports from OPEC at current levels by
1980 by increased imports of crude from China, but even under
optimistic conditions, the country is likely to import considerably
more OPEC oil in 1985 than in 1974.

United States imports of foreign crude from the Western hemisphere
and Eastern hemisphere other than the Middle East and North Africa,
are projected to remain at about the 1974 level in 1980, and could
rise somewhat by 1985. A more disturbing trend is the growing
dependence on the Middle East and North Africa, which according
to many observers is difficult, if not impossible, to avoid in the short
and medium term. This trend is disturbing because of the limited
capital absorptive capacity of many of the most petroliferous countries
in the region, the possibility of continuation of internal and external
conflicts in part ofthe region, and the geographical location of the
area.

TABLE 43-1973: WORLD OIL CONSUMPTION AND PRODUCTION BY REGION

[in thousands of barrels per day]

Consumption Production Net export Net Import s

United States -------------------------------------- 16, 815. 10,925 --------------- 5, f
Vezuela -- ----------------------------------------- 3366 3,141 ..........

Other: Western Hemisphere ....................... 2,640 1,404 -------------- 1,236
wetrn Europe ----------------------------------- 15 155 445 -------------- 14,710
Japan .............................................. 5, 425 14 -------------- - 5 411
Indonesia ------------------------------------------ 191 1,300 1,109
Other: Southeast Asia .------------------------- I ------- 1,264 330 -------------- 934
Middle East ------------ .--................. 1,230 21,070 19,840 --------------
Ale a .58 1,070 912 --------------

30 2,175 2,146 ..............
N&er: Afri......------------------------ 84651 2,048 1,997 -...-- -

Other: Eastern Hemisphere (Australia, New Zealand)... 670 575 ---------- 95
China ---------------------------------------------- 798 1000 --------------- 202
U.S.S.R -------------------------------------------- , 485 8k478 1,993 .'.......
Eastern Europe (excluding U.S.,R.) ------------------- 1,492 395 .............. 1,097

Sources: De Gotyer and MacNaughton, "Twentieth Century Petroleum Statistics," 1974, Dallas, Tex, September
1974, p. 2. "B.P. Statistical Review of the World Oil Industry,' 1973, London, 1974, pp. 6 and 8.

REGIOOAL ANALTSIS

WESTERN EUROPE

Western Europe's oil consumption in 1974 averaged 14.2 million b/d.
Oil consumption had quadrupled during the 1950's, and in the
1960's consumption rose almost as fast. From 1970 onward, oil con-
sumption grew at a slower pace until 1973, the year when daily con-
sumption dropped again to slightly below the 1970 level. Demand
decreased slightly from 14.3 in 1973 to 14.2 million b/d in 1974, and is
projected to decrease further to 13.7 million b/d this year.

The quadrupling of the price of crude following the 1973 Arab oil
embargo is likely to have a somewhat similar effect as in the U.S.;
i.e., a slowdown of oil consumption growth rates and moie rapid
development of substitute sources of energy.
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Many observers would agree that an average annual oil consump-
tion growth rate of between 3.0 to 4.0 percent between 1975 and
1985 appears within reasonable limits. Such a growth rate would
result m the following demand for oil:

TABLE 44.-FORECASTS: WESTERN EUROPE3 OIL CONSUMPTION 1974-85

[In millions of barrels per day]

Annual oil consumption growth rate

3 percent 3 to 5 percent 4 percent

1974 (actual) ----------------------------------------------------- 14.1 14.1 14.1
1975 (projected) -------------------------------------------------- 13.7 13.7 13.7
1977 -------------------------------------------------- 14.5 14.7 14.8
1980 -----------------...----------------------------- 4 ------------- 15.8 16.2 17.3
1985 -------------------------------- ---------------------------- 18.4 19.2 21.0

Western European supply, mainly from the North Sea is projected
at:

TABLE 45.-FORECASTS: WESTERN EUROPE'S OIL PRODUCTION, 1974-85

B.P.
North Sea The-study

volume (offshore
(million OECD (dffshore and onshore) and

Year barrels per onshore)

1974 (actual) ------------------------------------ 0.445 ----------------------- 0.445
1977 --------------------------------------------- 1.0 Not available ------------------ 1.5
1980 --------------------------------------------- 3.23 4.4(lowest)to4.5 ------------- 3.5
1985 --------------------------------------------- 6.35 5.6(lowest) to5.9---------------5.5

Under these production and consumption forecasts, Western
European oil imports from OPEC and the MNiddle Eastern would
continue to be below the 1974 level at least until 1980. Under a low
oil consumption scenario, W. Europe could still be importing less
OPEC oil in 1985 than it did in 1974, but at 4% growth of ofl con-
sumption, the continent would have to import 1.4 million b/d more
from OPEC.

TABLE 46.--0EMAND BALANCED SCENARIO OF WESTERN EUROPEAN OIL IMPORTS, 1974-85

[in millions of barrels per day]

At 3 percent At 3.5 percent
annual rowth annual rowth 4 percent

rate of rte of annual growth
consumption consumption rate

1974 (actual) ------------------------ ---------------- 14.1 14.1 14.1
1977 ------------------------------------------------------------ 13.0 13.2 13.3
1980 ------------------------------------------------------------- 12. 3 13.7 13.0
1985 --------------- ---------------------------------------------- 12.9 13.7 15.5
1985 ---------------- --------------- -------------- 12.9 13.7 15.5

• "------------
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JAPAN

Japan's traditionally very high rates of economic growth are no
longer expected to continue. The country's annual economic growth
rate is likely to be significantly below the rates of the 1960's, but still
higher than Western European and U.S. growth rates.
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The Nation's major alternative to oil and gas imports within the
next decade is nuclear power. The combination of conservation meas-
ures, projected lower economic growth rates and some substitution of
oil by nuclear energy could very well bring annual oil demand down
to between 4.0 and 5.0 percent per year.

TABLE 47.-FORECAST OF JAPAN'S OIL CONSUMPTION GROWTH RATES: 1974-5

[in millions of barrels per day)

Annual oil consumption growth rate--

At 4 percent At 4.5 percent At 5 percent

1974 (actual) ----------------------------------------------------- 5.3 5.3 5.3
1975 (projected) -------------------------------------------------- 5.2 5.2 5.2
1977 ------------------------------------------------------------- 5.6 5.7 5.7
1980 ----------------------------------------------------------- 6.4 6.5 6.6
1985 ------------------------------------------------------------- 7.7 8.1 8.4

Japan's domestic oil production is negligible, and unless major new
discoveries are made offshore, the country is likely to remain almost
completely dependent on foreign sources of supply for the foreseeable
future.

However, an interesting shift in Japan's sources of oil imports is
taking place and is likely to gain more significance by the end of the
decade and beyond. While Japan is expected to import between 130,000
and 200,000 b/d of oil from the People's Republic of China in 1975
(Journa of Commerce, August 1, 1975), the Nation may import be-
tween 250,000 and 500,000 b/d from China by the end of the decade.
(See also Chapter subsection on the People's Republic.)

TABLE 48.-JAPAN'S OPEC OIL IMPORTS: 1974-85

[in millions of barrels per dayl

At 4 percent
tgrowth and 4 percent and 4.5 percent 4.5 percent 5 percent and 5 percent and

250,000 500,000 and 250.000 and 500.0CC 250,000 500.000
barrels per barrels per barrels per barrels per barrels per barrels per

day imports day from day from day from day from day fromfrom China China China China China China

1974 -.----------------- 5.3 5.3 5.3 5.3 5.3 5.3
1977 -.----------.. .. ... ... .. ... ... ..------------------------------------------------ - ---------------------
1980- ................ 6.2 5.9 6.3 6.0 6.4 6.1
1985-- -..... ........ 7.5 7.2 7.9 7.6 8.2 7.9

Under these forecasts and provided that the People's Republic
of China Will be capable and willing to supply between 250,000 and
0.5 million b/d by 1980 and 1985, Japan's additional imports from
OPEC countries (beyond 1974 level) could range from 0.7 to 1.1
million b/d in 19$0, and from 1.9 to 2.9 million b/d by 1985.

WESTERN EUROPEAN AND JAPANESE IMPORTS

Given the assumptions in this study concerning oil production and
consumption in Western Europe and Japan, and provided the People's
Republic of China exports 250,000 to 0.5 million b/d oil to Japan in
1980, total additional oil imports of these two regions (beyond 1974
imports from OPEC) from OPEC nations would be no more than 0.8
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million b/d and could actually be 1.2 million b/d less than 1974 ira- C
ports under the most favorable circumstances. Under less favorable
circumstances, Western Europe and Japan would have to purchase an
extra 0.8 million b/d in 1980.

For 1985, additional Western European and Japanese demand for
OPEC oil would range from a low of 0.7 million b/d to a high of 4.3
million b/d above 1974 imports.

Hence, under moderately optimistic supply and demand conditions, C
Western European and Japanese dependence on traditional OPEC
suppliers could remain almost unchanged compared with the 1974
situation.

UNITED STATES

The United States was energy self-sufficient until the late 1940's C
Since then, production began to fall behind oil consumption. This
happened in spite of the fact that domestic oil production almost
doubled in the p-riod from 1950 to 1974.

U.S. imports have gradually grown from approximately 13.0 percent
of total supply in 1950 to approximately 37 percent in 1974. Moreover,
in the early period, U.S. imports came primarily from "secure" Western C
Hemisphere sources, whereas today more than half of total imports
axe from the Eastern Hemisphere, some of which are not considered"secure" due to past experiences of trade interruption. Reliance on
Middle Eastern and North African oil had been relatively small in the
period prior to the early 70's, but it grew steadily thereafter. Thus in
1967 of about 10.2 percent of crude oil for petroleum products imported
from that region, an estimated 19.1 percent was imported from the @ -
Middle East and North Africa in 1973. (See table 50.)

TABLE 49.-U.S. SUPPLY OF PETROLEUM LIQUIDS 1950-73

lin millions of barrels per dayl

Percent imports
Year Production Imports Total of total

1950 ----------------------------------------------- 5.9 0.9 6.8 13.2
1955 ------------------------------------ 7.6 L2 8.3 14.1
1960 ------------------------ 7---------------------- 8.0 1.8 9.8 113
1965-.. 9. 0 2.5 11.5 21.1
1970 - - -•---------------------------------.11.3 3.4 14.7 22.7
1971 -------------------.. -------. 11.2 3.9 15.1 26.0
1972 ----------------------------- __..------------- 1 1.2 4.7 15.9 29.8
1973 ----------------------------------- 1.1 6.2 17.3 35.9
1974 ----------------------------------- 10.5 6. 0 16.5 36.9

Source: Bureau of Mines.

United States dependence on imported oil is the result of recent
disappointing petroleum discoveries and governmental policy. With
the exception of the Alaskan North Slope discovery when nearly 10
billion barrels of oil were added to the Nation's reserves, there have
been few years in the postwar era when annual additions to oil reserves
surpassed that year's production. Until the Alaskan discovery in 1970,
crude oil discoveries had fallen by 50 percent in the 1961-1969 period,
but improvements in oil recovery technology had stabilized the amount
of economically recoverable reserves in the U.S.79 Between 1961 and

" William D. Witter, Inc., A Basto ieport on the World Orade Oil 0utlook, New York,
March 1974, p. 5.
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TABLE 50.-U.S. IMPORTS OF CRUDE OIL AND REFINED PRODUCTS BY SELECTED COUNTRIES. REGIONS OF ORIGIN, AND WORLD TOTAL. 1967-74,

fin thousands of barrels per dayl

1967 1968 1969 1970 1971 1972 1973 1974
03

Barrels Barrels Barrels Barrels Barrels Barrels Barrels Barrels
perper per per per per per per

Origin of Imports day Percent day Percent day Percent day Percent day Percent day Percent day Percent day Percent

Canada ------------------------------- 450 17.7 507 17.8 608 19.2 766 22.4 858 21.8 1,108 23.4 1,313 21.2 1.083 17.9
Venezuela ---------------------------- 937 36.9 687 31.2 875 27.6 989 28. 9 1,020 26.0 960 20.2 1,123 18.1 1, 178 19.5
Ecuador ----------------------------------------------------------------------------.----------------------------------------- 17 .4 48 .8 64 1.08
Bahamas ------------------------------------------------- 1 (2j 31 .9 150 3.8 173 3.6 171 2.8 --------------
Dutch Antilles ------------------------- 359 14.2 394 13.9 449 14.2 479 14.0 432 11.0 424 8.9 573 9.2 505 k. 37
Trinidad and Tobago ------------------- 165 6.5 189 6.6 215 6.8 217 6.3 133 4.7 226 4.8 251 4.0 280 4.94
Virgin Islands --------------------- 37 1.4 78 2.7 117 3.7 189 5.5 273 7.0 330 7.0 329 5.3 .............
Nigeria -------------------------- 5 .2 8 .3 49 1.5 50 1.5 102 2.6 251 5.3 459 7.4 701 i1.62
Gabon -------------------------------- 2 .1 1
Indonesia ---------.------------------ 67 2.6 73 22.. - 9 2. 8 70 2.i --- 2.. 165 . . 3.5 212 3.4 304-- -5 .03 - -i
Ran --------------------------------- 71 2.8 61 2.1 46 1.4 38 1.1 112 2.8 142 3.0 223 3.6 519 8.60
Algeria ......------------------------- 5 .2 5 .2 2 .1 8 .2 15 .4 93 2.0 135 2.2 227 3.76
Bahrain ------------------------------ 2 .1 4 .1 7 .2 5 .1 13 .3 15 .3 11 .2 12 .20
Egypt -------------------------------- 4 .2 29 1.0 40 1.3 21 .6 19 .5 8 .2 i5 .2 13 .22

Irq --------------------------------- 5 .2 ------------------------------------------------------ 11 .3 4 .1 4 .1 ................
Kuwait ------------------------------- 23 .9 48 1.7 39 1.2 36 1.0 36 .9 45 .9 47 .8 1 .03
Libya -------------------------------- 42 1.6 114 4.0 135 4.3 47 1.4 57 1.4 122 2.6 164 2.6 <1 <.1
qatar --------------------------------------------------- I () ------------------------------- 3 .1 7 .1 18 .3
Saudi Arabia -------------------------- 8G 3.4 60 2.1 44 1.4 42 1.2 128 33 190 4.0 488 7.9 433 7.18
Tunisia ------------------------------------------------------------------------------------------------------- 3 .1 8 .2 18 .3 ------------------

•J



United Arab Emirates ------------------ 5
Other Middle East -------------------- 17

.2 16 .6

.7 29 1.0
14 .4 63 1.8
43 1.4 ..................

80 2.0 73 1.5
2 (2) 1 (2)

71 1.1 87 1.45
2 () ...................

Persian Gulf States I ------------------- 209 8.2 218 7.7 194 6.1 184 5. 4 382 9.7 473 10.0 853- 13.8 1,070
Arab Countries 4 ------------------- 189 7.8 305 10.7 325 10.3 222 6.5 364 9.3 562 11.8 962 15. 5 793 53.[
Middle East and North African States s .. 260 10.2 366 12.9 371 11.7 260 7.6 476 12.1 704 14.8 1,185 19.1 1,310 ---------
Communist bloc countries ------------- () () 6 .2 11 .3 5 .1 19 .4 33 .5 ..................
Western Europe countries I - - - - - - - -

----- 53 2.1 124 4.4 162 5.1 166 4.8 131 3.3 160 3.4 258 4.2 ------------------
OPEC countries s ---------------------- 1,213 47.8 1,211 42.6 1,206 38.1 1,257 36.8 1,636 41.7 2,003 42.2 2,934 47.3 3,534 58.5

U.S. total world Imports .--------- 2.537 100.0 2,840 100.0 3,166 100.0 3,419 100.0 3,926 100.0 4,741 100.0 6,202 100.0 6,036 100.0

Some comparative data:
imports of crude oil only ...........
Crude Imports as percent of all oil

imports ........................
T o ta l p e tro le u m co n s u m p tio n ---- ---
Percent of total U.S. oil consumption.
Dependence on Arab oil (percent).--
Dependence on OPEC oil (percent). -

1,128 1,290 1,409 1,324 1,680 2,216

44.5 45.4 44.5 38.7 42.8 46.7
12 560 13,393 14,137 14 697 15 213 16 367

S0.2 21.2 22.4 H3.3 .8 9.0
1.5 2.3 2.3 1.5 2.4 2.4
9.6 9.0 8.5 8.6 10.8 12.2

3,244

52.3
17,254 16,489

35.9 37
5.6 8.2

17.0 19.5

I Oil shipments from all sources into the 50 States and the District of Columbia. 3 Algeria, Ecuador, Gabon, Indonesia, Iran, Iraq, Kuwait, Ubya, Nigeria, Qatar, Saudi Arabia
I Less than 1110 of I percent United Arab Emirates, and Venezuela (as of November 1974).
3 Bahrain, Iran, Iraq, Kuwait, Qatar, Saudi Arabia the United Arab Emirates, and other Middle I Partially estimated.

East (comprising Oman the Yemens. and the Neutrs( Zone) are considered here the Middle East.4 Algeria, 8ahraln tEgypt, I raq, Kuwat Lb, ar, udAaia niateUtdArb and the Office of Oil and Gas: the Bureau of Census; consultations with other agencies; CRS co.nputa-
4 lemirate ,n other Ididle Ia, wait, Libya, Qatar, Sudi Arabia, Tunisia, the United Arab Sources: 1967-73 data: From various publications of the Department of Interior, Bureau of MinesEmiraets. and other MiddIs EasL adteOfc fOladGs h ueuo ess oslain ihohraece;CScmue
& Middle East (1) plus, Algeria, Egypt, Libya, and Tunisia. lions and reconciliation. Compiled and analysed by Dario Scuka analyst in International trade and
a Romania and the Soviet Union. finance, Nov. 27, 1974, 1974 data are based on FEA information.
I Scandinavia, the European Common Market, end Spain.

en 9C) n) C) n)
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1965 reserve additions equalled 65 percent of oil consumption, but
in more recent years the industry has not been able to replace more
than 40 percent of conmumption.10

The disappointing oil discoveries were in part related to a liberal
import policy inaugurated during the late 1960's. It had the effect of
restraining domestic price increase said to be needed to encourage
exploration.81 More important was the regulation of natural gas which
resulted in rapid growth in demand for natural gas (cheap in com-
parison to oil), which in turn discouraged development of other
alternative sources of energy, including oil.

The effect of the rise in the price of old crude and the potential
effect of decontrol of old crude on domestic output is not known, but
it is expected to result in significant additional exploration activities
and further development of advanced recovery technology.

GEOPOLITICAL DIsTR••UTXoN OF U.S. PETROLEUM IMPORTS AND
FuTulr.E PRO0ECTIONS

While oil imports from Western Hemisphere nations have grown
continuously in absolute volume until 1974, in terms of a percentage
of total oil imports, Western Hemisphere supplies to the U.S. have
declined since the middle 1960's. For example, Venezuela exported
937,000 b/d to the U.S. in 1967, or 36.9 percent of total U.S. imports
in that year. In 1974, Venezuelan imports into the U.S. amounted to
1.2 million b/d, but the percentage of total oil imports declined to 19.5
percent (See table 50). In contrast, imports from the Middle East
and North Africa grew from 10.2% in 1967 to more than 19.1% in
1973. (See table 50.)

This trend is likely to continue at an accelerated pace in the coming
decade. Even prior to the Canadian decision to curb imports of oil
and natural gas to the United States, a major oil study by the National
Petroleum Council concluded:

Besides the possible large increase in volume of imports, a shift in the source of
imports through 1985 is indicated. The U.S. will become increasingly dependent on
Eastern Hemisphere crude supplies. Projected Western Hemisphere petroleum
supply/demand balances were developed. These indicate that not only would the
export availability of potential oil and gas supplies from the Western Hemisphere
outside the U.S. be limited, but that the Western Hemisphere itself would become
more dependent on Eastern Hemisphere supplies.t8

The study also projected that under certain conditions as much as
Y4 of total imports might have to come from the Eastern Hemisphere
by 1985. 8 Last year's import figures provide some indication that
we may indeed be moving in this direction. In spite of the Arab oil
embargo, U.S. oil imports from Eastern Hemisphere sources increased
from 43 percent in 1973 to 53 percent in 1974.4 The Director of the

s°Ibid., p. 5.
Ibid.. p. 4
National Petroleum Council, Energy Outlook, op. cit.

- Ibid., p. 39.
Petroleum Industry Research Foundation. U.8. Oil Imports and Import Dependency.

June-October 1974, New York, December 1974, p. 4.
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Petroleum Industry Research Foundation, Mr. Lichtblau, maintains
that the principal reason for the relative stability in U.S. oil imports
from Arab sources in 1974 has been Libya's unwillingness to sell oil
to the U.S. in 1974. In the absence of this policy, according to Mr.
Lichtblau, U.S. dependence on Arab oil would probably be several
percentage points above the 1973 figure.8

And indeed, it seems that Mr. Lichtblau was proven right when
figures on oil imports for the first quarter of this year became available.

Direct imports of Arab oil reached nearly 23 percent of total im-
ports, up from 18 percent in the fourth quarter of 1974. Saudi Arabia
moved decisively into the front rank of foreign suppliers to the U.S.
on a direct-shipment basis. As a direct supplier, Sa rabia's 780,000
b/d to the U.S. in the first quarter of 1975 were only about 100,000
below Venezuela's 880,000 and Nigeria's 870,000, and narrowly out-
paced Canada's exports of 760,000 b/d. While Saudi imports gained
110,000 b/d from the fourth quarter, Venezuela dropped 380,000 and
Canada 160,000 b/d."

TABLE 51-U.S. CRUDE AND PRODUCTS JIMPORTS BY SOURCE, FIRST-QUARTER 1975 AND FOURTH-QUARTER 1974

[in millions of barrels daily and percent of total imports]

1st quarter 1975 4th quarter 1974

Volume I Percent Volume I Percent

C

C

C

OPEC countries:
Arab .................................-......... 1.3 22.9 1.1 17.9 0

Saudi Arabia ---a--------------------------- 0.8
AIge-ia . ..--------------------------------.. 3
United Arab Emirates ------------------------ .1
Libya -------------------------------------- .1
Qatar ...................................................

uw ait ----- ----- ---------- ----- --------------- ----- ----- -

13.4 0.7 10.6
5.5 .3 4.3
1.9 .1 2.3
L6 ............................
.3 ---------- -.- 6
.2 ............................

Non-Arab ...................................... 2.5 43.0 2.8 45.4
C

Venezuela ..................................Nigeria ..............................
Iran .......................................
Indonesia .... -----.........................
Ecuador .................-..................

.9

.9

.4

.3

.1

15.0 L 3
14.8 .8
6.4 .4
5.8 .3
L .0..........

20.2
12.8

6.9
4.9
.7

Total OPEC .......................... 3.8 65.9 3.9 63.3

Mon-OPEC countries:
Canada .................................
Trinidad ................. : .....................
Bahamas .......................................
Other ..........................................

Total non-OPEC -------------------------------

.8 13.2 .9 14.8

.2 3.7 .3 5.2

.2 3.0 .2 2.5

.8 14.2 .9 14.3

2.0 34.1 2.3 36.7

C

Total im ports --------------------------------- 5.8 .............. 6.2 ..............

I Volume figures extrapolated from government totals and percentages. Volume excludes propane, butane, certain non.
energy oil imports and all movements to or from U.S. Virgin Islands.

Source: "Petroleum Intelligence Weekly," June 2, 1975, p. 3.

as Ibid., p. 7.
so Petroleum Inteligence WeekW, June 2. 1975, p. 8.
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UNITED STATES OIL IMPORTS: PROJECTIONS FOR THE FUTURE

(See also chapter V, part I)

According to the analysis in part 1, chapter V, unless "old" oil is
decontrolled soon, oil production in the United States will continue to
decline until late 1977, after which a rapidly expanding volume of
Alaskan crude oil will be piped to Valdez (Alaska) and from there be
shipped by tanker to the lower 48 States. This study also projected
shortfalls in natural gas, coal, and nuclear energy production.

TABLE 52.-U.S. OIL CONSUMPTION AND IMPORTS

[In millions of barrels per day)

1977 1980 1985

Total consumption:
2.8 percent energy growth -------------------------------------- 19.0 21.01 2 .01
3.1 percent energy growth -------------------------------------- 19.2 21.6 22.4

Imports at:
2.8 percent energY'growth -------------------------------------- 9.0 10.0 9.0
3.1 percent energy growth -------------------------------------- 9.2 10.6 10.4

I Volume of oil consumption equal for 1980 and 1985 under 2.8% energygrowth is due to a different energy supply mix
in 1985, when nuclear energy and coal are expected to replace some imported oil.

The 1974 imports were approximately 6.0 million b/d. Hence, with
an energy growth rate of 3.1% per year (0.4% lower than the 20 year
average prior to 1973, and 1.4 percent below 1965-73 energy growth
rates) U.S. imports of oil could increase by about 90% in 1985. At a
lower energy growth rate of 2.8 percent, imports could peak in 1980,
if assumptions concerning larger contributions of natural gas, nuclear
energy, coal and synthetics fuels to the total energy mix will prove
correct.

Under the stated assumptions imports will grow under any circum-
stances at least until 1980, and foreign supplies will steadily shift
away from Western to Eastern Hemisphere sources.

There is little doubt that unless our energy supply and demand
situation for the next ten years can be altered considerably beyond
what has been projected in this analysis, the United States will grow
heavily dependent on Middle Eastern and North African oil.

No one can project with any degree of accuracy how much oil we
will be importing from each potential source of E upply, due to a number
of physical, economic, and political variables.

United States oil import forecasts for 1977, 1980 and 1985 by source
of supply are based in part on official projections (Canada in particu-
lax), production estimates based on actual and projected reserve
estimates coupled with past and projected production and export
policies of producing countries, and finally as in the case of Iraq, the
U.A.E. and Saudi Arabia primarily on "guestimates".
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TABLE 53.-DEMAND BALANCED SCENARIO OF UNITED STATES PETROLEUM IMPORTS, BY REGION AND COUNTRY

PIl thousands of barrels per day]

1974 1977 1980 1985

Western Hemisphere:(Group I):Cenada (official projections) .......... 1,083 400 140 0
Venezuela ----------------.--------- 1,178 1,100 1,000 1.000
Ecuador and Peru ------------------- 69 160 200 2U0
Trinidad and Tobap ................ 280 300 300 300
Other Caribbean (primarily Dutch

Antilles) in part based on Middle
East crude oil) -------------------- 505 500 50 500

Mexico ----------------------------- 11 200 500 700

Total Western Hemisphere oil
imp-rts --------- ------------ 3,126 2 660 2,640 2,700

Canadian natural ga (under the most c
conditions) ------------------------------- 450 450 450 450

Total Western Hemisphere oil and pas Imports-. 3,576 3.110 3,090 3, 150
Eastern Hemisphere:

Africa, south of the Sahara (group It):
Nigeria n--------------------------- 701 800 1,000 1. 000
Gabon and Zaire -------------------- 34 60 125 175
Angola (Cabinda).,- -............... - 47 60 100 150

Southeast As (group --I):
Indonesia -------------------------- 304 400 500 600

Other (including Brunei) ----------- 16 30 60 100

Subtotal (groups I, II, Ill (incL
natural gas) ------------------ 4,678 4.460 4,875 5.175

Total United States oil and gas Imports at
energy growth rates of 2.8 to T.1 percent..... 1 5,972 9, 000-9, 200 10000-10, OO600 9,000-10 400

Middle East and North Africa (group IV):
Needed from Middle East and North Africa-. L 294 4,540-4,740 5,125-5, 725 3.825-5, 225
Iran ----------------------------------- 519 800 1,000 900-1,000
Algeria -------------------------------- 227 250 250 20O
Tunisia -------------------------------- 31 50 75 75
Kuwait. -------------------------------- 20 200 250 250
Qatar ---------------------------------- 18 25 25 25
Libya ---------------------------------- 150 250 300 300
Iraq ----------------------------------- 10 500 600 500
U.A.E ---------------------------------- 87 650 700 500-700
Saudi Arabia --------------------------- 433 1,745-1,945 1,825-2,425 975-2, 075
Other Arab --------------------------------------------- 70 100 100

Total ---------------------------- 1,495 4,540-4,740 5,125-5,725 3,825-5,225
(of which of Arab) -------------- (976) (3.740-3,940) (4.125-4,725) (2 9254. 225)

1 Actual.

MIDDLE EAST AND NORTH AFRICAN EXPORT SCENARIO

Under earlier assumptions of total worldwide and regional European
and Japanese supply and demand conditions for the period 1975-85,
meeting U.S. demand for Middle Eastern and North African oil could
require some countries-and in particularly Saudi Arabia-to produce
significantly more oil than they have projected. Other countries within
the region may have little difficulty accommodating additional U.S.
demands as projected here.

Iran may produce 7 million b/d in 1977 and peak at 8 million b/d
in 1980. Exports to the US assume continuation of current trends.
Algeria may not be able to increase its exports any further because
of physical limitations related to its reserve situation. Export fore-
casts for Kuwait and Libya are based on projected total oil exports
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of these countries and assume that a significant portion of future
exports in excess of current supplies will be available to the U.S.

Iraq is in the midst of a major agricultural and industrial develop-
ment program, requiring increased exports of oil (now expected to
double by the early 80's . In view of projected worldwide oil supply
and demand and U.S. capability of supplying Iraq with much of the
technology needed to meet that country's needs, our projection of
rapid expansion of oil exports to the U.S. does not seem unrealistic.

The remainder would have to be imported from the two countries
with respectively large and vast oil reserves: the UAE and Saudi
Arabia. In view of the limited capital absorptive capacity of these
two countries, and depending on total world oil demand, our import
needs may be considerably in excess of their domestic economic re-
quirements. Hence, if they were to produce a significantly higher
volume of oil in 1977 than in 1974, and receive foreign exchange
considerably in excess of domestic development needs, they would have
to invest much of the proceeds of their oil sales in foreign countries.
Arab countries are not projecting major direct foreign investments
at this time.

On the other hand, both have an interest in economic stability in
the Western world. Substantial shortages of energy in the United
States and elsewhere would lead to economic stagnation and sub-
sequently higher unemployment, and perhaps a depression that will
be exported to the entire Western world.

The major oil producing nations of the Middle East are aware of
the fact that they do not live in an economic vacuum, and that they
will play a central role in providing the world with oil in the coming
decades when the world prepares itself to move gradually away from
oil and natural gas to other sources of energy.
. Few observers would disagree that the availability of additional

exports of Middle Eastern and North African oil-and particularly
from the nations with low populations and limited capita absorptive
capacity-is seriously at risk without a peaceful settlement of the
Arab-Israeli conflict.
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CHAPTER VIII

WORLD SUPPLY OF OIL: DESCRIPTIVE ANALYSIS OF
MAJOR PRODUCING AREAS c

There is little doubt that the projected cumulative world demand
for the next decade can be produced physically from current worldwide
reserves, even though the reserve/production ratio may further decline.

On the basis of existing worldwide oil reserves and the considerable
lead-time to bring future discoveries to full production, we believe
that oil marketed in 1980 will come almost exclusively from currently C
proved reserves (with some exceptions such as Mexico), and much of
the oil produced in 1985 will also be from currently proved reserves.

We have projected United States imports to rise from the current
six million b/d to between 9.0 and 9.2 million b/d in 1977, between
10.0 and 10.6 million b/d in 1980 and between 9.0 and 10.4 million
b/d by 1985 (assumes energy growth rates of 2.8 to 3.1% per year). C
Will the United States be able to purchase all the oil it needs from
abroad, and what are the likely sources of foreign supply?

Table 53 forecasts U.S. petroleum imports by source for 1980
and 1985. (See p. 69.)

Sources of supply were divided into major groups: the Western
Hemisphere and- Eastern Hemisphere; the latter was subdivided into @
three subgroups: Africa south o the Sahara, Southeast Asia, and the
Middle East and North Africa. The Middle East and North Africa
were combined in our analysis, because the major suppliers in North
Africa are Arab nations whose oil policies frequently coincide with the
policies of the Middle Eastern Arab nations.

Our projections for Canada and Venezuela currently our major C
foreign suppliers of oil and oil products, anQ Mexico-a potential
major source of supply in the western hemisphere--are analyzed below:

CANADA

Until last year Canada was the major exporter of oil and petroleum
products to the United States (excluding natural gas). In 1974 C
Venezuela replaced Canada as the number one exporter of oil to this
country. Under Canada's current energy policy, that nation's exports
of oil to the United States will gradualy decline and be phased out
completely by 1984. As Canadian exports of oil to the United States
used to be in the vicinity of 20 percent of our imported oil for each of
the five years preceding 1974, the loss of what once was considered C
our most secure source of supply will have very serious implications
for the nation's future energy supply situation. The impact of the
projected cutback in Canadian oil exports reaches far beyond energy
policy, and it is therefore of great importance to understand the
Canadian position.

(71) C0
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Oil and Gas Reserve.---Canadian oil reserves grew from about 5.2
billion barrels in 1962 to 10.5 billion barrels in 1969 (or from 4.5
to 8.6 billion barrels excluding natural gas liquids) when reserves of
liquid hydrocarbons reached a peak.Y After 1969 reserves of crude
oil and natural gas liquids continued to decline and reached a low of
8.8 billion barrels at the end of 19 7 4 .m At Canada's current rate
of production of 2 million barrels per day, these reserves will last
about 12 years. The natural gas situation is more favorable. Reserves
grew from 31 TCF in 1962 to 56.7 TCF at the end of 1974.9 This
represents about 25 years of natural gas at the current rate of produc-
tion including a substantial export to the United States which has
averaged at about 950 billion cubic feet annually in recent years.
Canada's undiscovered recoverable petroleum resources have been
estimated at 120 billion barrels of oil and 725 TCF of natural gas.
In addition, tar sands recoverable with the use of established open-pit
mining and above-ground recovery techniques are estimated to be
capable of producing more than 26 billion barrels of synthetic crude
oil.00 The best oil potential is said to be in the Mackenzie delta,
the far north and beneath the Atlantic OCS.

Canadian Energy Policy in the 1960's.-Canada adopted an energy
policy in 1960 designed to foster development of the domestic petro-
leum industry and to take advantage of low-cost foreign supplies. Oil
produced in the western states was more expensive than Middle
Eastern oil imported in the East, but by law, the cheap imported oil
was prohibited from moving west of the Ottawa valley. Hence, Al-
berta's policy was geared towards promoting exports of western oil to
the United States. In order to protect its diomestic high-cost oil
industry, the United States ha adopted import restrictions for
foreign oil. In spite of these restrictions, oil imports from Canada
increased gradually from 250,000 b/d in 1960 to about 1.3 million b/d
in 1973 (see table 53).

Canada's Policy for the 1970's.-Due to a particular set of domestic
and foreign economic and geographical circumstances, Canada has for
years been in the peculiar position of being simultaneously a major
importer and exporter of oil. The western provinces exported much
of their production to the United States, while the eastern provinces
imported cheap Middle Eastern and Caribbean oil. In 1973, for ex-
ample, Canada consumed 1,755,000 b/d of oil and produced 2,105,000
b/d: it exported 1,020,000 b/d and imported 670,000 b/d. As long as
the price of imported oil was cheaper than that of western Canadian
oil transported to the East, and as long as the sources of imports could
be considered relatively secure, there was no need for major change in
Canada's basic energy policy.

However, the world situation changed rapidly in 1973/1974. United
States domestic oil production had peaked in 1970 and production
began to decline at a time when domestic demand was growing at a

'T Canadian Petroleum Association, A.P. and A.G.A. Reserves of Cde Oil, Natural (as Liquid., andNatural Gas in the United States and Canada and United 8tatea Productive Capacty as ofDecember l, 1973,
Vol. 28, Washington, D.C., June 1974, p. 236.

U The British Petroleum Company Ltd., BP Satistfod Review of the World Oil Industry, 1974, London,
1976, p. 4.

"American Gas Association, News Relese, April 1, 1975, p.3.
to U.S. House of Representatives. Committee of Foreign Affairs. Subcommittee on Inter-American Affairs.

The Energy Crisis: Ispact of Clanadian Policies. Hearings, 93rd Congress. First Session, November 14 and 15,
1973. Washington, D.C., Government Printing Office, 1974, p. 94.

U.S. House of Representatives. Committee on Science and Astronautics. Subcommittee on Energy.
Energy From U.S. and Canadfan Tar Sands: Technical, Environmental, Legialative, and Policy Aspects.
93rd Congress, Second Session, Wasbington, D.C., Government Printing Office, December 1974, p. 11.
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pace of about 4 percent annually. As a result of OPEC policy, the
world crude oil price in early 1973 had reached a level at which pro- 0 C
tection of domestic oil in the U.S. was no longer needed. Hence, on
February 15, 1973, President Nixon lifted import restriction on oil.
This in turn led to a sharp rise in demand for Canadian oil which
threatened to create shortages in Canada." To ensure that Canadian
refineries would get the oil they needed, Canada responded to the
increased U.S. demand by imposing export restrictions (see figure 10). C
The Canadians were not in a position to increase total supplies, because
at the time output was approaching its effective capacity limit of just
over 2 million b/d.9

[Figure 10 fol ows:]
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]FIGURE 10

The Arab oil embargo during the fall and winter of 1973 (and
continuing into 1974) and the quadrupling of the price of OPEC crude
following the embargo, resulted in a re-assessment of Canadian energy C
policy.

Canadian oil consumption in 1974 was 1,850,000 b/d and has been
rising at an average of 5 percent per annum in the period from 1969-
1974.1 At this rate of growth Canada will have reached its effective
capacity limit of 2 million b/d at the end of 1976.

The Canadian government had the option to continue its policy of C
allowing exports of slightly more than half of its domestic oil pro-
duction to the United States, while meeting the demands of the
eastern states with imported oil, or to gradually reduce exports and
imports by upgrading oil transportation facilities from the west to the
eastern provinces. The government opted for an export reduction
policy. C

01 Canadian-Amerlcan Committee, Keeping Option. Open in Cana--US Oil and Nturdal Gat Trade
Wash ion, D.C., April 9, 1975, p. 7.

9T Ib tid. p. 7.90 The Briish Petroleum Corl~oration Ltd., BP fti( lRotew ofthe Worl 09 Industry 1974, op. cit. p. a.
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nite policy did not come as a complete surprise to insiders in the
tates. In a report for the Subcommittee on Inter-American

Affairs of the Committee of Foreign Affairs of the U.S. House of
Representatives written in October 1972, Mr. George Doumani,
specialist in earth science at the Congressional Research Service,
wrote:

Another point that casts doubt on the reliability of petroleum to be imported
from Canada is the policy and practice prohibiting the provinces west of Ottawa
to seil their products to the eastern provinces. This forces the western provinces
to find their own markets, principally the United States, while the demand of the
eastern provinces is satisfied by supplies imported from outside. In the event
that these imported supplies are interrupted, for whatever reason, it is obvious
that Canada will have to fall back on its western supplies, consequently halting
their exports and depriving the United States of these supplies."

Moreover, Canadian law requires that before exports can be licensed,
the National Energy Board must "satisfy itself that the quantity of
oil to be exported does not exceed the surplus remaining after due al-
lowance has been made for the reasonable foreseeable requirements
for use in Canada"." If as expected a cumulative 12 to 15 years reserve
requirement is adopted as a condition for continued exports, little oil
will be available for exports within the next few years.

Canada now aims at energy self-sufficiency by extending its pipe-
line from the western oil fields to Montreal. Mter an initial cut-back
of exports in January 1975, Canada is expected to 'shut-in' extra oil
production in the West to give the country a slightly longer period of
self-sufficiency. Reportedly once the pipeline has been completed
(projected for late 1975) Canada will boost its estimates of domestic
demand by 250,000 b/d to cover the needs of the pipeline, and conse-
quently exports to the United States will be decreased further ac-
cording to the following scheme: p

1975.----------------------------------------------------------- 800, 000
1976 ----------------------------------------------------------- 560,000
1977 ----------------------------- ------------------------------- 400,000
1978 -------------------------------------------------- 290,000
1979 ----------------------------------------------------------- 210,000
1980 ----------------------------------------------------------- 140,000
1981 ----------------------------------------------------------- 30,000
1982 ----------------------------------------------------------- 5, 000
1983 ----------------- ------------------------------------------ 1, 000
1984- ------------ --------------------------------------- - 0

Exports could be further reduced to 450,000 b/d or even less in 1976,
in case production from tar sands falls considerably short of earlier
projections. In any case, the demand/supply figures will be reviewed
annually, and the available volume of oil for export abroad may be
changed subject to currently unforeseen alterations in demand and
supply.

The projected cut-backs have not been based upon anti-Ameri-
canism, but simply because Canada itself is faced with losing its
self-sufficiency in domestic crude production within the next few years.
If exports to the United States were to continue at the 1974 level,
Canada might have become a net importer of oil by 1977 or 1978.'Y
By cutting back exports to the United States, Canada will only
i27 E Tnergy Crl ." Iriapti of Caudfman Pc0iefea, op. cit..p. 99. Wbile the formula for reducing Canadian
reports was accept~ed by CMIadas Energy Ministe, Dona'ld MacDonald in November 1974, the Nationalrev Bord had2naddeEner r proJered r oin ort in 197%. Ibid.,

" Weekly Energy Report, vol.2, No. 47, November 2.5,19g74, p.1..
,T Week/y Energ Re~port, voL 2, No. 47, Novembes 25,1974, p. S.
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stretch its self-sufficiency by a few years. A National Energy Board
report on oil supply and demand in the 1970's and 1980's has predicted
that even if all exports are eliminated and even if Canada drops the
planned extension of its crude pipeline into Eastem Ontario and West-
ern Quebec, domestic demand for oil could exceed domestic supply by
1982.91

If the current downward trend of Canadian proved oil reserves
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continues for some years, production is not likely to surpass the 2
million b/d level. Not only would the United States be faced with
reduced imports from its northern neighbor, but Canada would
probably also continue to compete with the U.S. and other countries
for the gradually declining Venezuelan oil exports.

It cannot be excluded that the Canadian oil export policy may
change once more in favor of larger oil exports to the United States,
if and when large new additions to proved oil reserves are made. But,
even if the Canadian reserve situation improves, Canada "is
unlikely ever to have the potential to play a dominant role with regard
to total North American needs" according to the Canadian ambassador
to the United States, Mr. Marcel Cardieux.11

Cazdwin Natural Ga; Exports.-Net production of natural gas was
approximately 2.45 TCF in 1973, out of which approximately 0.96
TCF was exported to the United States and 1.5 TCF consumed at
home. Exports of Canadian gas to the United States are not likely to
increase in the near future. The country's policy has been to export
only that gas which remains in surplus after making provision for
Canadian requirements in an amount equal to 25 times the annual
Canadian requirements at the fourth year from the date of considera-
tion, plus the previously authorized export volumes, and the volumes
being applied for.100 It is also necessary generally to meet tests of
future surplus and trends in reserve growth. In compliance with these
requirements, the National Energy Board has turned down all appli-
cations for additional exports since 1970. It is an open question to
what extent the policy of allowing only exportable surpluses abroad
will permit significant new supplies to be licensed for export before
the development of new gas reserves in frontier areas.

Most natural gas exports are committed by long-term contracts,
but existing export commitments will begin to decline significantly
in the second half of the 1980's. In fact, natural gas deliveries to the
United States have declined during the past year because of a sharp
reduction in production from British Columbia's gas fields, caused by
water flooding problems, and a shortfall in Alberta's production des-
tined for the Canadian market (exports declined from slightly over
1 TCF in 1973 to 959 billion cubic feet in 1974.)"'

Until recently, the Federal Power Commission maintained that
Canadian exports of natural gas would rise from the current level to
1.8 TCF in 1980 and 2.76 TCF by 1985. The American Gas Associa-
tion was less optimistic, and estimated the natural gas imports from
Canada would be no more than 1 TCF in 1980 and 1.2 TCFby 1985.102

In the meantime, however, the Canadian National Energy Board
has completed its review of. the national supply and demand condi-
tions in Canada, and recommended export reductions in view of the
NEB's findings which indicate that near-term gas supplies will be
inadequate to meet both projected increases in Canadian gas demands
and existing U.S. export obligations.10 Speaking before the House of
Commons in Ottawa on July 16, Energy Minister Donald S. Mac-
Donald stated: "It is clear from the information presented that there
will have to be some curtailment of our export contracts and that

"T2e EneW OCAf.- ipad of Ciknadian Paky, op. dt.. p. 74.too Ibd. p 99.
ta Federa Power Commission, News Release, Washington, D.C.
302P C and AGA estimates were obtained from offlicals of the two institutions In telephone conversations

in May, 1975. •,IS Ugera .Report, Number 10'2, luly 21, 1975, p. A-29.
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growth of demand in Canada will have to be restrained until frontier
supplies of gas are available"."' The NEB report reasserted that theBoard will act to assure that all existing export licenses are condi- C
tioned on the requirements that Canadian needs are met before any
gas leaves the country.

10' Ibid., p. AAA.
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The Canadian Government also noted that it will continue its pol-
icy of raising gas prices to bring them to par with the cost of alterna-
tive sources of energy. On November 1, 1975, the price of Canadian
gas will rise to $1.60 per 1,000 cubic feet and is expected to rise even
farther to about $2.00 per 1,000 cubic feet.10

With the gradual phasing out of Canadian oil exports and possibly
further significant decline in natural as deliveries, the Unite& States
is about to lose its most secure source of imported energy.

OTHER WESTERN HEMISPHERE SOURCES OF OIL IMPORTS

MEXIco

Mexico was a major supplier of oil to the United States in the early
1920's. Exports of Mexican oil gradually declined during the late
1920's and varied between I and 13 million barrels per year between
1930 and the middle fifties. After another considerable dip in Mexican
oil imports between 1958 and 1961, imports were stablized at between
2.5 and 3.6 million barrels per year until 1966, when exports of Mex-
ican oil came to a complete stop. Domestic demand had surpassed
production, and Mexico became a net importer of oil. Mexico pro-
duced 550,000 barrels per day in 1973 and consumed 610,000 barrels
per day. However, with the recent discovery of the giant Reforma
field in the southern part of the country, the chances of Mexico be-
coming once again a major oil exporter have grown.

The discovery of the Reforma field in the southern provinces of
Chiapas and Tobasco will add substantially to Mexico's oil reserves
which were estimated at 13.5 billion barrels in 1 974 .10 While consump-
tion increased to 645,000 b/d in 1974, production jumped to 625,000
b/d. The Reforma fields contributed as much as 250,000 b/d by the
end of 1974.z0 As little as two years ago production from the Reforma
fields was non-existent. Mexico's total oil production has been esti-
mated to rise to over 800,000 b/d by the end of this year, and if the
Reforma fields are indeed another "North Slope", production could
rise to as much as two million barrels per day by the end of the
decade.

It is difficult to estimate how much oil will be available for export.
Mexico became self-sufficient in the fall of 1974 and began to export
an estimated 50,000 b/d. Forecasts for 1975 exports range from
76,000 to 135,000 b/d, and more than half of the exports are destined
for the United States. The official production plan calls for exports
of 1i0,000 b/d for 1975. A representative of PEMEX, the Mexican
national oil company, indicated in an interview last year that his
country wants to avoid Venezuela's past policy of unrestrained exports
in order to save her reserves for future generations.""8 Moreover,
Mexico's domestic demand is expected to grow at a rapid pace, re-
quiring a rate of consumption of 1.5 to 1.8 million b/d by 1980/1982.109
This would be an increase of about 100 percent in crude oil con-
sumption in a period of eight years.

In view of the limited information available on the size of the
Reforma fields and the uncertainty of the country's oil export policy
we believe that oil exports to the U.S. of 500,000 to 700,000 b/d

15 Ibid., p. A-.O and WaUl Stred Journal, March 19, 1975.
w The aOfn d 0 Jo•trua, October 21, 1974, p. 78.
if The OiZ and On Journal, January 6, 1975,,t. 37.

0s Egr•,p No=ea, no. 62, October 17, 1974, p. -25.
i. Jenni of C erm, 3eauary 80,1975; The Oland 0w Joumni, May 26,1975, p. 25.
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by early 1980's may be reasonable estimates. Some of the availableMexican oil by the end of the decade is likely to be in the form of Cpetroleum productions rather than crude oil.

VENEZUELA

Venezuela has 80 percent of the proved recoverable oil reserves
of South America and 52 percent of the natural gas reserves. The
nation has traditionally been one of the oldest and largest exporters C
of oil to the United States. However, exports of oil from this secure
source of supply have declined in 1974 and this recent trend is likely
to continue into the future, because the nation's resource base is
steadily declining. Moreover, the quadrupling of the price of oil in
1974 has enabled Venezuela to cut back production without a sub-
sequent loss of revenues needed for the country's domestic devel- C
opment plans. In fact, the nation is running a considerable surplus
on the balance of payments which leaves room for investments abroad.

Venezuela's policy of conservinga scarce resource is understandable
if one takes into consideration the country's declining oil reserves.
Reserves were at a high of 17.4 billion barrels in 1960 but dropped
gradually to about 15 billion earlier this year. If this trend were C
to continue, Venezuela would run out of oil in about 12 years at
the 1973 rate of production. Whether this decline will be checked is
doubtful. The government has reported that 95 of the country's
250 oil fields are marginal producers (as defined before the recent price
escalation), and that 227 reservoirs are already producing by secondary
methods.'" The country has vast resources of tar sands (estimated
at 700 billion barrels), but technological and economic conditions
do not yet permit the development of this potential resource.

Oil production peaked at 3,760,000 barrels per day in 1970 and
declined gradually to 3,060,000 barrels per day in 1974. Output for
the first four months of this year averaged only 2.5 million barrels
per day, and the government has decided to cut production even
further to 2.2 million barrels per day."' The Venezuelan Minister of C
Mines has stated that his country could reduce output to 1.7 million
barrels per day and still meet its financial requirements.1 12 At a pro-
duction level of 2.2 million barrels per day existing reserves can be
stretched from 12 to 18 years.

Venezuelan exports of crude oil and products has grown rapidly
until it reached a peak of 1,178,000 barrels per day in 1974. In view C
of its declining reserves and conservation policy, the country's exports
of oil to the United States are likely to decline both in absolute figures
and as a percentage of total U.S. petroleum imports. Under these
circumstances U.S. imports of oil from Venezuela in 1980 and 1985 are
not likely to be more than 1 million barrels per day.

C
EASTERN HEMISPHERE

WESTERN EVROPEC

The possibility of significant new onshore finds is not encouraging
in this part of the world. Aside from the giant Groningen fields no C

I% Neal A. Van Middleewort, "Petroleum Developments In South America Central Anerica, and
Caribbean Area in 1978: Vene~". The Aravican Audciaion of Pdroleum Gaogia Budfdn. VoL 58.
no. 10. October 1974, p. 1927.

M r O•g.DI, 19, 1978.
0"o J'NaValder, March 8, 1975.
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major petroleum provinces have been located osnhore in the past
decade-and-a-half. More than 80 percent of the- known reserves of
natural gas are located in the North Sea or in areas bordering coastal
areas of Western Europe.

Total Western European oil reserves were estimated at 25.8 billion
barrels or less than 5 percent of the non-communist oil reserves. Of
the 25.8 billion barrels some 23 billion have been estimated to be
located beneath the British and Norwegian continental shelf.'1 3 There
are additional prospects in the Northern Atlantic, the Celtic and Irish
seas, and the Mediterranean region (all offshore), but Western Eu-
rope-with the exception of Great Britain and Norway-will continue
to be a major net importer of oil. In 1974, the region produced 445,000
b/d and consumed 14,170,000 b/d. Net imports were running at about
13,725,000 b/d which was close to 30 percent of world oil consumption.

Evaluating the importance of the North Sea fields in terms of
total European demand-which is now expected to rise at a rate of
3.1 to 3.5 percent per year between 1975 and 1985-we found that
North Sea production is likely to offset increased demand by 1980 and
possibly even in 1985 (see chapter 7, tables 44 and 46). North Sea
production will probably satisfy about 25 percent of Western Euro-
pean demand for oil in 1980, and between 25 and 30 percent of the
region's oil demand by 1985. Great Britain is likely to become com-
pletely independent from foreign imports of oil by the end of the
decade, and Norway will become a major exporter. With the exception
of one major find off Denmark, discoveries in the Dutch, Danish and
German sectors of the North Sea have so far proved disappointing.

Any available surplus oil from Britain and most of the Norwegian
oil would for economic reasons be exported to the European con-.
tinent. The United States is not likely to become a major importer
of North Sea oil.

TABLE 54.-BTIMATED NORTH SEA OFFTAKES

in thousands of barrels per dayl

1990 1981 1982 1983 1984 1985
U nited Ki de :

CUnttrd~~lo ment ------------ 1.790 1.780 1,640 1, 5M 1,360 1,220
Probable development ----------- 570 1,060 1,310 1,360 240 1,100
Expected discovery -------------- 30 160 520 60 1170 1,350

Subtotal ---------------- 2.390 2,980 3,470 3,750 3,770 3,670

Others:
Current developments ----------- 790 810 950 1,090 1,040 870
Expected discoveries -------------. 50 120 540 940 1, 280 1,490

Subtotal --------------------- 840 930 1,490 2,030 2,320 2,360

Grand total ------------------- 3,230 3, 910 4,960 5,780 6,090 6,030

Source: The iish Petroleum Co., Auust 1975. AsIA

The continent of Asia can be subdivided for purposes of oil and gas
demand and.supply into five regions: the communist countries (China
and the U.S.S.R), Japan, South-East Asia, South Asia, and the
Middle East. China and the Soviet Union will be discussed in more
detail elsewhere in this paper.

Japan is consuming its little oil and gas reserves at a very rapid
pace, and the country is more dependent on outside supplies of energy
than any other major country in the industrialized world. There are

us now 00 ad Ot Joesmo, December 80,1974, p. WOS.
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some good prospects in the East China sea but there are legal dis-
putes about ownership of continental sheif resources around the
Senkalu islands and about the extent of the Japanese p art of the
continental shelf west of Okinawa. The country consumed 5,310,000
b/d in 1974 and produced less than 15,000 b/d.

South Asia (India, Bangladesh, Pakistan and Burma) is also a
petroleum deficient area. These countries produced close to 180,000
b/d in 1974 and consumed some 640,000 b/d. The offshore potential
of each one of the countries is very good: India may become self-
sufficient in oil within a few years, and Burma has been regarded by
some geologists as one of the most promising offshore areas in that
part of the world. However, for the forseeable future the area is not
likely to become a net exporter of oil.

In South East Asia, Indonesia and Brunei are the only major pro-
ducers and exporters of oil. As a region, South East Asia produces only C
slightly more than it consumes. In 1974, South East Asis produced
approximately 1,700,000 b/d and consumed 1,585,000 b/d. The
major exporter in the region was Indonesia. It produced close to 1.5
million b/d and exported the bulk of its output to Japan, the United
States and Western Europe. Unless Indonesia makes significant new
additions to reserves in the years ahead, production is not likely to C
increase by more than 500,000 b/d within the next decade. Indonesia,
a country with a population of more than 130 million, can easily ab-
sorb the revenues expected from increased oil production. Hence,
there is little doubt that Indonesia will continue its policy of maximiz-
ing oil production to meet growing domestic demand and to earn the
necessar foreign exchange to meet domestic economic development
plans. Thailand and in particular Malaysia have good offshore pros-
pects, but domestic supply is not likely to surpass domestic demand
by a sufficiently large volume to turn those countries into major ex-
porters. The situation offshore Vietnam and Cambodia was nebulous
pior to the change in government. It seems unlikely at this point
that the area will become a major petroleum exporter prior to 1985. C

SUB-SAizARAN AFRICA*

Most of the continent of Africa is geologically unfavorable for the
accumulation of oil and natural gas. However, the regions that have
accumulations are among the most abundant in the world. The North
African nations of Algeria, Libya, Tunesia and the U.A.R. hold more C
than 60 percent of the continent's crude oil and more than two-thirds
of its natural gas.

In recent years important new discoveries have been made off
Nigeria, Gabon and Zaire. The Niger delta, Gabon and the Congo/
Cabinda basin remain the only oil producing provinces in West Africa,
but considerable exploratory efforts have been made off the coast of, C
more than 20 countries in Africa.

The continent of Africa is of great significance as oil exporter
to the United States. Imports from Nigeria have risen rapidly in re-
cent years, making that nation the second biggest supplier of crude
oil to the U.S. The continent as a whole is a major net exporter of
oil. In 1974, total African production was 5,640,000 barrels per day
and consumption only 965,000 b/d, leaving 4,675,000 b/d for exports.

North Africa Is primarily Arab and will be discussed as part of the chapter on the Middle East and North
Africa

C
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Aside from Nigeria, Gabon, Zaire and Cabinda (part of Angola) are
oil exporters. Out of an average of 2,750,000 b/d of Sub-Saharan
oil exports in 1974, Nigeria supplied 2,330,000 b/d, or about 85 percent.

The Nigerian petroleum industry has expanded rapidly since its
inception in 1958 to the present, and recent developments in the world-
wide energy situation have boosted Nigeria to its current status as
the seventh largest oil-producing country in the world. Recent dis-
coveries and planned expansion indicate that this status is likely to
be maintained. The country's proved reserves are estimated at 20
billion barrels of oil and 40 TCF of natural gas. Until recently natural
gas associated with oil production was flared, but Nigeria is building
an LNG plant to liquefy and export natural gas to-among others-
the United States. On the basis of proved and probable oil reserves
in the country several sources have indicated that a maximum pro-
duction of 3 million b/d is feasible, and Nigeria's Permanent Secretary
of Mines and Power has said that this figure could be achieved within
five years, provided Nigeria continued to get a fair economic return.

The county is likely to follow a policy of maximizing production
because of its high capital absorptive capacity and ambitious economic
development plans. Nigeria's population of 80 million continues to
grow at a rate well above two percent, and failure to promote the
development of the petroleum industry would tend to limit the future
revenue potential of the government. In 1973, petroleum exports
provided 85 percent of all export revenues, and in 1974 the government
take alone was substantially above the entire GDP of Nigeria in
1972. Petroleum taxes and royalties now provide more than 90 percent
of the annual government revenues.

Under the circumstances it is very likely that the policy of the
Gawon Government, i.e. expansion of exploration, processing and
marketing of petroleum will continue under the new government.

The United States is importing slightly less than half of Nigeria's
total oil output, and in our import analysis for 1980/85 we have quoted
an equal percentage of the then higher production of approximately
3 million b/d.

COMMUNIST AREA OIL EXPORTS

Over the next ten years, the Communist nations are likely to
play a much more active role in the world's energy supply and demand
picture than today. At this time, Communist oil exports to the West
are still marginal, but Chinese exports in particular are expected to
grow rapidly within the next few years. The Soviet Union, the prime-
and until recently almost sole-exporter of oil to Eastern Europe,
is known to possess among the world's largest resources of oil and
natural gas, but limitations on technology and capital may limit ex-
ports and, according to some sources, turn the Soviet Union into a
net importer of OPEC oil in the near future. On balance, some sources
indicate that Communist country oil exports could be in the vicinity
of about 2 million b/d by 1985 (up from 1.1 million b/d in 1973);
other-less optimistic analyses-would indicate a considerably lower
export figure. Most of the additional oil exports will be of Chinese
origin. If exports are to rise to as much as 2 million b/d, the United
States is still not likely to be among the beneficiaries. Most of the
exported Chinese off will go to Japan and other Asian countries, and
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Soviet oil exports will continue to go primarily to Eastern and

Western Europe and Soviet allies elsewhere in the world. At the time
this study went to press, negotiations were opened between the United
Sta'tes and the U.S.S.R. for the purchase of Soviet oil.

SOVIET DEMAND AND SUPPLY

In 1974, the Soviet Union surpassed the United States as the
world's leading oil producer. Soviet output averaged 9.16 million b/d,
while U.S. production dropped to 8.6 million bid in that year. The
Soviet Union provides Eastern Europe with about 90 percent of
that region's needs (Eastern Europe consumed approximately 1.5
million b/d in 1974), and some oil is also sold to Western Europe and
Soviet allies outside Europe. The country produces about half as much
natural gas as the U.S., but the rapid rise in output would suggest that
Soviet production may surpass the United States in natural gas
production in the early 1980's.

Proved reserves are estimated at 83.4 billion barrels of oil (more
than twice the U.S. reserves) and 882.5 TCF of natural gas (more than
2% times the U.S. reserves). One source maintains that with one-
seventh of the surface of the earth and many prospective sedimentary
basis only partly explored, the Soviets probably have the greatest
petroleum potential of any single nation and should be self-sufficient
well into the twentieth century.11' Dr. A. A. Meyerhoff, a well-known
American geologist, has estimated Soviet oil and natural gas potential
at 860 billion barrels and 4,500 TCF respectively."' Meyerhoff
maintains that Soviet petroljeum resources are more than a third of
the world ultimately recoverable oil resources and about 7/10th of
world ultimately recoverable gas reserves. Russia's petroleum wealth
is more than double that of the Middle East and North Africa com-
bined.11

More than half of these resources are expected to be located in three
petroleum basins in the vicinity of the Arctic circle. In terms of Btu C
value:

One of these basins, the Western Siberian basin contains 20 to 50% more re-
serves than those of the entire Middle East. Thus, the West Siberian basin at this
time appears to be the richest petroleum basin on the earth."?
Other sources on Soviet oil and gas resources in comparison with the
rest of the world are somewhat less impressed, but several tend to C
agree with Meyerhoff's basic thesis that the Soviet Union contains
within its borders some of the biggest-if not in toto the biggest-petro-
leum provinces in the world. The National Academy of Sciences esti-
mated Siberian gas resources at 51,000 cubic meters out of a world
total of 143,000 cubic meters, and Siberian oil resources at 53,000 out
of 206,000 million tons."1 ' The Survey of Energy Resources quotes a
study by T. A. Hendricks of the USGS, who placed Soviet undis- C
covered recoverable oil resources at 244,900 million tons out of a world

4 The 04 a"d Ga4 Journal, April 16,1975. .
IUA.A. Meyerhoff, "Geopolitical Implications of Russian and Chinese Petroleum:, in: Etploration and

Economif, o the Pearoleum Indt=!y, New York, 1973, p. 79.
1I' Ibid., 7O.

29117 A. A. Meyerhoff, "Soviet Arctic Oil & Gs, .A Second Middle East", Profaelonal Epinwer, July 1975, p.

i11 National Academy of Sciences, Minral RrouTrces mid tOn Erronmet, Washington, D.C., February
1975, p. 110 and iI. 0
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total of 840,710 million tons, and Soviet natural gas resources at
70,404 cubic kilometers out of a world total of 144,934 to 147,655
cubic kilometers.1 19

On the basis of these estimates of vast oil and gas resources, Meyer-
hoff estimates that the Soviet Union may be producing approximately
21 million b/d in 1985-90, and P.E. Kent and D.C. Ion are quoted by
Meyerhoff as having estimated a Soviet oil production of 25 million
b/d by 1990.120 A recent study by the OECD maintains that Soviet oil
exports to non-communist countries could increase to 1.5 to 2.0 million
b/a in 1980-1985 if a proposed pipeline to Japan is in operation by
mid-1976. Without it, exports mainly to Western Europe are likely to
fall to 0.9 million b/d and remain at approximately this level through
1985.111 Meyerhoff lists as major constraints on Soviet expansion of
oil and gas production: (1) inadequate drilling equipment; (2) anti-
quated technology; (3) inefficiency in the bureaucratic system resulting
in frequent incompentence; (4) shortages of capital equipent; and
(5) much of the resources are in hostile environments..y'

Another school of thought, we shall call it the pessimistic school,
questions the size of the Soviet petroleum reserves and resources,
and emphasizes the problems the Soviets face in developing their
resources. Members of this school argue that in accordance with the
State Secrecy Act of 1947, no official information on Soviet energy
is made available outside the highest Government circles,. and that
hence all information on Soviet oil reserves in the West is speculative
at best. One source states that the size of Soviet fuel reserves has
been questioned even by the Soviets, on the grounds that their
published data on proved reserves include a high percentage of
"reserves" whose development is not economically justifiable in the
foreseeable future.1m Mrs. Marianne Slocum of the FEA maintains
that non-commercial deposits were included in the official published
data on proved reserves for a number of reasons, such as govern-
mental incentives for the exploration and prospecting in the geo-
logically less promising regions (located in energy-demand areas),
and desire on the part of all concerned to fulfill the planned incre-
ment of proved fuel reserves (which was based on the so-called
"gross value output"-i.e., the sum total of all new reserves irrespec-
tive of their commercial value).,' The Soviet Union has rapidly
developed its energy sources, but--according to the pessimistic
school-the rate of growth of its output seems to have been con-
sistentlyr behind the rate of growth of the major energy-intensive
industries.124

The two schools of thought do not necessarily exclude one another.
It is very possible that the Soviet Union contains some of the largest
undiscovered recoverable oil and natural gas resources in the world,
possibly even larger than those of the Middle East. However, given
constraints on capital and technology, and the severe environmental
conditions in much of Siberia where these potential resources are

I' The United States National Committee of World Energy Conference, Survey of Energy Morca, New
York, 1974, pp. 102 and 104.

iM A. A.Meyerhoff, "Geopolitical Implications or Russian and Chinese Petroleum", op. cit., p. 108.
im O.E.C.D.,1 Proseped. to IM, op. cit., p. 109.
I Ibld., pp. 118 and 114.
s Marianne Slocun, "Soviet Energy: An Internal Asseasment", Technology Rev•ew, October/November

1974, p.
as Ibid., p. 25.M Ibid.. p. 25.
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probably located most of these "resources" may not be turned into ec
reserves" for a iong time to come. Assuming that the resources are

indeed of vast proportions as described by Mey'erhoff and others,
technology and capital are likely to become available at some time
in the future,. depending on Soviet priorities and Western (including
Japanese) cooperation in Siberian resources development. However,
development of much of the Siberian resources may be many years
away. The recent decision.-by Japan not to enterinto a joint Siberian

,petroleum venture with the Soviet Union is one indication of the
problems related to Soviet Asian oil development.

In the meantime, some sources argue, the Soviet Union seems to be
experiencing serious regional energy shortages, in particular because
energy output in the industrial belt- of the European SSR and theUras0 is falling short of demand, while resources in Asiatic Russia
cannot be developed fast enough to meet demand elsewhere in the
nation.

Moreover, the Soviet Union, which had been supplying Eastern
Europe with 90 percent of that region's need at about $2.45 per barrel
recently decided to raise the price to about $6.70 per barrel. The price
increase will have a negative economic and political impact on the
nations of Eastern Europe, and if "reserves" were as plentiful as
suggested by the optimistic school on Soviet reserves, the price in-
crease would be difficult to understand. The Economist of July 19,
1975, writes that Premier Kosygin had to promise Eastern Europe
that oil shipments to their region would continue at a level that should
satisfy at least two-thirds of Eastern Europe's oil needs.1w It is also
interesting to note that last year, despite the high prices at which oil
was selling on the world market, the Soviet Union cut its exports to the
West to 880,000 b/d from just over 1 million b/d in 1973.T" Oil con-
sumption in the region may be between 80 and 100 million tons per
year, or between 1.6 and 2 million b/d. If the Soviet supply two-thirds
and the region continues to produce about 0.3 million b/d, Eastern
Europe would need to import between 200,000 and 400,000 b/d. C

Some analysts of Soviet energy policy maintain that the U.S.S.R.
may be importing about, 29 million tons (about 580,000 b/d) per year
by 1980, and one source puts Soviet imports from the Middle 7East by
1980 at 75 million tons per year, or about 1.5 million b/d.12 The
Wall Street Journal of August 14, 1975 quotes a recent CIA study indi-
cating that the Soviet petroleum industry is faced with serious tech- C
nical problems that may restrict or even stop production growth by
the late 1970's. The paper also quotes a State Department official who
said that "predictions that the Soviets may be net importers of oil
by 1985 are not out of line".12

With the -information available to date, it is difficult to endorse
either the optimistic or the pessimistic version of Soviet oil and natural C
gas production between 1975 and 1980/85. If the optimists are correct,
the Soviets will have ample oil and natural gas supplies for domestic
use and for export to the Comecon nations, and a growing volume
of petroleum would become available for export to other non-com-
munist countries. If, however, the pessimistic school of thought on the

usThe E/mn•oiut, July 19, 1975, p. 61. C
in Wall 8fre Joumnaz, AUgus 14,1975.
w Pdrokum Eonaomit, 1975, p. 89.
10 Wal Seet Joumra, Augut 14, 197.
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Soviet energy situation proves to be correct, Soviet and Eastern
European imports from the Middle East would further strengthen
OPEC as the Soviets would be competing with the rest of the world for
available supplies'.

If the resource base is as vast as Meyerhoff and others have pro-
jected, it is likely that Siberian oil and gas will be developed at some
point in the future. The Soviets can develop it alone but at a much
slower pace than if Western technology and capital were available.
The Soviet Union has long been interested in exchanging oil and gas
(for future delivery) for technology and development capital. Some
oil-for-equipment deals have reportedly been offered to Union Oil and
Indiana Standard.126 Many discussions are underway with Western
oil companies, but no commitments have been made so far.

TiE PEOPLE'S REPUBLIC OF CHINA

At the Ninth World Petroleum Congress in Tokyo in May 1975,
three American oil experts predicted that the lion's share of East
Asia's untapped oil reserves will eventually be found in China.10

They estimated China's current reserves at 19.44 billion barrels of
oil, or 56.13 percent of Asia's oil reserves outside the Middle East.
Undiscovered recoverable oil resources were estimated at 28.8 billion
barrels.13' Other geologists have estimated China's continental shelf
potential at around 30 billion barrels, and the more optimistic Na-
tional Council for United States-China Trade put the country's
potential at between 43.8 and 73 billion barrels onshore, and 146
billion barrels offshore.13 2 The First National City Bank of New York
maintains that "China's oil reserves are large, possibly immense".'8 3
It is difficult to say whether or not China's potential will be of "Middle
Eastern" dimensions as indicated by the estimates of the National
Council for United States-China Trade, but most geologists would
doubt the high figures until a great deal more information will become
available.

Premier Chou En-Lai told a Japanese Trade Commission in early
1974 that Chinese production amounted to 1 million b/d.'3' The Oil
and Gas Journal has estimated that Chinese production could rise
from 1.2 million b/d in late. 1974 to 1.54 million b/d in 1975, 2.4
million b/d in 1977, and possibly as much as 8 to 10 million b/d by
the early 19 8 0's.'" Of the estimated 1.54 million b/d in 1975. about10 percent of 150,000 b/d could be available for export, minly to
Japan, the Phillippines and a few other Asian countries. It is expected
that with the growing Chinese production of oil, the nation is likely
to rapidly increase consumption.

China will probably continue to expand oil exports to non-commu-
nist areas for at least two reasons: the need for hard currency to
purchase Western technology, and the desire to prevent Japan from

in mu ou and Ga Journal, 0GJ Newsletter, December 2, 1974.
us Jougrii of Co"mmrce, May 16, 1975.m Ibid,,22 Ta avd G& Journal, january 6, 1975, p. 26.
= Ibid., p. 26.

U4 NewIook hma, May 12,1975.
i The Oil and Gas Journal, January 6, 1975, p. 26. [In view of technological and apIaL constraints the

figures for the early 1980's seem too optimestic.]
In a recent report for Congress, Bobby Williams quotes Japanese estimates of approxlmately 4.3 million

b/d in 1980 and 9 million bid b i985.
Bobby A. Williams, "Th C1hinese Petroleum Industry: Growth and Prospect", In the U.S. Congres,

Joint Economic Committee, China: A Reassessment of the Economy, Washington, D.C., July 10, 1975,
p. 225.
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making major investments in joint Soviet-Japanese energy ventures in
Siberia. It seems that one of the major reasons behind the Japanese
decision to hold off on a major Siberian oil project was related to the
prospect of purchasing Chinese oil without the diplomatic and financial
risks that might have been involved in the Siberian venture.18 Ex-
or tSo Japan could very well reach between 250,000 and 0.5 million
/d by 1980, but more optimistic estimates put exports to Japan at

0.5-1.0 million b/d by 1980. One source indicates that if China's
domestic consumption of oil were to be cut down, the country could
export more than 1 million b/d by 1980. Whether the People's Republic
will export vast quantities of oil will depend on a number of factors,
i.e.:

1. The overall foreign exchange situation;
2. Ability to produce sufficient capital goods to develop the oil

fields and transportation facilities;-
3. The political situation; domestic and foreign.

There is no sign that the People's Republic is interested in joint
development of oil fields in cooperation with Japan or any other
Western country.

Officials inside and outside the U.S. government do not expect any
oil imports from China into the United States in the foreseeable future, C
but they do not rule out the possibility of some oil imports in the
1980's. However, Chinese exports to Japan and other Asian nations
will take some pressure off world demand for OPEC oil.

MIDDLE EAST AND NORTH AFRICA

The thirteen major oil producing nations of the Middle East and
North Africa, with an estimated population of approximately 114 mil-
lion (1972), hold about 443 billion barrels of oil and 933 TCF of natural
as. By contrast, the U.S., with a population of 208 million (1972)
as proved reserves of oil about one-tenth, and natural gas reserves

approximately 25 percent of the Middle Eastern and North African
reserves. C

In addition to proved reserves, the Middle East is likely to contain
tens of billions of barrels of undiscovered recoverable oil and natural
gas. Saudi Arabia's oil minister Yamani on several occasions told
newsmen that Saudi Arabia's ultimate recoverable oil resources may
be 100 billion barrels or more over and above its current proved and
probable reserves (see section on Saudi Arabia). Iraqi oil resources C
may also be more than twice its current proved reserves. These and
other middle Eastern nations are now in the process of evaluating their
oil and natural gas potential, in order to be better prepared for future
policy-making regarding production and conservation.

In the Persian Gulf area reserves of petroleum onshore are so large
that there has not been great urgency to proceed with haste in develop-
ing the offshore. Development and production of offshore fields have so
far proceeded rather systematically in response to market demands.18 7

Persian Gulf reserves are so large relative to all other areas, and the
geology of the offshore producing fields there is so similar to the geology
of the onland fields, that it must be classed as unique among the
offshore producing areas. The likelihood of finding another Persian
Gulf situation elsewhere in the offshore seems remote at this time,

* I New York Tfm. May 12, 1975.
ITM Henry L. Berryhlll, 3r., The Worldwide Search for Petroleum Offshore-A Status Report for the

Quarter Century, 1907-72, U.S. Geological Survey Circular no. 694 Washington, 1974, p. 12.
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although recent finds in the North Sea and North Slope have been
spectacular.18 The Middle East and North Africa produced an average
of about 25 million b/d in 1974 (more than half of the free-world
production), and although output is currently below the 1974 level
due to the higher price of crude oil and to simultaneous recessions in
the industrialized world, the area could produce as much as 50 million
b/d by 1985.

TABLE 55.-MIDDLE EASTERN AND NORTH AFRICAN OIL AND NATURAL GAS

Reserves January 1, Oil production
of oil 1975 ln estmste 1974

(X1000 (trillion cubic (thousands of
barrels) feet per Produing barrels per

year) wells day)

Middle East:
Abu Dhabi ------------------------------------- 30,000,000 200,000 160 1,750.0
Bahrain -------------------------------------- 336,000 6,600 211 68.0
Dubai .......................................... Z 420, 000 1, 500 45 232.0
Iran ------------------------------------------ 66,000,000 330,000 369 6,128.0
I=r-a --------------------------------- 3%000,000 27.501) 156 1,82.3
Is ... :l----------------------------------'" ,200 20 25 100.8Jordan................................................................................

Kuwait ----------------------------------------- 72,800,000 32,000 692 2,600.0
Lebanon ..........................................................................................
Neutral zone ................................. 17,300,000 7,500 449 485.4
Oman..; --------------------------------------- 6,000,000 2,100 61 297.09
Qatar-------------------------------6,000,000 8,000 81 546.0

dldi Arabia--------------------- .164,500,000 55,000 670 3,400.0
Sh -a---------------------------------- 1, 500, c00 1,500 3 50.0South Yeman (Ades) . .. .. . .. .. . .. .. . . .. ... .. . .. . . . .. .. . .. .. ..

nagW;(dn ----------------------------------------------------------10,007023ij
Iuey-_--_- -.-.-.--_------------.-. --. - 500000 250 313 65.3

Total Middle East ----------------------------- 403,858,200 672,670 3,358 22,670.8

North Africa:
Alpria ........................................ 7,700,000 229,000 826 888. 3

------------------------------------ -.3, 700, 000 3, 500 1,8.
26,600,000 26,500 979 1, 700. 0

Morocco --------------------------------- 450 24 22 .9
Tunisia ---------------------------------------- 1,100, 00O 1,500 55 85.0

Total Middle East and North Africa .............. 442,95, 450 933, 194 5,677 25,463.8

Source: "The Oil and Gas Journal," Dec. 30, 1974, pp. 108, 109.

Of great significance for the industrialized world is the fact that in
view of their small populations and limited domestic demand for oil,
the nations of the Middle East consumed only about 2 percent of
total world production, while producing approximately 37 percent,
and controlling about 70 percent of the world export market of oil.

The importance of the Middle East and North Africa as a major
supplier of energy to the industrial world can best be understood by
comparing figures 13, 14, and 15, which depict world oil production
consumption and trade by region. Figure 13 shows how the world
would look if measured on the basis of proved oil reserves, and figure
14 provides a clear picture of the world of the consuming nations. On
the production map, the Middle East and North Africa are vast by
comparison with the oil consuming nations of the west. In figure 14,
on the other hand, the Middle East and North Africa are dwarfed by
the United States, Western Europe and East Asia, the major oil con-
suming regions of the world. Finally, figure 15 projects a clear view of
the world of consuming and producing nations, and of the significant
movement of oil from the Middle East and North Africa to the
industrial world.

[Figures 13, 14, and 15 follow:]

11 enry U. Berybfll, Jr., op. cit., p. 25.
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The Middle East did not become a major source of oil supply until
the early 1950's when the industrial countries of Western Europe
and Japan gradually began to translate cheap oil into economic
growth1 As a resut, Europe and Japan have become increasingly
dependent on Middle Eastern Oil, and the availability of cheap
Middle Eastern oil until the early 1970's had an adverse impact on
the development of alternative sources of energy.140

Middle Eastern oil production has grown 15 percent per year in
the period from 1970 to 1973, or twice the rate of total oil demand,
and the area supplied over half of the world's energy growth. By
contrast oil production outside the region contributed only 8 percent
to world energy growth in the same time span. In the meantime,
production m the United States, Canada, and Venezuela has peaked
in the early 1970's, and little contribution to growth can be expected
from these areas before production from major new reserves becomes
available in the late 1970's (North Slope). North Sea production is
also not likely to make a major contribution to oil needs in Europe
until the end of the decade. Hence, the industrial world will continue
to grow more dependent on the Middle East for at least several more
years to come.

The availability of low-cost Middle Eastern oil has been a bless'
for the industrial world, and in particular for Western Europe and
Japan, which achieved rapid economic growth during the past two
decades in part because of the switch from high cost domestic sources
of energy to cheap Middle Eastern oil.

The availability of cheap Middle Eastern oil, however, has also
increased the vulnerability of the industrial world. Large proved re-
serves of low-cost oil in the Middle East has limited the search for
oil in other parts of the world. However, uncertainty of future supply,
coupled with the quadrupling of the price of oil has led to feverish
exploratory activities around the world. Results have been favorable.
In 1974 industry discoveries totalled between 14 and 17 billion barrels
of which 10 to 12 billion was found outside the Middle East. How-
ever, many petroleum experts will agree with the executive of a major
US oil company who wrote:

This level will be hard to sustain. Prospects of finding another region of giant
size like the Middle East are virtually zero. This is based on careful judgment as
to the degree to which principal sedimentary basins have been explored. Added
together with other factors such as access to exploration acreage, negative atti-tudes on exploration by many governments, the geographic dispersion of targets
and the trend of discoveries, it is questionable whether the trend discovery ratecan be achieved.oe

For the foreseeable future the days of cheap energy are over, and

the combination of high oil pri~ces and limited alternative sourcesof supply are likely to result m increasing Western vulnerability to
Arab oil production.

Middle Eastern countries' revenues increased rapidly from 1961

to 1970 due to the rising volume of oil exports at a constant per barrel
revenue. Several Middle Eastern countires such as Saudi Arabia and

i Ronald Lewlson, A Bask epo on tae rWeol Chude Ofi Outlook, New York, March 25, 1974, p. 1.
14 In some areas in the Middle East production costs are as low as 5 cents per barrel, whereas even the

cheapest North Sea oil will cost about $3.00 a barrel to produce.
14 Letter by an executive of a maJor oil company to the author, dated; May 9, 197& See also Ronald Lewi-

son, op. it., pp. 12 and 25.
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Kuwait soon reached comfortable surpluses of foreign exchange which e8c
resulted in a stronger bargaining position. A stable flow of oil revenue
was no longer as critical to economic growth in the short run.

Countries with a small population and limited capital absorptive
capacity, such as Saudi Arabia, Kuwait, Libya, the United Arab
Emirates and Qatar know that surplus monetary reserves can see
them through any production disruption (even though the UAE is
suffering from a temporary shortfall of foreign exchange mainly due C
to a very generous foreign aid program). Iran, Iraq and Algeria,
however, have a much larger capital absorptive capability. Algeria
has probably already reached its peak production, and Iran's output
will probably peak at about 8 m on '/d (up from about 6 million
b/d in 1974) by the late 1970's. Iraq's oil reserves will permit that
nation to more than double production to about 4 million b/d by 1982. C

In general, there is a distinct tendency in recent statements by
Middle Eastern oil ministers to stress the need to tie oil production to
domestic needs, including substantial foreign aid commitments. Few,
if any, have recently expressed a desire to make major long-term
investment in the industrial world, and in most Middle Eastern nations
those elements calling for conservation of oil and stretching available C
resources are gaining ground.

Hence, the world will make efforts to reduce its dependence on
Middle Eastern oil exports and these exports are not likely to grow
as rapidly as in the past and almost certainly not to the physical limits
possible on the basis of proved and probable reserves (see figure 16).

[Figure 16 followsI:
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It was indeed before that expansion of production from OPEC
countries outside the Middle East is not likely to grow substantially,
due to physical supply limitation, and that with the exception of some
new potential major sources like Mexico, the likelihood of the avail-
ability of other major sources of supply to the industrial nations prior
to the early 1980's is not considered very high.

It was also noted that while Western Europe and Japan may not
become more dependent on the Middle East (in terms of volume of oil
imports) by 1980 than they are now, United States dependence on the
region is likely to grow rapidly. Between 1980 and 1985, we projected
that even under very favorable supply conditions, all three major
industrial areas-the U.S., Western Europe, and Japan, are likely to
be importing more oil from the Middle East in 1985 than in 1980.
Moreover, several sources now show that there is a growing possibility
that the Soviet bloc may become a net importer of oil, and that
supplies will have to come primarily from the Middle East.

Under these supply and demand assumptions, the United States
may have to compete with its allies and possibly even the Soviet Bloc
for available Middle Eastern supplies.
. A small number of Middle Eastern countries, and in particular
Saudi Arabia which holds 21 percent of the world's oil reserves, are
in the position of stabilizing worldwide supply and demand. While it
may not necessarily be of economic and social benefit to these produc-
ing nations, it is difficult to disagree with one observer who wrote that
should Saudi Arabia shun its critical role as stabilizer of worldwide
supply and replace it with a rigid production rate, the aftermath
would be chaotic market conditions and in the event of a significant
shortage over time, reduce the level of world economic activity. 14 2

TABLE 56.-Estimated exports of crude oil and refined products of major middle
eastern and North African nations in 1974

Saudi Arabia: •ownR
Exports to: of bid

United States ---------------------------------------- 740
Japan ---------------------------------------------------- 1, 380
Western Europe ------------------------------------------- 4,410
Other (including domestic consumption) 1, 680

Total ------------------------------------------- 8,210

Iran:
Exports to:

United States ---------------------------------------- 710
Japan -------------------------------------------- 1,240
Western Europe ------------------------------------ 2,180
Other (including domestic consumption)-------------------1, 930

Total ------------------------------------------- 6, 060

Kuwait:
Exports to:

United Sbates ----------------------------------------- 20
Japan ---------------------------------------------- 590
Western Europe ------------------------------------ 1,090
Other ---------------------------------------------- 575

Total ------------------------------------------- 2, 275

In Ionead Lewison, op. tf., p. 12.
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TABrz 56.-EMtimated exzorts of crude oil and refined produts of major middle
eastern and North African nations in 1974-Continued

Exports to:
U nited States.. ---------------------------------------- . 10
Japan ---------------------------------------------------- 50
Western Europe -------------------------------------- 880
Other ---------------------------------------------- 995

Total ------------------------------------------- 1,935 C
UAE:

Exports to:
United States ----------------------------------------- 90
Japan --------------------------------------------- 540
Western Europe -------------------------------------- 720
Other ----------------------------------------------- 65

Total ------------------------------------------- 1,415 C

Libya:
Exports to:

United States ---------------------------------------- 150
Japan ---------------------------------------------- 70
Western Europe ------------------------------------ 1, 260
Other ----------------------------------------------- 45 C

Total ----------------------------------------------- 1,525

Algeria:
Exports to:

United States ---------------------------------------- 200
Japan ---------------------------------------------- 10
Western Europe -------------------------------------- 540
Other ---------------------------------------------------- 290

Total ------------------------------------------- 1,040

MAJOR OIL PRODUCING COUNTRIES OF THE MIDDLE EAST AND
NORTH AFRICA

C
IRAN

No generally agreed figure for Iranian reserves is available. Until
NIOC has formed a more precise idea of the probable effects of
secondary recovery projects, a reasonable working range for Iran's
reserves is about 60-70 billion barrels, or about twice the United C
States reserves.

Taking into consideration natural gas reserves of the Khurestan
fields, and new fields at Khangiran (Sarakhs) and Qeshm and recent
discoveries both onshore and offshore, the United States Embassy
in Teheran feels a conserWtive working figure for Iranian gas reserves
to be 400 TCF. It must be emphasized, however, that while certain
new discoveries are extraordinarily promising, more drilling is neces- C
sary to confirm their magnitude.

Iran, a nation with more than 30 million people in 1972 is engaged
in an ambitious development and military build-up program. In order
to meet its economic and military objectives, Iran islikely to continue
to increase oil production from an average of 6.2 million b/d in 1974
to a maximum of about 8 million b/d by the early 1980's. We estimate C
that the U.S. share of Iranian oil imports could increase from about 0.5 e
million b/d in 1974 to a maximum of 1.0 million b/d in the early
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80's, when both Iranian domestic production and exports to the U.S.
are projected to level off.

In view of its vast reserves of natural gas, at 400 TCF by far the
biggest in the Middle East/North Africa region, Iran is likely to
increase its exports of natural gas to the industrialized world as well.

Exports of natural gas in 1974 were only 0.3 TCF (to the U.S.S.R.
via the Iran Gas Trunkline). Total capacity of the pipeline (when
completed) is said to be about 0.6 TCF per year. Another pipeline of
similar capacity is planned to export natural gas through the U.S.S.R.
to Western Germany. Another possible natural gas pipeline through
Turkey and the Balkans to Western Europe is being discussed and
several LNG projects are also being considered.

With total natural gas reserves of similar size (in terms of Btu's)
as oil reserved, Iran's export potential continues to be very promising
in all respects.

IRAQ

Iraq is a nation of 9.7 million inhabitants in 1971 with a capability
to absorb significantly capital for its ambitious development programs.
Official Iraqi petroleum reserves are estimated at 35 billion barrels
and 27 TCF of natural gas. Probable reserves may be more than
double this figure as in February 1975 the discovery of a huge oilfield
west of Baghdad was reported. 143 This discovery, if confirmed, could
raise the nation's proved reserves to about 75 billion barrels, making it
the second richest Middle East country in oil reserves after Saudi
Arabia.

Production rose from 731,300 b/d in 1958 to 2,018,000 b/d in 1973
and declined to 1.8 million b/d in 1974. Since 1972 when the Iraq
Petroleum Company was nationalized, the major objective of the
government has been to increase production continuously, partly to
compensate for low growth rates in the past and partly to provide
the revenues for an accelerated development process.

An earlier 1974 plan to increase production by 1980 to 5.6 or 6
million b/day was superseded by a much smaller planned volume of
about 4 million b/d by 1980/81. Explaining the change of plan, a
government spokesman said that the original decision to aim for a
capacity of 325 million tons/yr. (6.5 million b/d) by 1980 was taken in
1972 when the price of crude oil was only $2.50 a barrel, and when the
oil industry in Iraq had been stagnating for more than s decadeprior to nationalization owing to the lack of investment by the oil
companies. The situation changed with the price increases (1972-74),
and consequently the production/revenue scheme had to be revised.
A reassessment of the situation led to the new target figure of 4 million
b/d by 1980. The government, however, will continually keep produc-
tion plans under review in the light of market demand, financial needs
and oil reserves position. It cannot be excluded that Iraq will produce
more at the end of the decade and beyond. The nation's resources may
be capable of supporting five to eight million b/d.

The volume that will actually be produced will depend on Iraq's
own domestic and exports requirements plus an announced 30 million
tons (0.6 million b/d) for increased assistance to Arab countries and
some of the developing nations.'"

H8 The Waa"1gt1m Post February 9, 1975.
I" "OiJ EziVWron etd Production i; Iraq", Arab Oil and Gas, July 16, 1975, p. 38.
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Earlier higher production estimates of 6 million b/d by the end of
the decade have been revised primarily because increased price of oil 0 C
has deeply modified the financing prospects of development projects
and the interest attached by the Iraqi leaders to the conservation of
reserves.16

According to a well-informed source, Iraqi oil production has been
and is likely to continue to be closely related to the national develop-
ment plan. The Arab Oil and Gas Journal of July 16 of this year C
writes:

While proposing to develop production as rapidly as possible, Iraq's present oil
policy is closely tied to its agricultural and industrial development projects. Con-
sidering that the country's oil reserves, as large as they may be, are due to run
out in a relatively near future, the Iraqi leaders are attaching particular impor-
tance to the development of other sectors likely to replace oil as a source of
national income. With this policy, oil is no longer considered to be a source of
foreign exchange only but also and mainly a means for obtaining the financial C
and technical assistance necessary for the development of the Iraqi economy. In
this respect, Iraq is one of the very few Arab oil producing countries to have dis-
played the greatest efforts in the last few years to utilize its oil revenues for the
financing of its economic development projects.140

Iraq has never been a major supplier of crude oil to the United
States. However, it is very possible that this situation could change C
in the future for a number of reasons:

1. Iraq has one of the largest oil reserves in the world and is
likely to double oil production by the end of the decade.

2. Iraq has an ambitious agricultural and industrial develop-
ment program. There are some indications that the nation is
rather dissatisfied with Soviet technical assistance and products.
A shift in the direction of growing Western involvement in the
development of Iraq would provide a major opportunity for the
United States-the world's major agricultural exporter--to pro-
vide technical assistance and machinery necessary to meet Iraqi
objectives.

3. Iraq has a significant foreign aid program, totalling about
$800 million in 1974. Like so many Arab states, Iraq provides a C
much hi*her percentage of its GNP for foreign assistance than
most industrial countries. Whether such a mutually beneficial
exchange will be realized is to a large extent dependent on the
outcome of current Arab-Israeli negotiations. If successive stages
of agreement are reached, chances for growing U.S.-Iraqi trade
might be termed excellent. C

KUWAIT

Kuwait is a smallnation with a population of less than a million.
Its proved reserves of petroleum-including its share of the Neutral
Zone-has been estimated at 72.8 billion barrels of oil and 32 TCF of c
natural gas.

Oil production reached an average of 2.8 million bid in 1974 and
dropped to 1.9 million b/d during the past five months of this year.
Maximum production capacity has been estimated at a conservative
3.3 to 3.5 million b/d. In view of the nation's current oil policy, it
seems unlikely that that much oil will in fact be produced in the
foreseeable future. C

10 Ibid., p. 20.
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In a statement before the Kuwait National Assembly on July 12
of this year, Kuwaiti Minister of Oil, Mr. Al-Kazimi, outlined his
nation's oil policy objectives. He mentioned that Kuwaiti oil output
will be guided by the following goals: 17

The conservation of oil resources by the use of the most up-to-date
technical methods in producing the oilfields and by fixing the best
production level consistent with the fields' special characteristics on
the one hand and appropriate to the economic conditions and con-
siderations affecting this level on the other. As Kuwait is determined to
use natural gas associated with oil to meet the needs of the country's
domestic energy requirements, the level of oil production will in part
be related to domestic natural gas needs.

Kuwait, like Iraq, has also decided to let domestic economic and
social development plans, as well as participation in financing develop-
ment investments in Arab countries and friendly developing nations,
play a major role in determining the rate of oil production.-The Kuwaiti
government has not decided on a specific annual production volume,
but instead opted for a strategy of flexibility with regard to oil pro-
duction levels based on the above-mentioned considerations.

Some Western sources have calculated that a maximum production
level of 2.5 million b/d could meet Kuwait's domestic requirements
and projected foreign assistance programs. There is some pressure in
the Kuwaiti parliament to ,reduce total Kuwaiti oil production to 1.5
million b/d, which would be sufficient for national development and
aid, and still leave a small surplus. 118

Another aspect of Kuwaiti oil policy clarified in the July 12, 1975
statement of Mr. Al-Kazimi is related to Kuwait's plans to gradually
turn away from exporting crude oil to refined products, LNG and
numerous products of the petrochemical industry.149 In view of the
high value-added, industrial nations may prefer to turn to alternative
sources of crude oil supply, if those will be available in sufficient
quantity.

Kuwait is currently not a major source of U.& oil imports, and if the
former does not expand production significantly, the United States
will have to compete for available supplies with Kuwait's traditional
clients in Europe, Japan and elsewhere.

UNITED ARA.B EMIRATES

The UAE is a confederation of the following sheikhdoms: Abu
Dhabi, Ajman, Dubai, Fujairah, Ras Al Khaimah, Sharjah, and
Umm Al Qaiwain. The seven city-states had a combined population
of 197,000 in 1971 and controlled 32,000 square miles. Only Abu
Dhabi, Dubai and Sharjah are known to have major petroleum
reserves which are estimated at about 33.9 billion barrels of oil and
over 200 TCF of natural gas. Current maximum production capacity
has been estimated at 3.7 million b/d, but only about 1.9 million
b/d were produced in 1974, and between January and May of this
year production has averaged approximately 1.7 million b/d. The
members of the confederation continue to be autonomous in many

W M dmle Faat Ewnomfe S,•.mp, July 18,1975.
4 Petrokum Ini•ipgew Weekly, Meun 6, 1974, p. 8.
'a Ibid., p. HL



C

important respects such as the use of oil revenue and control over
defense and internal security.

Domestic economic development, military requirements, and very
generous foreign aid commitments to Arab and non-Arab Islamic
States (which ran at 25 percent of UAW income) at a time when
output has been forced down in view of lower demand have resulted
in a shortage of foreign exchange. The UAE has asked the oil com-
panies to increase production from the current low average of about
1.7 million b/d.

While some Western sources have put maximum production ca-
pacity at between 4 and 6.9 million b/d, it is questionable whether the
UAE with its very small population would be willing to ever produce
that much oil. In view of expected economic and social development,
and continuation of a generous foreign assistance program, it seems C
likely that the UAE will eventually follow a flexible production policy
primarily geared to meet domestic development needs. Under those
circumstances, and assuming no significant downward shift in the
price of oil, it would not be unreasonable to expect production to
peak at between 2.5 and 3.0 million b/d.

UAE exports of oil to the U.S. have gradually grown from 5,000 C
b/d in 1967 to 87,000 b/d in 1974. If production continues to expand
significantly, exports to the United States are likely to increase
considerably.

Relations between the UAE and the United States are basically
good, and the U.S. can supply advanced technology for the develop-
ment of the UAE. It should be kept in mind, however, that much will @2
depend on the future of Arab-Israeli relations. Abu Dhabi was the
first nation to announce an oil embargo following a Congressional
vote to supply $2.2 billion for Israel during the October 1973 war.
The UAE are generally friendly towards the industrial world, but
outbreak of further hostilities will certainly have a major effect on
relations with the Western world. C

QATAR

Qatar had a total population of about 100,000 in 1969. Its petroleum
reserves are estimated at 6 billion barrels of oil and 8 TCF of natural
gas. Qatar produces about 0.3 million b/d and could increase output
to 0.5 million b/d. The United States imported about 18,000 b/d from C
this country in 1974.

In April 1975, the ruler of Qatar decided to reduce oil production,
because oil revenues were in excess of the nation's financial needs,
arguing that:

the conservation of oil in the grounds yields a higher return
than producing it, sinceý its value is increasing several-fold C
above what may be realized from the investment of the oil
revenue.

15 0

Qatar is not likely to produce more than 0.5 million b/d, nor export
much more than 25,000 b/d to the United States.

"Petroleum InteUlierge Weekly, IApll 4, 1975, p. 6.

C



100

ALGERIA

Algeria had almost 15 million inhabitants in 1971. The country's
oil reserves, estimated at 7.7 billion barrels, are not very large in
Middle Eastern terms, but natural gas reserves, estimated at 229 TCF
are among the world's largest. Unfortunately there are major delays
in the construction of LNG facilities in Algeria and in the consuming
nations likely to import Algerian gas. Hence, for some years to come,
oil shipments will remain the only large area of energy exports.

Algeria has steadily increased shipments of oil to the United States,
from 5,000 b/d in 1967 to 227,000 b/d in 1974. However, in view of its
limited resources and technical production problems in several Algerian
oil fields, oil output and exports to the United States are not likely to
rise much. It seems reasonable at this time to assume that exports to
the U.S. will stabilize somewhere in the vicinity of current shipments,
but total energy exports to the United States may rise by the late
1970's, early 1980's, when Algerian natural gas will be shipped in
special LNG tankers to the United States. Contracts with the U.S.
call for initial shipment of 0.3 TCF per year.

LIBYA

The Libyan Arab Republic has a population of slightly more than
two million in 1971. Petroleum reserves are estimated at 26.6 billion
barrels of oil and 26.5 TCF of natural gas. Oil production averaged
1.5 million b/d in 1974 and 2.2 million b/d the year before. Currently
production is running at an even lower level than' in 1974, at 1.2
million b/d. Maximum production capacity on the basis of existing
reserves has been estimated at 2.3 to 2.5 million b/d.

Libya favors a policy of oil conservation and according to oil
minister Izz Al-Din-Al Nabruk, the ideal annual production figure for
Libya would be around 1.7 million b/d.151 Exports to the United States
gow from 42,000 b/d in 1967 to 164,000 b/d in 1973. Because of the
Arab oil embargo in 1973-74, exports to the U.S. dropped to a total of
478,942 in 1974. However, sales to the U.S. have resumed at the pre-
war level, but in view of Libya's traditional clients-primarily Western
Europe and Japan-and projected maximum output of only a few
hundred thousand b/d beyond the 1973 production of 2.2 million b/d,
it seems unlikely that exports to the U.S. will surpass a level of 200,000
to 250,000 b/d over the next five to ten years.

SAUDI ARABIA

Saudi Arabia, a nation with a population of 7.9 million in 1971 holds
approximately 25 percent of the free world's oil reserves, or 172
billion barrels. The vast regions in the central, northern and western
parts, which have not yet been explored could harbor major oil fields.
A major. exploration program is being planned for the new 5 year plan.
Oil Minister Yamani believes that in addition to this country's vast
reserves, another 100 billion barrels are likely to be found onshore and
offshore Saudi Arabia.'"2

ta Middle F. EMmomie Surve, Tune 13,1975, p. 5.
La Middle EA Ecoomic Survey, July 11, 1975, p. 5.



C

101

Saudi Arabia produced 8.3 million b/d in 1974, but reduced demand
for oil in 1975 has lowered production to an average of 6.7 million C
b/d for the first five months of this year. Current optimum capacity
has been estimated at between 9.8 and 11.2 million b/d, but some
sources indicate that on the basis of its reserves, Saudi Arabia could
phyically produce more than 20 million b/d by 1985.

How much Saudi Arabia will actually produce in the next few
years is very diffcult to predict, but. it is not likely to be anywhere C
near the country's ultimate physical capacity. The production
ceiling (as an annual average) for Aramco since the termination of
the Arab oil measures in March 1974 has been 8.5 million b/d, a
figure which is higher than the average daily production in 1974.
Within this framework Saudi policy is one of non-intervention and
leaving production to find its own level in the light of prevailing C
market forces.'1

Saudi Arabia is in the position to cut production significantly even
below the current five month's average to-according to some
sources-as little as 3-4 million b/d. Below that level domestic
economic needs are likely to suffer. Hence, Saudi Arabia is the one
country that could significantly reduce output in order to force prices
upward, but the country has always implacably resisted all efforts C
by its OPEC partners to persuade it to join a program of coordinated
output cutbacks for price maintenance purposes.lH

In the spring of this year, Saudi Arabia launched a five-year, $142
billion development plan. The Saudi Arabia minister of State for
Planning, Mr. Hisham Nazer revealed that the plan was based on
oil production levels for 1975-76 of 5 million b/d, rising at the end of
the plan 1979-80 to 7 million b/d.Y It is likely that implementation
of the plan would turn Saudi Arabia into a welfare state, along the
lines of its neighbor Kuwait. Mr. Nazer has said that among the basic
objectives of development under the plan would be the preservation
of Muslim spiritual values and the Muslim ethic. "Family welfare,
free education for all, and free medical care are all consistent with the C
teachings and precepts of Islam, according to the Minister."

It is not at all certain at this point whether the plan will be imple-
mented on the proposed scale. It has been reported that the vast size of
the five-year plan was programmed in an attempt to utilize the huge oil
revenues from pressures on Saudi Arabia to keep its oil production
up to meet world demand, rather than the other way around. But,
quite a few high Saudi officials are said to contend that their country C
should not produce more than 3 to 4 million barrels daily. This they
feel would amply cover fiscal needs and avoid unnecessary depletion
of oil reserves. They point out that if the country's oil reserves were
stretched to last 100 years instead of say, 40, they would not be faced
with the urgent need to create offsetting industries.18 7

On the other hand, Sheikh Yamani, Saudi Arabia's Oil Minister, C
has said that one of his country's policies is "to link the long-term
sale of crude oil to industrializing Saudi Arabia."' And, Dr. F~arouk

"' Mdle E" Eonomic Surveg, NMrch 28, 1975, p. 2.'T Ibd. p.2.

Is MW ýLer Hoetm Eomfe Revi ew, Tun. 6, 1975.
IN Middle Eauf eoswmic Surveyg July 18, 1975.
0 Patrleu IneWipenwc Weeki 3,Jn 10, 1975, p. L
In Petrlewnm Irddtfligence" Wet 2 pi 976, p. 1. e
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Akhdar, the Chief of the Saudi Arabian Central Planning Organiza-
tion has stated that from an economic point of view, his country would
not cut production, but ". .e. we'll go up to 12 million b/d production
capacity and let demand decide production." 159
. United States direct imports of crude oil from Saudi Arabia had

grown from 86,000 b/d in 1967 to 488,000 b/d in 1973. As a result of
the Arab oil embargo and the subsequent quadrupling of the price
of crude oil, average daily imports decreased in 1974 to 433,000 b/d.

With demand for foreign oil expected to increase significantly
throughout the next ten years, the United States will become increas-
ingly dependent upon the Middle East in general, and on Saudi
Arabia in particular. Whether the country will be able to purchase a
major portion of its additional requirements from Saudi Arabia will
depend on the volume of oil Saudi Arabia is willing to produce.

While at some point prior to the 1973 Arab-Israeli war, Saudi Arabia
had informally expressed an interest in major downstream investments
in the United States in exchange for guaranteed crude oil supplies at
a negotiated price (a plan rejected by the United States), Saudi
Arabia is no longer interested in downstream activities abroad "such
as refining in the U.S., nor, indeed, in real estate, company takeovers,
bonds or other long-term investments that would limit its liquidity for
development plans at home." 100

If this policy persists, Saudi Arabian oil production in the future is
likely to be linked primarily to economic and military development
and foreign assistance programs. U.S. need for Saudi oil-even a few
years prior to 1980-will be such that this oil producing nation may
be asked to produce beyond its 1974 maximum output of 8.5 million
b/d. Whether or not Saudi Arabia will be willing to supply the addi-
tional quantity of oil required to meet the U.S. energy deficit is not
known- but fSaudi Arabia fails to continue its role of the prime
"swing factor" in international oil trade, world-wide economic growth
is likely to be adversely affected.

CONCLUSION

Prior energy outlooks have generally assumed that the massive
oil reserves in the Middle East would be produced over the next
decade and beyond at whatever rate is needed to balance world energy
and oil demand. Our analysis of the major oil producing countries of
the Middle East would tend to dispute this. We believe that in addi-
tion to considering the needs of the oil consuming nations of the world,
one must also fully consider the socio-economic and political interest
of the oil producing nations of the Middle East and North Africa.

Based on their reserves the nations of the Middle East and North
Africa could perhaps produce as much as 50 million b/d in 1985 (or
about twice as much as in 1974), but if they were to do so, production
would peak in the middle 80's and decline thereafter due to resource
limitations. In view of the current government policies in the countries
analyzed, most Middle Eastern and North African oil producing
nations see their interest better served by limiting production and
extending the life of their reserves beyond this profile. Moreover, at

159 Pordeum Irnte1nUce Weekdl, April 21,1975, p. &
tEi Petroleum Infeilige Weeklp, April 21, 1975, p. 8.
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current prices, most of the governments of these nations can meet
their internal goals at a much lower level of production than was
estimated in studies undertaken prior to the 1973/74 quadrupling of C
the price of oil.

The Arab oil embargo and the subsequent increase of the price of
oil rudely awakened the oil consuming nations. Major efforts are
underway to curb demand by implementation of conservation efforts,
and feverish oil exploration activities around the world are likely to
result in significant discoveries outside the Middle East. The North C
Sea discoveries of recent years are but one example. But, even finds
as vast as those of the North Sea and the Alaskan North Slope are
not likely to diminish or even stabilize dependence of the free world
on oil imports from the Middle East and North Africa over the next
ten years.

The United States will join the ranks of the other major oil importing C
industrial countries and by 1977 the United States may be import-
ing about one-half or more of our total oil and natural gas imports
from the Middle East.

In view of the many uncertainties surrounding worldwide demand
and supply of oil, it does not seem possible at this time to forecast
whether sufficient oil will be available to meet projected demand.
We can say with a fair degree of certainty that the Middle East in
general, and a few nations with a low population and limited capital
absorptive capacity, will continue to be called upon to balance supply
with demand. The ultimate decision to bridge the potential gap
between world demand and supply of oil will rest with them in the
near term. In the longer term, reserves will be limiting on a world- C
wide basis, possibly as early as some time during the 1990's.

The consequences of growing U.S. dependence on imported oil
will be discussed briefly in the concluding chapter.

C

C
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CHAPTER IX

TOWARD PROJECT INTERDEPENDENCE

ENERGY IN THE COMING DEcADE

Analysis of energy supply and demand in the United States for the
period 1975-1985, indicates that the country is moving rapidly toward
greater dependence on foreign oil, and in particular oil from the
Middle East and North Africa.

The oil industry estimates a continuation of the post 1970 trend of
lower U.S. domestic oil output (decontrol would slow down this
trend) until at least the fall of 1977 when the Alaskan pipeline is
projected to be completed. Domestic oil production will then gradually
rise again until it reaches a final peak sometime during the late 1980's
or early 1990's.161

Natural gas output is also expected to continue to decline after
peaking in 1973. It would take sustained annual additions to reserves
of 22.5 trillion cubic feet TCF per year between 1975 and 1985-
unprecedented in the history of natural gas exploration in America-
to maintain the 1973 production level and still maintain a reserve/
production ratio of about 10 to 1. Instead, the Federal Power Com-
mission believes that additions to reserves are more likely to follow the
experience of the past 6 to 15 years, and consequently production is
likely to continue to drop for the forseeable future. This study projects
growing dependence on foreign oil during the decade from 1975-1985,
but assuming a commitment to increase domestic fossil fuel production
(from conventional and nonconventional sources) and no significant
cancellations of nuclear powerplants, foreign imports of oil may peak
in the early 1980's.

While coal and nuclear energy are expected to make a significant
contribution to the energy mix of 1985 (both are projected to rise from
an oil equivalent of 6.8 million b/d in 1973 to a total of 15.0 million
b/d in 1985), both sources of energy are no longer expected to con-
tribute as greatly to the 1985 energy mix as projected earlier by govern-
ment agencies such as the FEA (on coal and nuclear, see Blueprint)
and the Department of the Interior (1972 Study on nuclear energy).

Other important sources of energy such as hydropower, geothermal
energy, shale oil, syncrude and s yngas are expected to make some
contribution to the total energy package of 1985 but, with the excep-
tion of hydropower, the contribution of any one of these sources is
likely to remain small until sometime after the mid 1980's.

Hence, conventional oil and natural gas from domestic and foreign
sources will continue to be the dominant sources of energy in the
United States, and will provide two-thirds or more of the nation's
energy requirements by 1985.

What those requirements will be in 1977, 1980 and 1985, the years
for which calculations were made in this study, is very difficult, if not

I' Decontrol of the price of oil domestic crude may add as much as 0.5 miion bid to domestic supply

within a few years after the fact.
(104)
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impossible to forecast accurately. It is known that there is a proven
historical connection between economic growth and energy demand,
but it is not known whether current high prices of energy will at some

point be able to decouple energy growth from economic growth rates.
This study assumed some continuation of the past trends, but the most
likely forecasts of total U.S. energy demand-projected to grow at
between 2.8 and 3.1 percent per year between 1975 and 1985-take
into account a combination of real economic growth rates of 3.0 to 3.5
per year, combined with successful conservation efforts. In view of the
high price of energy, it does not seem likely that recent, pre-embargo,
high-energy growth rates will continue. On the other hand, an energy
growth rate of 2 percent would probably translate into very sluggish
economic growth over the next decade.

Some observers maintain that very low economic growth rates will
have beneficial side-effects in terms of energy savings and environ-
mental quality; others, however, argue that domestic social problems
and a depressed world economy which could result from sustained low
economic growth rates in the U.S., may be too great a price to pay for
gains in energy conservation and environmental quality.

Hence, in view of the assumption concerning economic growth rates
in this study, energy growth rates are likely to average between 2.8 C
and 3.1 percent per year for the next decade. Actual growth rates will
depend on the performance of the economy, the availability of do-
mestic and foreign sources of energy, successful substitution of the
scarcest sources of domestic energy (substitution of domestic natural
gas for foreign oil), the long-term effects of higher energy cost, and
the long-term effects of careful conservation efforts.

In view of the substantial lead-times for development of oil and gas
in frontier areas (Alaska, the Atlantic and deepwater elsewhere), and
for shifting from petroleum to coal and nuclear energy at a much
more rapid pace than projected in this study, supply projections up
to 1980 do not appear to be subject to very siffcant changes.
Decontrol of the price of old domestic oil could add as much as 0.3 C
million b/d, and decontrol of oil and natural gas will probably spur
further exploration activities. But, even under favorable circum-
stances, the lead-times between leasing and full production are such
that the 1977 supply of petroleum is not likely to be affected by
accelerated exploration programs, and the effect of 1980 production
would probably be marginal. It is possible, however, that a combina- C
tion of a favorable leasing policy and gradual decontrol of natural
gas could result in higher natural gas and oil production by 1985 than
projected in this study. However, other observers might argue that in
view of recent pessimistic petroleum resources estimates, production
is not likely to grow much beyond what has been projected in this
study.

Hence, one may conclude that under the domestic supply and de- C
mand assumptions in this study which are considered "cautiously
optimistic" the deficit between domestic energy supply and demand
in the United States will grow at least until the early 1980's. Assuming
the economy will recover rather rapidly in 1976 from the 1974 reces-
sion, and the natural gas shortage will continue as projected (estimated
at 2.9 TCF between 1975 and March 1976 alone, which translated C
into 1.3 million b/d of oil), the total U.S. energy deficit will grow e
rapidly in the next few years. 0

C
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Because oil is the only readily available substitute for shortfalls in
domestic supply of all sources of energy, imports of oil are expected to
rise .shar-ply in the near future. This analysis assumes that the serious
shortfall in natural gas production will continue at least for some years,
and that wherever possible oil will be substituted for natural gas.

It is concluded that even with price decontrol and assuming mod-
erate energy growth rates of 2.8 to 3.1 percent per year, oil and natural
gas imports are likely to grow from an average of 6.4 million b/d in 1974
to between 9.0 and 9.2 million b/d in 1977, between 10.0 and 10.6
million b/d in 1980, and between 9.0 and 10.4 million b/d by 1985. A
recent decision by Canada to phase out natural gas shipments starting
in 1976 will add about 0.9 TCF of gas or the oil equivalent of about
450,000 b/d to oil imports by the time all natural gas shipment will
have been entirely off.

Hence, while in the past we used to differentiate between "secure"
(i.e. free from risk of loss, dependable) and "insecure" sources of
foreign supply, the difference has become less distinct and appears to
be related primarily to questions of timing and the rationale behind
foreign cutbacks. Under this definition the only secure sources of
energy supply are domestic supplies, because in the final analysis each
and every country will act to protect its perceived self-interest.

Rather than dividing oil imports into secure and insecure sources
of supply, one may differentiate instead between traditional long-term
and more recent sources of supply. Throughout the 1950's and 1960's
about two-thirds or more of aYlP.S, oil imports came from traditional
Western Hemisphere sources, and as late as 1967 only about 10 percent
of the imported oil came from the Middle East and North Africa. In
1974, the percentage of U.S. imported Western Hemisphere oil had
declined to about 60 percent, and imports from the Middle East and
North Africa had reached about 19 percent of total imports.

Canada's decision to phase out oilWand gas exports to the U.S., and
the fact that Venezuela's oil production peaked some years ago, will
result in further substantial reduction of oil imports from traditional
Western Hemisphere sources.

However, on the basis of available information of the recent
Mexican oil discoveries, many observers now believe that Mexican oil
exports to the United States will at least partially offset projected
Canadian cutbacks by the end of the decade. While the region's oil
exports (in terms of volume) are likely to decline slightly in the future,
oil and gas imports from traditional Western Hemisphere suppliers
will decline dramatically as a percentage of total U.S. petroleum
imports.

Nigeria, Indonesia and a small number of South East Asian and
West African states are projected to increase oil exports to the U.S.
from about 1.1 million b/d in 1974 to about 2.0 million b/d in 1985.

Most of the remaining foreign oil needed to meet energy demand
will have to be imported from the Middle East and North Africa. This
study indicates that oil imports from this region will have to rise from
about 1.3 million b/d in 1974 to between 4.5 and 4.7 million b/d in
1977; between 5.1 and 5.7 million b/d in 1980 and between 3.8 and
5.2 million b/d by 1985.

Many of the oil producing nations have already committed them-
selves to limited production in order to prolong existing reserves and
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to limit foreign exchange accumulations. Projections of U.S. oil 8c
imports from the Middle East and North Africa have taken into
account current government oil policy in the producing countries,
which have clarified their position in recent months.

Future petroleum policy of Saudi Arabia, with 25 percent of the
world's oil reserves, and the United Arab Emirates, is less clear at
this time. While both nations have relatively small populations and
limited capital absorptive capacity in relation to optimum petroleum C
production capacity, both nations have so far shown considerable
production flexibility. If U.S. demand for Middle East and North
African oil reaches the high level this study forecast for 1977 and
beyond, and these two nations should be called upon to produce
significantly more oil than they are currently projecting, their oil
revenues would be considerably higher than the domestic economies C
are likely to be able to absorb.

Assuming that the major industrial nations of the world will berinto recover from the current deep recession in the near future and that
North Sea, Alaskan, Mexican and other significant recent oil dis-
coveries will produce a substantial volume of oil by the late 1970's, or
early 1980's, total world oil imports from the Middle East and North c
Africa are not likely to reach the high 1973-74 level again until some-
time in the late 1970's. Under favorable demand and supply conditions,
Western Europe's demand for oil from OPEC will remain stable at the
1973-74 level at least until the early 1980's, but Japan's dependence
on oil imports from the Middle East and North Africa is likely to
continue to grow, although the volume may be significantly less than
Japan's total oil growth rate, due to the robability of significant
Japanese oil imports from the People's Repu lic of China.

The dependence of the United States on Middle East and North
African oil, which grew steadily to about 19 percent in 1974, has been
projected to accelerate to approximately 50 percent in two years.
Because a substantial volume of oil will be imported from non-Arab
Iran, dependence on Arab oil imports in 1977 is likely to fall between C
35 and 40 percent of total foreign oil imports.

It is beyond the scope of this study to analyze all of the consequences
of rapidly growing dependence on foreign oil, but some of the more
important consequences are summarized below:

1. The FEA has estimated on the basis of the 1973-74 Arab oil
embargo that the annual loss in GNP of a shortfall of 1.0 million C
b/d of oil will be between $30-$40 billion. FEA's analyI also as-
sumes that the economy can conserve 1 million b/d without adverse
economic impacts.

Under these assumptions, an Arab oil embargo in 1977 could re-
sult in a GNP loss of between $78 to $112 billion, if the embargo
were to last a year, and between $39 and $56 billion, if the embargo
would last six months.'62 Additional unemployment could range from 1
to 1.5 million for an embargo of six months, and between 2 to 2.7
million for an embargo of a year (calculated on the basis of FEA
findings for the 1973-74 embargo).

2. The volume of foreign oil to be carried in foreign tankers is likely
to increase considerably with oil imports projected to increase by

If Federal Energy Administration, Project Independence, op. dt., p. 867.
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almost 50 percent within the next two-years. The carrying capacity
of 247 U.S. oil tankers is currently about 19 percent (with oil imports
at about 6.0 million b/d).

3. America's inability to switch quickly from its rising dependence
on imported oil could lead to more significant world crude price
increases as soon as much of the excess production capacity in the
OPEC bloc has been utilized. Assuming a major recovery of the
Western economies in 1976, this could very well happen in the latter
part of 1977 or soon thereafter.

4. Once OPEC's spare capacity has been removed or diminished sub-
stantially, the United States may have to compete with Western
Europe and Japan for available supplies, because it is not certain
at this point how much oil low-population countries with limited
capital absorptive capacity will produce over and beyond the level
needed to meet domestic economic and other financial requirements.
The possibility that such competition for resources could add to fric-
tion among the principal Western allies should not be taken lightly.

5. Rapid increase o oil imports in the United States raises questions
about security of the supply lines. The role of our conventional naval
forces in guaranteeing the security of the supply lines between the
producer countries and the U.S. may need aditional consideration.

6. Oil and gas imports ranging from 9.0 to 9.2 million b/d by 1977
raise questions about the ability to pay for these foreign imports.
Assuming a 1974 constant price of $11.00 per barrel, foreign oil and
gas imports (Canadian gas is likely to be priced at around $2.00 per
1,000 cubic feet) would cause a drain of between about $37 and $38
billion dollars (1974 dollars) on the balance of trade. Will the nation be
able to offset such a drain by increasing agricultural commodity and
industrial product exports (oil imports costs $24.6 billion in 1974 and
$7.0 billion in 1973)?

7. A recent study by the National Academy of Sciences, entitled
"Petroleum in the Marine Environment" has shown that marine
transportation of oil, and in particular marine transportation in small
tankers, contributes more to the total volume of oil spilled in the ocean
than any other source, including offshore production.10 Lack of deep-
water ports in the United States will mean continuing reliance on
small tankers to carry oil from the producing countries to the U.S., or
from transshipment areas iii the Caribbean where oil can be trans-
shipped from very-large-crude-carriers to small oil tankers.

8. The effects of rising U.S. dependence on foreign oil is likely to
reduce our ability to maneuver freely in the area of foreign policy.
The scope of energy dependence forecast in our study is such that
energy may become the Achilles heel of U.S. foreign policy in the
same way as agricultural shortages have been for the Soviet system.

9. Producing countries are gradually moving toward integrated
operations including their own transportation, refining and even
marketing of oil'. It is likely that gradually a larger part of oil exports
to the industrial world will be shipped in tankers owned by the pro-
ducing nations. Also, producing nations are likely to desire a larger
share of the world oil product market when their domestic refinery
capacity increases. Eventually, producing nations may want a share in

U10 National Academy of Sciences, Perokum In at Marine iwfironmv,. Washington, D.C., 1975, p. 6.



C

109

marketing final products such as gasoline in the industrial nations as
part of their efforts to develop truly integrated national oil com- ec
panies. Not only will such policy of integrated oil companies in-
crease the degree of consumer nation dependence on oil exporting
nations, but it could provide additional incentives to the producing
nations to cut exports of crude oil when net income rises sharply as a
result of exporting significant volumes of oil products and petro-
chemicals with a high value added. Any additional shift from crude
exports to oil products will add to the cost of imported oil and will
consequently add to the foreign exchange problems of the importing
nations.

10. On the basis of calculations by Lewis Weeks, John Moody and
others, it has become clear that the age of abundance of cheap sources
of conventional oil and natural gas is over. Continuation of oil growth
rates of the 1950's and 1960's would require additions to reserves
between 1970 and 1990 that are about 5 times total oil production
between the early part of this century and 1973. Hence, rapid diver-
sion to sources other than oil and gas is an absolute necessity if we
consider it important to determine our own energy future once again.
In this respect we need to keep in mind that the Soviet Union's
energy resources are vast by comparison with ours, even though C
that nation may face short-term supply shortages due to outmoded
technology and capital shortages..

In the short-run the world centers of energy supply are likely to
continue to shift further away from the industrial nations (with the
exception of the North Sea and the U.S.S.R.) in the direction of
Asia and Africa. The foreign policy implications of the shift will be
significant in terms of the establishment of new powerful regions and
the development of new relationships between producer and con-
sumer nations. Rather than contininng the myths of energy in-
dependence by 1985, governments would do better to plan for an
ERA of energy dependence on foreign countries until the day comes
when alternative domestic sources of supply can replace imported
fossil fuels. Planning for such a future and recognizing the continua- C
tion of the present trend in the direction of a world of growing eco-
nomic interdependence, is preferable to a policy of confrontation.

RECOGNITION OF INTERDEPENDENCE

In the preceding chapters it was mentioned on several occasions that C
it is close to impossible to limit the dependence of the oil consuming
nations on OPEC within the forseeable future. Melvin Conant,
Deputy Director of the FEA for International Relations recently
stated that even if major discoveries equivalent to the North Sea
or North Slope were made now, we could not expect their coming
into the world market on a scale of any importance for five years C
and maybe even ten.'"

"And yet", Mr. Conant continued, "to make a significant dent in
the role of the Middle East as a supplier, we would have to find this
much perhaps every year. Over the past 35 years, however, if you
except Nigeria and the discoveries in the Middle East and the Com-
munist world, we have not even approached that figure in terms of C

F lorbes, Septem br 15,1975, p. 51.
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an annual average rate of discovery. Over that 35-year period, despite
the North Sea and the North Slope, our rate of discovery is inadequate
by perhaps 50 percent.161

Once governments of oil consuming nations publicly recognize
that energy independence within the next ten years is next to im-
possible without causing serious dislocations in the economy, they
can begin to prepare the public for an era of close-cooperation with
energy producing nations, while simultaneously attempting to
maximize most or all available energy supply options domestically.

Prior to the 1973-74 Arab oil embargo and the subsequent quad-
rupling of the price of crude oil, it was assumed by most oil consuming
nations that the growing shortfalls in domestic energy production
would continue to be met by importing more foreign, and in particular
Middle Eastern oil. Demand for products and service from the indus-
trial world were expected to keep pace with the rising exports of oil
from the Middle East and other oil producing nations. At the post-
embargo price of oil, however, a number of oil exporting OPEC nations
with low populations and limited capital absorptive capacity, are
faced with the serious dilemma of either producing sufficient oil to
meet world demand (current and future) and in the process accumulate
vast amounts of foreign exchange that can only be partially Out to
use at home, or limiting domestic production. Limiting production
to the level required to meet domestic economic needs aind foreign aid
commitments would cause a rapidly growing gap between world-wide
demand and supply for oil, which in turn would result in prolonged
recessions in the indu'strial world and deepening poverty in the
developing nations.

PRODUCTION OPTIMIZATION AND MIDDLE EAST CAPITAL ABSORPTIVE

CAPACITY

A recent study on capital absorptive capacity of the OPEC coun-
tries (for the complete text, see appendix) confirms the findings of this
study that there is likely to be a significant relationship between the
absorption rate of OPEC countries and their policies with respect to
oil prices and production. The manner in which this relationship will
evolve is highly uncertain at the present time. The Treasury report
confirms that to date, the OPEC countries have been able to reconcile
their respective revenue availabilities and requirements through
selected changes in both prices and production.IM

Of the 12 OPEC countries the Gulf States are least likely to be able
to utilize their oil revenues domestically in a reasonably efficient way
in the foreseeable future. Failure to utilize revenue in a productive way
could prompt either lower prices or a cutback in production. In view
of the political realities in the Middle East, one is inclined to believe
that a cutback in production is more likely to occur than aprice cut.

On the basis of the capital absorptive capacity of OPEC in the
Treasury Department Study, and assumingc a government take of
$9.00 per barrel of oil produced (1974 dol-airs), the nations of the

10 Ibid., pp 51 and 53.
1M U.S. Treasury Department. Ome of the Assistant Secretary of Trade, Ene, and Financial Re-

sources. The Aboryptive Capacity of the OPEC Countries. Office of Middle East Affairs. Washington, D.C.
September 5, 1975, p. Iv. OPEC countries are: Algeria, Equador, Indonesia. Iran, Iraq, Kuwait, Libya
Nigeria, Qatar, Saudi Arabia, the United Abrab Emirates, and Venezuela (Gabon Is an Associate Member).
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Middle East and North Africa would need to produce the following
volume by 1980: e c

TABLE 57.-RELATIONSHIP OF ABSORPTIVE CAPITAL CAPACITY AND OIL PRODUCTION

1980 import
projections per Ol production 1974 actual
day (in 1974 based on projected average

Country dollars) 1980 ImportsI daily production

Saudla Arabia ---------------------------------------- 20,500,000 2.3 8.4
Kuwait ---------------------------------------------- 9,300,000 1.04 2.8
.United Arab Emirates --------------------------------- 1 0,700,000 1.19 1.9
Qatar------------------------------------------- 1,600,000 .15 .
Iraq - -------------------------------------- 26,000,0 2.9 1.6
Libya ------------------------------------------------ 14,200, 000 1.6 1.9
Algeria ---------------------------------------------- 17,800,000 2.0 1.1
Iran -------------------------------------------------. 66900, N0 7.4 6.2

I I millions of barrels per day.

The Treasury Department study suggests that Iran, Iraq and Al-
geria are likely to maximize production and attempt to get higher
prices (in terms of real 1974 dollars) for their oil, while on the other
hand several of the Gulf States are not in need of additional revenue
at current production levels, and could in fact reduce output sub-
stantially without impairing national economic development plans.

Kuwait is among the OPEC nations favoring reduction of produc-
tion. Kuwaiti economic and financial officials have on many occasions
pointed out that their country's national interest is badly served by
constantly increasing oil production, and they express concern for the
industrial nations' prodigal waste of the world's limited petroleum
reserves. They argue that the end of the age of fossil fuels will come
within a few decades, and that at that time a country like Kuwait
will be discarded "like an empty cigarette pack"."7 In the meantime,
they feel that their national interest is wellserved by drawing added
income from price increases and increased shares in companies, while
slowing down the drain on their ultimately finite reserves. Kuwait's
policy of conservation is being seriously considered in a number of oil
producing countries, and even in Saudi Arabia and the United Arab
Emirates--which have so far given no indication of a desire to cut back

roduction-there is an ongoing internal debate on the desirability of
iting production below current maximum capacity.

The Treasury Department study suggests that Saudi Arabia,
Kuwait the UAE and Qatar could limit- production to about 4.5
million b/d in 1980 and still meet all import requirements. A substan-
tial foreign aid program n~ight add another million b/d to production
in order to meet both import and foreign aid requirements. In order
to meet total world demand for oil in 1980, this study has earlier
suggested that a production of between 12.5 and 14.5 million b/d
from these four countries would probably be required.

Are the Persian Gulf States and a few other oil exporting countries
with low population and limited capital absorptive capacity willing to
produce significant volumes of oil beyond that required to meet na-
tional economic development and foreign aid requirements? If so, for

'if U.S. Senate. Committee on Foreign Relations. Subcommittee on Near Eastern Aflairs. 21 Middle
Eas Zetweezi War and Peaes, Nocemberr-December 1975. A Stagi Report. 93rd Congress. 2nd Session. Wash-
lngton, D.C. Maemh 5,1974, p. 21.
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how long a period of time are they willing to either increase production
or keep output at high levels? Under what economic and political
conditions would these countries be willing to meet growing demand
for oil from their region? Unfortunately, nobody seems to have any
ready answers to these questions. We must, however, continue to look
for solutions to future petroleum supply problems, because for the
next five to ten years the only alternative to continuation of high oil
production levels in the Middle East and North Africa is likely to be
a major worldwide shortfall in energy, which will have serious conse-
quences for the economies of the industrial nations as well as the
non-oil-producing developing countries.16 8

To maximize chances for uninterrupted Arab oil exports required
to maintain acceptable economic growth rates in the oil consuming
nations, a number of obstacles need to be removed. Some of the most
obvious obstacles to maintain uninterrupted Arab oil exports to the
consuming nations are discussed in the following pages.

THE ARAB-ISRAELI CONFLICT

One cannot discuss the availability of a steady supply of Middle
Eastern oil to the oil consurning nations outside the framework of
Middle Eastern politics. In the nineteenth century, relations between
European nations had reached a degree of sophistication which allowed
for continuation of civilian trade, even during times of war. The
emergence of the concept of Total Krieg (total war) in the early part of
this century signalled the beginning of trade embargoes, which caused
a great deal of suffering among the civilian popations of warring
nations. The use of the oil weapon should be seen in the context of
modern methods of warfare. It was successfully used by the Arab
nations during the 1973 Yom Kippur war, and it may be used again
in some fashion or another in the future until the Arab-Israeli conflict
has been settled to the satisfaction of the moderate elements in the
Middle East.

The oil weapon was applied more extensively against the United
States than against the rest of the industrial world (with the exception
of the Netherlands), because Arab nations were convinced that only
the United States was in a position to make Israel withdraw from
occupied territories.169 They were and are not satisfied with mere U.S.
determination and sincerity to help solve the problems, but instead
insist on performance.11 The U.S. government believes that the
conclusion of the recent Sinai agreement-in which the U.S. played a
major role-is a step in the direction of achieving a settlement of the
Arab-Israeli conflict. Many observers inside and outside government
circles, however, maintain that Dr. Kissinger will have to deTiver a great
deal more (along the lines of U.N. Resolution 242) to satisfy the de-
mands of the moderate Arab leadership.

Not all observers of the Middle East situation believe that in case
of another Middle East war, oil supply interruptions of the scope of
the 1973-74 embargo are likely to occur, or will even be necessary for

Id See: U.S. Treasury Department. Office of the Assistant Secretary of Trade, Energy and Financal
Resources. The Absorptive Capacity of the OPEC Cotmtries, op. cit., p. iv.

166 United States Senate, Committee on Foreign Relations. Subcommittee on Near Eastern Affairs. ISe
MkjWk P"Betwen War ad Peace. A 8*aP Reort. Wasbington, D.C., Mareh 1974, p. 4,

170 Ibid-, p. 16.
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the Arab nations to achieve their goal. Melvin Conant, Deputy
Administrator of the FEA for International Energy Affairs maintains
that the Arab nations have a more subtle weapon at their disposal.
They can actually achieve some of their political objectives through
what he calls "controlled shortages"P.1 7

Rather than a sharp cutback in production as during the Yom
Kippur war, they can gradually reduce the volume of oil available to
the industrial world. This can be done for reasons that have less to do c
with maintenance of price and more with political objectives17'
As long as the industrial world remains as dependent on Middle
East oil as it is today, Arab nations could successfully implement
such a policy initially without impairing domestic economic
development.

An early solution to the Arab-Israeli conflict is called for in view
of the projected growing U.S. dependence on Arab oil. Failure to
move closer to self-sufficiency in energy, major shortfalls in natural
gas, Canada's planned oil export phase-out program, and rising
demand for oil associated with projected economic recovery, all
point in the direction of rising imports of oil, which can only come
rom the Middle East (and to a lesser extent from other OPEC

nations). This study has projected that as early as 1977, U.S. depend- C
ence on Arab oil may reach 40 percent of total foreign petroleum
imports. Even though the United States has not in the past subjected
itself to foreign blackmail it is very difficult to negate that such
a degree of dependence will not have an effect on U.S. foreign-policy
making concerning the Middle East. Testifying before House Foreign
Affairs Committee, Robert F. Hunter, Senior Fellow at the Overseas
Development Council stated that a major progress was needed in
negotiating peace in the Middle East in order to reduce the likelihood
that the United States will one day be forced to choose between
Israel and oil." 8

HOSTAGE CAPITAL

Peace in the Middle East is a necessary prerequisite for the creation C
of a favorable political climate, a first step in the direction of estab-
lishing a truly inter-dependent relationshiip between the oil con-
suming and oil producing nations. Without peace and without a truly
inter-dependent relationship between consumer and producer nations,
there may not be enough of an incentive for the latter to produce
a volume of oil required to balance domestic supply shortfalls in the C
oil consumer nations. Arab as well as Western sources have indicated
that the volume of oil exports from the Middle East required to balance
consumer-nations' demand would result in vazt accumulations of
petro-funds, much of which out of necessity will have to be invested
abroad.

In order to meet foreign oil demand of the consumer nations, this C
study has projected certain minimum levels of oil output for the
Middle East nations On the basis of the Treasury Department study
on OPEC capital absorptive capacity, and the oil output projections

If' ForbeA. September 13, p. 51.
172 Ibid.,f ".51.
I" U.S. oueof Representatives. Committee on Foreign Aftairs. Subcommittee on Foreign Economic

c P Mig l of the EtiergQ•It re. 92nd Congress. 2nd Session. September 21, 26, 27..C Otoeri~2,pp 69 10..
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in this study, the nations of the Middle East and North Africa would
run the following current account surpluses and deficits on their
balances of payments in 1980:

TABLE 58.-CURRENT ACCOUNT SURPLUSES AND DEFICITS OF MIDDLE EAST AND NORTH AFRICAN OIL
PRODUCING NATIONS

1980 oil 1980 estimated current account
production

level DeficitCountry (projected) I Surplus (billions)

Saudi Arabi# ----------------------------------------------------- 7.0-9 15. 5-22.--......
Kuwait ---------------------------------------------------------- 2.5 4.8 ..............
United Arab Emirates -------------------------------------------- 2.5 4.3 ..........
Iraq ------------------------------------------------------------- 3.5 L99 ..............
Ubya ------------------------------------------------------------ L7 .4 ..............
Algeria- ........................................................ . .75 .......... $3.4
Iran ----------------------------------------------------- 8.0 4.L (O)

3 In millions of barrels per day.
I At 7,000,000 barrels per day, Iran would run a deficit of $1.%0,000.0010.

Within a few years a huge economic entity would be created beyond
the borders of Arab states. At some point those investments will have
reached such vast proportions that the threat of an oil embargo would
be offset by the counterthreat to confiscate Arab investments.17' Many
Arabs fear that they could get into a situation whereby large parts of
their 'original oil resources will have been transferred beyond their
effective control, and their investments will be held hostage for Arab
cooperation in international affairs.175 Yet, if they do not balance
demand and supply of oil in the world by expanding output, oil con-
suming nations will at some point be faced with a severe shortage of
oil which will have an upward effect on prices, reduce industrial
activity and GNP, increase unemployment, create social unrest, and
create additional friction among oil consuming nations competing for
limited supplies.

With the exception of a temporary interruption of the supply of oil
during the 1973/74 embargo, Arab states have met the energy supply
deficit of the consumer nations, and all OPEC countries together ran
cash surpluses of $66 billion in 1974.176 Philip Bradley maintains that
Arab nations may be producing about twice as much oil as they
would if they were guided only by the considerations of present
value.'" Referring to the low rates of return on Arab short-term invest-
ments, Bradley writes:

Entrepreneurial activity in the non-Arab world is not cre-
ating enough high-yield projects to attract more than a
small percentage of Arab petro-funds, and the attractiveness
of even these projects diminishes as latent confiscatory atti-
tudes surface. As a consequence, the bulk of Arab petro-funds
goes into short term deposits and into the governmental
obligations of other nations. The average rate of return on

1, P~hlip D. Bradley, "A Long Term Look at Petro-Dollas", Natond Ra•w•. May 23,1975, p. 558. Seealso- Yusif A. Balrigh. "Arab 11 Polictes: Belf-Interest Versuts International Responsibility', Ja'umal
Palestine Stu•dtes, No. 4. Spring 1975. p p. 59-73. Opinion on the size of OPEC balance of Payment sur-
pluses have differed greatly, and still do. For ;n excelient article by Allred Bellman see appendix XLam b~., .58.Brdle clithse urlusfuds"hotg caia",iefoeg capital at the mercy ofra

t ,nl CityB
"'hilip D . Bradley, " ogTr oka er-olr" p i. .50
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these investments, even without allowing for massive losses
the Arabs have taken on stocks, is below the average rate of C
inflation in the nations where the investments are being
made. In brief, the Arab states are using up their capital: the
value of the assets they are acquiring is less than the value of
the oil assets they are giving up.178

Moreover, recent actions by Saudi Arabia to keep OPEC prices
from rising significantly above the rate of inflation of the industrial C
nations, is another indication of moderation and a desire to co-operate
with the consumer nations. This study, as well as the Treasury study
on the absorptive capacity of OPEC countries show that Saudi Arabia
alone could have reduced current low output of less than 7 million
b/d to about 3.5 million b/d without impairing domestic economic
development. C

Even if maximum efforts were already underway in the major
industrial nations of the world to move away from imported OPEC
oil to domestic sources of energy, it would take a decade or more to
reduce dependence on OPEC, and the Middle East in particular,
significantly below 1974 levels. Reduction of OPEC oil production to
a volume sufficient to meet domestic economic development plans C
only, is certain to cause world-wide energy shortages during the com-
ing decade, with serious effects on the economies of both developed
and developing nations.

Most oil producing nations realize the situation the consumer
nations are in, and they are not out to impair economic recovery in
the consumer countries by holding back on oil exports. Oil producing
states are aware that nations can no longer exist in "splendid iso-
lation". The fate of the oil producing nations is closely tied to sta-
bility in the industrial world- which hold the key to their economic
and technological development. The Shah of Iran expressed this view
in an interview with the German magazine Der Spiegel. He said:

At the end I would like you to know that in our case it C
is not to take vengeance on the West. As I said, we are
going to be a member of your club. It is a question of read-
justing the relation between the industrial world and the
oil producing nations.'

The new relationship between oil producing and consuming nations

referred to by the Shah, could include the following: C

GUARANTEES OF INVESTMENT

In order to reduce Arab fears of accumulating "hostage capital",
Phillip Bradley suggests that the importing nations could do much
to help in creating new international arrangements designed to reduce
politically inspired uncertainties.1 0 Bradley proposes the following C
guidelines: nations participating in such arrangements might agree
to grant to the foreign investor every right enjoyed by the domestic

i'm s id..p. 559.
i.. House of Representatives. Committee on Foreign Affairs. Old Probms, New/dlonsh. l t

of a Study Mission to the Middle East and South Asia Persuant to House Res. 267, authorizing te Com-
mittee on Foreign Affairs to conduct thorough studies and investigations of all matter coming with the
jurisdiction of the Committee. Washington, D.C. 1974, pp. 18 and 19.

13 Philip D. Bradley, "A Long-Term Look at Petro-Do1lar",. op. cit., p. 575.
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investor. Any industry not open to the foreign investor would be
identified: otherwise the foreigner and the native would have equal
rights of entry to any investment area. A foreign investor who found
his investment threatened by confiscation in any form would have the
right to take his case to a court presided over by judges drawn from
the participating countries. The court would be given the economic
power to enforce its decisions. Voluntary arrangements of this kind
would not diminish any nation's sovereignty. Any nation that believed
it had more to gain by leaving the agreement than by remaining
within it would be free to leave; it might be permitted to re-enter
whenever the court found it had satisfied its outstanding obligations
to other participating countries.181 Bradley believes that these ax-
rangements would stimulate the international flow of capital, includ-
ing petro-funds from the Arab world. The idea of guarantee of invest-
ment is not new to U.S. policy-makers. In fact, it has become a
conditio saine qua non for U.S. acceptance of the economic zone con-
cept at the Third Law of the Sea C(onference. 10

DOMESTIC EFFORTS BY THE INDUSTRIAL NATIONS

A firm commitment by the industrial nations is necessary to opti-
mize all possible options in the direction of limiting dependence on
imported oil. The higher price of oil following the Arab embargo of
1973/74 has encouraged world-wide drilling activities, but even if
major discoveries will soon be made outside the Middle East, it will
take between 5 and 10 years (or even longer) before significant vol-
umes of new discoveries will come onstream. The United States needs
to increase coal utilization and support research and development of
synthetic fuels from shale and coal. All industrial nations have a
nuclear option, but debates about the pros and cons of expanding
nuclear power in most industrial nations, possible future shortages of
uranium, and constraints on capital, have already lowered estimates
on U.S. nuclear power availability by 1985, and may have similar
effects elsewhere. There is, however, no other option but to go forward
with nuclear power. The industrial nations will be in a better bargain-
ing position vis-a-vis oil producing states if they were to implement
serious plans towards reducing dependence on foreign oil. Several in-
dustrial nations have already indicated a desire to go slow in the
development of certain energy sources within their borders because of
potential adverse environmental and socio-economic impacts. The vast
accumulation of wealth in the Middle East and North Africa-which
is a direct result of the industrial nations' growing appetite for oil-
is bound to have very significant socio-economic impacts. The indus-
trial world's call for rising oil exports from Saudi Arabia and other
oil producing nations with limited capital absorptive capacity, would
be significantly strengthened if they could show substantial progress
in the direction of limiting dependence on imported oil.

MODERNIZATION AND INDUSTRIALIZATION OF THE MIDDLE EAST

While investment of petro-funds outside many of the oil producing
nations--especially the Gulf states-is likely to continue for the

IN Phiip D. Bradley, "A Long Term Look at Petro-Dollars", op. cit., p. 0"5.
'm ee article 27 of the U.S. draft articles for the economic zone and the continental shelf. United Nations,

Third Law of the Sea Conference, doc. A/Conf. 62/C2/L.47, p. 9.
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foreseeable future (assuming current or rising volumes of oil will be Cexported), the oil producing countries aim at rapid industrialization
and modernization of their agricultural sector. In addition to large
capital goods imports, this policy will require modernization of the
entire society, requiring massive transfers of technology from the
industrial world. Gradually, oil producing states will refine a larger
percentage of total oil output and export fuels, petro-chemicals, and
other produces to the cil consuming nations. Availability of associated C
natural gas which is currently underutilized and mainly flared, could
result in a rapid build-up of energy-iutensive industries in the Middle
East. The products of the new industries would-in part-be exported
to other parts of the world. This, in turn, would strengthen the mutual
dependence of the Middle Eastern countries and the industrial world.
In a recent interview with Forbes, Melvin Conant, the Deputy C
Administrator of FEA for International Energy Affairs stated:

In the 19th century, the industrializing world
developed certain institutional devices-imperialism, thatis--
for assuring access to a supply of raw materials. That system
collapsed with World War i1. What we are engaged in now, C
it seems to me, in oil as in other commodities, is the begini
of an earnest endeavor to find some new mechanism thatmwill
give the industrialized world the access that it used to have-
ut under terms acceptable to both sides. These terms are

going to involve one very distinctive difference from the
system we had earlier-the producers will have to be given
access to the markets of the industrialized world. In oil, this
means that more crude will be processed in its home territory.
Similarly, in petrochemicals, those things we used to reserve
to ourselves are indisputably going to be part of this new
arrangement. So are steel andshipbuilding. The whole gamut
of things that used to be reserved for our side of the table is
somehow going to be worked into this new understanding. C
What we have to do is develop a mutuality of interest in
keeping the system reliable, durable, reasonable, as seen from
both sides.1n

Facing growing dependence on imported oil for at least one more
decade, the industrial nations cannot afford a policy of confrontation
with the producing nations. Instead, they should maintain as har- C
monious relationships as possible with the oil producing states and
work to limit external disturbances which could threaten the security
of oil supplies of the industrial world. The producers, on the other
hand, should also understand that they too have a stake in the peaceful
and orderly development of the oil industry and in the maintenance
of a viable economy in the consumer nations. Consumers and pro- C
ducers of oil can no longer afford to go separate ways. All nations
need to work together to resolve problems which affect all countries
in an era of growing global inter-dependence.

1I Forbe, September 15, 1975, p. 51. ecC
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APPENDIX I

SELECTED GLOSSARY OF TERMS RELATING TO THE C

PETROLEUM INDUSTRY

BAU•m.-Abbreviated bbl. A liquid measure of oil, usually crude
oil: equal to 42 American gallons, or between 280-380 lbs. depend-
ing upon API gravity, and equal to 35 Imperial (British) gallons.

BARRELS PER DAY.-A customary unit of measurement of rates C
of output of oil fields, and throughput of pipe lines, refineries and
marketing facilities. Reference ormay is to the average num-
ber of barrels per calendar day over a specified period, usually a
year. Abbreviated BPD or B/D.

BTu.-Abbreviation for British thermal unit. A measure of energy.
The amount of heat needed to raise the temperature of one pound C
of water by 1 degree fahrenheit when the water is at or near
39.2.F.

CoAL GAsrIcAnON.-A process, not yet commercially viable in
the United States, which produces petroleum gas from coal.

CoAL LiQuWAcrIoN.-A process not yet comm*erciall viable in
the United States, which produces liquid petroleum rom coal.

CoNczssIoN.-Any substantive right to explore for and develop
petroleum fields, whether or not it be called a concession,
lease, contractor's agreement, etc.

CoNszRvATzoN.-The idea of foregoing present benefits to reserve
them for the future. Oil producing states have instituted conserva- c
tion programs to save their oil and the revenues derived from
oil for their future use.

CONDRESsAm.-Hydrocarbons that are in the gaseous state under
reservoir conditions at high pressures, but becomes liquid at the
surface or when reservoir pressures are significantly reduced.

CONTINENTAL SEELF.-The extension of the continental land mass C
into the oceans, under relatively shallow seas, as opposed to
the deeper ocean basins.

CRuDE.--Oil in its natural state, before refining or processing.
DISSOLVED GAs.-Natural gas that is in solution with crude oil

in the reservoir, the way carbon dioxide is dissolved in soda water.
DOWNSTREAm.-Oil is said to flow downstream from well head to C

•as pump. Refining and marketing are generally considered to be
ownstream activities.

(119)
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DRY HOLE.-An oil well that does not produce oil; usually an ex-
ploratory well. Only one out of ten "wildcat" exploratory wells
strikes oil-the rest are dry holes. One out of four wells drilled
in a proven deposit is a dry hole. (See "Wells, Classification of.")

EMBARGO.-A prohibition against trading a product or many prod-
ucts with one or more countries. For example, Saudi Arabia has
embargoed oil shipments to the United States and the Netherlands.

EXPLoITATioN.-Extracting and utilizing oil from a proven deposit.
ExpLORATroN.---Searching for oil; geologic surveys, drilling ex-

ploratory wells or bore holes, conducting soil tests, to see if oil
or gas exists in economically exploitable quantities.

EXPLORATORY WELL.-Any well not surrounded by producing
wells, ranging from wildcats, which are miles from production,
to stepouts which are adjacent to production. See "Wells, Clas-
sification oi.")

FIELD.-An aggregate of overlapping, contiguous, or superimposed
pools located on the same geological structure. All fields are not
created equal; in the United States, for example, 200-odd fields
out of 10 000 account for more than half of total reserves. (See
"Wells, Classification of" and "Reservoirs, Classification of.")

FLARE. GAs.-Unutilized natural gas burned in flares at an oil field:
waste gas.

LNG.-Abbreviation for liquefied natural gas. Natural gas converted
to a liquid under cryogenic conditions by cooling to -- 260F. LNG
occupies 1/600 of its gaseous volume at normal atmospheric
pressure.

LPG.-Liquefied petroleum gas: propane, butane or a mixture of
the two kept in a liquid state by pressure or refrigeration for ease
of handling.

MAJORs.-IIn international oil circles, the majors are the seven largest
companies which control most of the free world's oil, Exxon, Brit-
ish Petroleum, Royal Dutch, Shell, Texaco, Gulf, Mobil, and
Standard of California. In the United States, the term "majors"
usually applies to the 20 largest integrated companies.

MAXimUM EmnrTc RATE (MER).-The producing rate consistent
with maximum recovery of reserves (about 1/15 of proven
reserves per year in the case of domestic oil fields, and 1/15 to 1/20
of proven reserves per year for domestic natural gas). The M.E.R.
for any given field may, however, be significantly greater or less
than this approximation. Production at a rate in excess of the
M.E.R. for the field concerned may result in such depressurization
or other reservoir drainage that very large amounts of crude
become unrecoverable.

NATURAL GAs.-A naturally occurring mixture of hydrocarbons
and varying quantities of nonhydrocarbons that exist either in
the gaseous phase or in solution with crude oil in undergound
reservoirs; primarily methane and ethane.

NATURAL GAS LIQuIDs.-Those portions of reservoir gas that are
liquefied at the surface in separators or gas-processing plants;
primarily propane, butane, and pentane.
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NAVAL PETROLEUM RESERVES.-SinCe 1910 certain of the public
lands of the United States have been set aside from those available6c
for sale or lease for purposes of oil production. Since 1928 these
have been under the jurisdiction of the Department of the Navy.

There are four Naval Petroleum Reserves: Reserve Number
One is at Elk Hills, California and contains at least 1.3 billion
barrels of proved reserves. It may hold nearly 3 billion barrels of
crude. This reserve is in a high state of readiness for production, C
and could begin to produce at a rate of 250,000 barrels per day
within 6-12 months.

Naval Petroleum Reserve Number Two is located at Buena
Vista Hills, California, just south of the Elk Hills Reserve. Be-
cause of the pattern of ownership in the area, it is not feasible
to keep this reserve shut-in, and it is therefore presently produc-
ing at its maximum efficient rate. The proven reserves of this area C
are about 50 million barrels.

Reserve Number Three is at Teapot Dome, Wyoming. This re-
serve is shut in except for some minor drillig to prevent seepage.
Reserves are estimated at 50 million barrels.

Naval Petroleum Reserve Number Four is on the North Slope
of Alaska just west of the lands to be served by the Alyeska C
pipeline. Estimated recoverable reserves in this area are 50 billion
barrels of crude oil and 80 trillion cubic feet of natural gas. This
does not include the offshore areas.

OAPEC.-The Organization of Arab Petroleum Exporting Countries,
founded in 1968.by Saudi Arabia, Libya. and Kuwait for coopera-
tion in economic and petroleum affairs. In 1970, Abu Dhabi,
Algeria, Bahrain, Dubai, and Qatar joined. Egypt, Syria, and
Iraq joined in 1972. Dubai withdrew in 1973.

OFnnoRz.--The area from the high water mark seaward to the
edge of the continental shelf.

OIL-IN-PIkcFv.--Deposits of oil whose existence has been discovered
through exploration. (Compare "Proved Reserves".)

OIL STIAT E.-A sedimentary rock containing organic material called
Kerogen; yields oil when heated. Large areas of the United States
are known to contain oil shale deposits, but those areas in Colo-
rado, Utah, and Wyoming that contain the organic-rich sedi-
mentary rocks of the Green River Formation hold the greatest
promise for oil production in the immediate future. The known C
deposits of this formation include high-grade shales that contain
about 600 billion barrels of oil. An additional 1,200 billion barrels
are present in lower grade shales.

ON STREAM.-When a refinery or petrochemical plant becomes
operational it is said to go "on stream". C

OPEC.-Organization of Petroleum Exporting Countries. Founded
in 1960 to unify and coordinate petroleum policies of the members.
The members and dates of membership are: Abu Dhabi (1967);
Algeria (1969); Ecuador (1973); Indonesia (1962); Iran (1960);
Iraq (1960); Kuwait (1960); Libya (1962); Nigera (1971);
Qatar (1961); Saudi Arabia (1960); and Venezuela (1960).
OPEC headquarters is in Vienna, Austria.

C
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PRIMARY RECoVERY.-Initial production of oil or gas, usually by
natural reservoir energy.

PRODUCT.-One of the products produced from crude oil by the
refining process, such as kerosene, tax, or gasoline.

RESERVE/PRODUCTION RATIo.-In the petroleum trade, a standard
measurement is the ratio of proved reserves to annual production
expressed in years supply. Again, a word of caution: the amount
of crude oil "proved' and produced is an amount solely de-
termined by investment and production policies. For the United
States, the R/P ratio has slowly declined for many years, from
16.3 years (in 1920), 15.1 (1930), 14.1 (1940), 12.8 (1950). 12.3
(1960), 8.9 (1970). The oil strike on the North Slope of Alaska,
however, has temporarily checked this downward trend. Last
year (1972), the R/P ratio for the U.S. was 9 years.

Note. As in the past, the United States is drawing on its petroleum
resources at a much faster rate than other countries. Over a hundred
years of active production, since the discovery of oil in 1859 in the
foothills of northwestern Pennsylvania, has resulted in the so-called
"Lower 48" being the most drilled up piece of real estate in the world.
Although the distinction will inevitably pass before the 1970's are
out, the U.S. has from the beginning been the world's largest oil pro-
ducer. In fact, production in the U.S. averaged more than half of
world output up to the time of the Korean War. It was American oil,
after all, on which Allied Forces "floated to victory" in World War I.
and by 1924, as one contemporary author wrote, output had reached
"the undreamed-of total of 2,000,000 barrels a day." In 1939, the U.S.
produced nearly 3% million b/d out of a world production of 5.7
million b/d.

Today, the U.S. has achieved a crude production level of 9 million
b/d-equal to the world level after World War II. The U.S. has over
525,000 operating wells, in comparison to the 5,780 wells found in the
Middle East and North Africa.

A comparison of the global distribution of reserves with crude pro-
duction reveals a far from uniform pattern. The Organization of
Petroleum Exporting Countries, which accounts for some 90 percent
of international petroleum trade, had a percentage of world produc-
tion below their percentage of world reserves, whereas the reverse was
true for the non-OPEC producing group. In 1972, the United States
produced about 22 percent of the world's crude but held only 5.5
cent of the world's crude reserves. Conversely, Saudi Arabia, which
possessed over 30 percent of the world's reserves, produced only 11.4
percent of the world's crude. OPEC, however, is developing rapidly,
and their reserves, as well as their annual share of the world's crule
production, are certain to increase in the near future.
T•-sERvon.-A single, separate, natural underground accumulation

of petroleuim in the pores of sedimentary rock. It is a single
natural pressure system; production of petroleum from part of
the pool affects reservoir pressure throughout its extent. It is
effectively separated (by rock, water, or other impermeable bar-
riers) from any other pools which may be present in the same
region or on the same geological structure.
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RI.---Ol well dri~ng structure; platform, pumps, drilling engines,

tower, cables, winches, etc., are parta of the rig.
SECONDARY REcovzRY.-EEnhancing the production of oil left in

a reservoir by conventional methods, including water or gas
injection, water-flooding, heat, or nuclear.

TAR SANDS.-Sand deposits that contain recoverable hydrocarbons. c
The most extensive known deposits are the Athabascan tar sands
near Ft. McMurray, Alberta, Canada.

TERtTrARY REcovzRr.-The process of flooding an oil reservoir
with chemicals to recover reserves remaining after secondary
recovery.

ToN (SHORT TON, LONG TON, Mzmuc ToN).--Short ton=-2,000 lbs. C
Long ton=2,240 lbs. Metric ton=2,204.62 lbs.

A metric ton is the common foreign measure of quantity of
petroleum. Because the common American measure is the barrel
(a unit of volume not of weight), no single conversion factor
applies to all crude oils: heavier crudes weigh more per barrel
than light crudes. The normal range is 6.5 to 8.5 barrels per c
metric ton. At API gravity of 30, one long ton of crude equals
7.31 barrels. For convenience, a conversion factor of 7.3 barrels
per metric ton is frequently used. At this rate, 1 million metric
tons per year equals 20,000 barrels per day; or metric tons per
year equals 50Xbarrels per day.

WELL.-An oil well may best be described as a pipe line reaching from
the top of the ground to the oil-producing formation. It is through
this pipe line that oil is brought to the surface. This pipe line is
a series of joints of a special kind of pipe (casing) screwed to-
g ether to form a continuous tube or string for the oil and gas to
flow through.

A second protective string may be used. This casing is called
the intermediate string or "salt string" because it generally is
run to a depth sufficient to case off salt and anhydrite formations.
Such a string may be set at depth of 5,000 ft. or more.

The final string of casing, called the oil string, will usually
extend from the surface through the surface and intermediate pipe
to the top of and sometimes through the producing zone at totan
depths of 20,000 ft. or more. Because both strings of casing are C
subjected to large pressures and forces, it is necessary that the
casing string be carefully designed and prcperly run into the well.

WELL HE .- The valving at the top of the well, the point at which
production is counted and production cost is computed.

WIUDCAT.-A well drilled in an area which has not produced gas or C
oil previously; usually exploratory, and often without geophysical
investigation. On an average, one out of nine or ten wildcats
strikes oil or gas. (See "Classification of Wells.")
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APPENDIX II

OIL AND NATURAL GAS RESERVES AND RESOURCES

For any discussion concerning current supply and projected avail-
ability of oil and natural gas in the future, it is important to distin-
guish between reserves and resources.

ENTREDIDemonstrMted lN VERED
Measured Indicated Inferred

RES•. ER ..VE. u '.....- d..,: :. :. ................ .......

=' 'MM -

Aso AuJ N7J W up .TJL %W .AA No I!
-~--- %I creaskV degree of geologc wassmmc

FIGuRE 6.-Diagrammatic representation of petroleum resource classification by
the U.S. Geological Survey of the U.S. Bureau of Mines (modified from
McKelvey, 1973).
Source: U.S.G.S. Geological Bstimates of Undiscovered Recoverable Oil and Gas

Reources in the United States, Geological Survey Circular 725, Washington, D.C.
1975, p. 8.

Resources and reserves of oil and natural gas can be subdivided
according to the degree of geologic assurance and economic feasibility
of mining. The U.S.G.S. has subdivided resources and reserves in the
following way:

(124)
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RESERVES AND REsou1cEs (DEFINITIONS)

Resources: Concentrations of naturally occurring solidi liquid, or
gaseous materials in or on the earth's crust in such form that
economic extraction of a commodity is currently or potentially
feasible.

Economic Resources: Those resources, both identified and undis-
covered, which are estimated to be economically recoverable.

Subeconomic Resources: Identified and undiscovered resources that
are not presently recoverable because of technological and
economic factors but which may be recoverable in the future. C

Identified Resources: Specific accumulations of economic resources
whose location, quantity and quality are estimated from geologic
evidence supported in part by engineering measurements.

Idenatified Subeconomic Resource: Known resources that may become
recoverable as a result of changes in technological and economic
conditions. C

Undiscovered Resources: Quantities of a resource estimated to exist
outside of known fields on the basis of broad geological knowl-
edge and theory.

U•discovered Recovered Recoverable Resources: Those economic re-
sources, yet undiscovered, which are estimated to exist in favor-
able geologic settings.

Reserves: That portion of identified resources that can be economically
extracted.

Measured Reserves: That part of the identified resource that can be
econdmically extracted using existing technology, and whose
amount is estimated from geologic evidence supported directly
by engineering measurements.

Indicated. Reserves: Reserves that include additional recoveries in C
known reservoirs which engieer knowledge and judgement
indicate will be economicaly availble by application of fluid
injection, whether or not such a program is currently installed.

Demwnstrated Reserve: A collective term for the sum of measured
and indicated reserves.

Inferred Reserves: Reserves in addition to demonstrated reserves C
eventually to be added to known fields through extensions,
revisions, and new pays.

C
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APPENDIX IH

WORLDWIDE OIL AT A GLANCE

Reserves, July 1, 1975 Oil production

Gas Estimate
Oil (billions Producing 1974 Percent

(thousand cubic wells (thousand change
Country bid) feet) July 1, 1974 b/d) 1973

Asia-Pacific:
Afghanistan ---------------------- 85, 0)0 3, 530 15 0.2 ... ......
Australia ------------------- 2300,000 38, 000 373 370.6 0.7

-Bangladesh ------------------ -2-- 00 .. 0. 50,
rnei-Malaysl .............. 2,500,000 22,000 3 519 3.0 .6

Burma ---------------------- 65,000 I50 595 23.0 --------------
China Republic iTwiwan)--------- -15,000 1,000 60 3.3 --------------Guam -------------------------------------------------------------------------------------------------- ...
India . . . ..----------------------- &34,000 2,500 1,500 149.0 .7
I ndonesia ------------------------ 15,000,000 15,000 2,710 1,457.0 10.0
JKpan ----------...--------------- 30,000 1,700 1,044 12.3 --------------Khm er Republic -----------------------------------------------------------------------------------------
Korea South
New Zealand -.------------------- 75,000- 5,000 4 3._8 -- 5.0
O k in a w a (R .I.) . --. . . .. . . . .. . . ... . . ... . . ... . . . .. . . ... . . .. . . .... . . ... . . ... . . ... . . ... . . .. . . .... . ... . . . ... . . .
Pakistan ------------------------- 28,700 16,000 16 7.1 -16.5
Philippines ---------------------------------------------------------------------------------------------S ingapore -------------------------------------- ---------------------------------------------------------
SriLanka ----------------------------------------------------------------------------------------------
Thailand ------------------------- 115,000 1.000 25 .2 --------------
Vietnam, Southt ----------------- : ..............................................

Total, Asia-Pacific --------------- 21,047,700 115,880 6,861 2,353.5 4.3

Europe:
Austria ------------------------ 182, 000 953 1,271 47.0 -6.0
Belgium -------------------------------------------------------------------..--------..----------......
Cyprus .................................................. : ..............................................
Denmark ------------------------- 247,000 500 6 4.0
Fin land ------------------------------------------------- -------------------- ----- ----------------------
France --------------------------- 142,000 5,800 295 20.2 -19.2
Germany, West. .---------------- 550,000 11, 473 2, 699 125.4 -5.9
G re ecet .... ..... ..... ...... .... ........... .... ..... ..... .. - ---... -; --._-; --_ --. .. ._- --..-
Irelandt-..............................--.-----................
Italy-Sicily ---------------------- 750,000 12,000 111 18.3 -9.4
Netherlands ---------------------- 250,000 94,1800 347 27.4 -2.1
Norway. ------------------------- 7,300,000 24,700 6 30.0 200.0
Poland ................................................................................................
Portugal ...............................................................................................
R o m ania --- ------ ----- ----- ---- ----- ----- ---------- ----- -------------------- ----- --- ...6.- ......... .
Spain ---------------------------- 293,000 600 24 38.0 90.0
Sweden .....................................-................................-.........................
Sw itzerland --------------------------------------------------------------------------------------------
United Kingdom ----------------- 15,700, 000 50,000 57 1.9 22.6
Yugoslavia ----------------------- 400,000 2,000 1, 100 69.0 -2.8

Total, Europe ------------------- 25,814, 000 202,826 5,916 381.2 3.0

Middle East:
Abu Dhabl ----------------------- 30 000,000 200, 000 160 1,750.0 34.5
Bahrain -------------------------- 336, 000 6, 600 211 68.0 -_. . .

Dubai -------------------------- 2,420, 000 1, 500 45 232.0 28. 9
Iran ---------------------------- 66,000,000 330,000 369 6,128.0 .6
Iraq --------------------- 35,000,000 27,500 156 1,829.3 2.0
Israel ---------------------------- 2,200 20 25 1 100. 8 -11.8Jo rdan --------------- -------------------- ---- ---------------------------------------------------------.
Kuwait --------------------------- 72,800,000 32,000 692 2,600.0 -7.4
Lebanon ...............................................................................................
Neutral Zone --------------------- 17,300, 000 7, 500 449 485.4 -4.3
Oman ---------------------------- 6,000,000 2,100 61 297.0 -. 7
qatar ------------------- 6,000,000 8, 000 81 546.0 5.4
Saudi Arabia ----------.. ....--------- 164,500,00 55,000 670 8,400.0 11.7
Sheriah ---.. . ..----------------- 1,500,000 1, 500 3 50.0 100.0Souni Yemen (Aden)....... ................................................................
Syria . --------------------- 1, 500, 000 700 123 119.0 7.2
Turkey -------------------------- 500,000 250 313 65.3 .5

Total, Middle East --------------- 403,858,200 672,670 3,358 22,670.8 7.0
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WORLDWIDE OIL AT A GLANCE-Continued a
Reserves, July 1, 1975 Oil production

Gas Estimate
Oil (billions Producing 1974 Percent

(thousand cubic wells (thousand change
Country b/d) feet) July 1, 1974 b/d) 1973

Africa:
Algeria--- --------------- 7,070, 000 229,000 926 888.8 -19.2
Angols-Cabinda-----.......... 1, 175, 000 1,400 181 161.5 6.9
Congo Republic ------------------- 4, 874, 000 1,000 52 51.2 12.0
Dahom ey ' -----------------------------------------------------------------------------------------
Egypt2 - -------------------- 3,700,000 3,500 437 118.3 -42.8Ethiopia2 ----------------------------------------------------------------------------------------------
Gabon --------------------------- 1,750,000 7,000 137 182.0 20.1
Ghana' ---- ------- ----- ---------
Ivory Coast --------------------------------------------------------------------------------------------Kenya -------------------------------------------------------------------------------------------------
Liberia
Libya ---------------------------- 26, 600, COO 26,500 979 1, 700. 0 -21.6Malagaos y ----------------------------------------------------------------------------------------------
Morocco ------------------------- 450 24 22 0. 9 -------------
M ozam bique' ------------------------------------------------------------------------------------------
Nigeria -------------------------- 20, 9O000, 45,000 1,088 2,300.0 15.0
Rhodesia -----------------------------------------------------------------------------------
Sen egal ----------------- ----- ---------- ---------- ------------------------------ --------- ---------- -----
Sierra Leone --------------------------------------------------------------------------------------------Sudan ...................................................----............................................
Tanzania.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Tunisia -------------------------- 1,100, 000 1,500 55 85.0 3.5
Union of South A frica 2...................................................................................
Zaire3 --------------------------- 500,000 50 ------------------------------------------
Zam bia --------------------------------------------------------------

Total, Africa -------------------- 68, 299,450 314,974 3, 777 5,487.7 -7.2

Western Hemisphere:
Antigua ................................................................................................
Argentina ---------------------- 2, 346, D0 7,500 4,095 422.0 --------------
Baham as -----------------------------------------------------------------------------------------------
Barbados ------------------------ 25,000 -------------- - 8 0.3 100.0
Bolivia ---------------------- 25o,00 11,000 281 47.5 -5.0
Brazil ---------------------------- 775, 000 914 1,247 172.2 1.2
Chile ---------------------------- 200,000 2,800 316 28.6 -15.9
Colombia ------------------------- 900,000 4,000 2,078 169.7 -16.0
Costa Ric e$ --- -----------------------------------------------------------------------------------------
Cuba --------------------------------------------------------------------------------------------------
Dom inican Republic .............................................--
Ecuador --- . ...-------------------' 2, 500, 000 5,000 843 232. 0 12.5
El Salvador ----------------------------------------------------------------------------------------------
Guatemala '
Honduras ----------------------------------------------------------------------------------------------
Jamaica................................................................
M artinique -----------------------------------------------------------------------------------------
Mexico -------------------------- 13, 582, 000 15,000 3,301 .. 513. 5 17. 1
N etherlands Antilles ------------------------------------------------------------------------------------
N icaragua ----------------------------------------------------------------------------------------------
Panama................................................................
Paraguay -----------------------------------------------------------------------------------------------
Peru -------------------------- 2,500,000 5,000 2,422 69.7 -1.3
Puerto Rico ...........................................................................................
Trinidad and Tobago -------------- 2, 500, 000 6, 000 3,020 181. 3 9.9
Uruguay --------------------. ..-.. . . . . . . . .. . . . . . . .. . . . . . . .
Venezuela ----------------- 15,000,000 43,000 12,450 3,025.0 --10.0
VIC l anin Islands .. ..........................................................................--- 9
United States --------------------- 35, 299,839 250,000 504, 000 8,945.0 -2.9
Canada.---,.------------------- 9,400,000 '52,500 21,202 1, 682. 0 -6.5

Total, Western Hemisphere ----- 85, 277, 839 402,714 555,263 15, 488.8 -1.7

Total, non-Communist ------------ 604, 297,189 1,709,064 575,175 46,382.0 2.0
Communist world --------------------- 11, 400,000 '846,000 ------------- 10,390.0 7.5

Total, world -------------------- 715, 697, 189 2,555,064 -------------- 56, 722.0 3.0

1 Includes captured Sinai.
Oil or gas discovered, but not developed.
To go on production in 1976. at 25,000 barrels per day.

4 Revised.
5 Does not include Orinoco heavy oil belt's estimated 700,000,000,000 barrels.
6 Does not include Artic gas.
' Including Russia 83.4 billIon, Mainland China 25 billion, others 3 billion.
' Including Russia 812 trillion, Mainland China 25 trillion, Hungary 3 trillion, others 6 trillion.

Source: "The Oil and Gas Journal," Dec. 30, 1974, pp. 108, 109.
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APPENDIX IV

WORLD OIL PRODUCTION, 1964-74

[in thousand barrels daily]

Yearly change I

(percent)

1974 1974
over over

Country/Area 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1964 1969

,.., North America:
United States:

Crudeol ................................... 7,615 7,805 8,2 k,810 9,095 9,240 9, U5 9,465 9,440 1.210 8,795 +1.4 -1.0Natural gas liquids .......................... 1,155 1,210 1,285 1,410 1.505 1,590 1,660 1,695 1:745 1.740 1,690 +3.7 +1.2

,770 9,015 9,530 10,220 10,600 10,80 11,295 11,160 11,185 10,950 10.485 +1*7 -. 7Canada ------------------------------- 850 935 1.,015 1100 1,195 1,310 1.475 1,585 1,830 2.115 2,000 .0
Mexico ----------------------------------------- 355 350 370 410 440 460 485 485 50 550 625 5.0

Total, North America-.......................... 9,975 10,310 10,965 11,740 12, 235 12,600 13,255 13,230 13,520 13,015 13,110 +2.7 +-.8
Caribbean:

Venezuela----------------------------..... '3,395 3,505 3,405 3,580 3,645 4 M3 3,760 3,520 3,305 3,460 3,060 -1. 1 -5
Colombia ....................................... 170 200 195 190 175 210 220 215 195 185 17 ---------- -4.2
Trinidad --------------------------------------- 135 135 150 180 185 160 140 130 140 165 180 +2.8 +2.8

Total, Caribbean ---------------------- ------- 3,700 3,840 3,750 3,950 4,005 4,000 4,120 3,965 3,640 3,810 3,410 .9 -3.2

South America:
Argentina -------------------------------------- 275 270 285 315 345 355 390 425 435 420 415 +4.2 +3.1Brazil ------------------------------------------ 90 95 115 145 155 175 165 170 165 165 175 46.7..Other South Amcrica ---------------------------- 115 115 120 150 165 150 135 135 230 380 325 +10.8 +&i6-

Total, South America -------------------------- 480 480 520 610 67S 680 690 730 830 965 915 +6.5 +S.9
Total, Western Hemisphere ------------------- 14,155 14,630 15,235 16,300 18,915 17,280 18,065 17.925 17,990 18,390 17,435 +2.0 4.1



Western Europe:
France ----------------------------------------- 55 60 60 55 55 50 45 35 30 25 20 -9.2 -15.4
West Germany ---------------------------------- 150 155 155 155 155 155 150 145 140 10 120 -2.1 -4.7
Austria ......................................... 50 55 55 55 55 55 55 50 50 50 45 -1.7 -4.1
Turkey ----------------------------------------- 20 30 40 55 60 70 70 70 65 70 65 413.6 -1.7
Other, Western Europe ........................... 140 135 125 125 125 130 130 125 150 170 195 -2.7 -f 7. 8

Total, Western Europe -------------------------- 415 435 435 445 450 460 450 425 435 445 445 4.4 -. 7

Middle East:
Iran-------------------------------------- 1,710 1,910 2,110 2,600 2,840 3,375 3845 4,565 5,050 5,895 6, 060 +13. +12.4
Iraq --------------------------------- w-------- 1,255 1.315 1,390 L,230 1.505 1,525 566 1,700 1,465 Z.020 1.935 +4.4 +4.8
Kuwait ---------------------------------------- 2115 2,170 2,275 2, 20 2,420 2,575 2,'56735 2,925 3,0 0 2,755 2,275 +.7 -2.4
Neutral Zone .................................... 360 370 420 415 405 420 505 545 565 535 545 -+4.1 +5.3
Qatar ------------------------------------------ 215 235 290 325 340 355 370 430 485 570 520 +9.3 +7.9
Saudi Arabia .............................. 1,730 2,•0 2,5395 2,600 2,830 2,995 3,550 4,500 5,730 7,345 8,210 +16.8 +22.4
Abu Dhabi------------------------------- 195 280 360 380 495 600 695 935 1,050 1,305 1,415 +22.4 +18.7
Oman ........................................................................ 55 240 330 330 285 280 295 295 -2.
Other Middle East ------------------------------- 50 60 65 75 105 185 245 320 345 390 465 +25.1 +19.7

Total, Middle East ----------------------------- 7,620 8,365 9,305 9,970 11,180 12,360 13,840 16,205 17,970 21,110 21,720 +11.0 +11.9

Africa:
Algeria - --------------------------------. u 575 730 5 915 955 1040 780 1,070 1,095 040 2 +1.7
Libya- ---------------------------------8 1,225 1,505 1,745 2,605 3,110 3,320 2.76 2,240 2,180 1,525 9 -13.
Other North Africa ............................... 130 130 140 170 290 420 555 505 435 335 325 +9.44-5.2
Ni4eria ..... ---------------- 120 275 420 320 146 540 1,085 1,530l 1,820 2,055 2.330 342 +33.9
Other West Africa ............................... ,4 85 120 155 215 230 270 350 420 24.0 +22.9

Total, Africa .................................. 1,725 2,245 2,840 3,155 4,075 5,180 6,215 5,810 6,835 6,015 5,640 +12.6 +1.8

Southeast Asia:
Indonesia ...................................... 470 485 475 510 600 750 855 890 1,080 1,335 1,395 +11.5 +13.2
Other Southeast Asia ---------------------------- 75 80 95 110 125 140 160 220 250 325 305 +15.2 +17.1

Total, Southeast Asia .......................... 545 565 570 620 725 890 1,015 1,110 1,330 1,660 1,700 +12. 0 +13.8

U.s ......................................... 485 4,885 5,335 5,795 6,190 6,595 7, 7,470 7,890 8,455 9,055 +7.3 +6.6
.Eastern•Europe - ---------------------------- S300 305 315 3 330 325 325 3 345 345 350 +1.4 +1. 5

China k ........................................ 190 215 265 240 280 315 430 540 630 845 1,050 +18. 9 +27. 3
Other, Eastern Hemisphere ----------------------- 85 105 140 175 195 210 360 500 555 580 575 +20.8 +22.1

Total, Eastern Hemisphere ..................... 15,365 17,120 19,205 20,725 23, 425 26,335 29,725 32,400 34,990 39,455 40,535 +10. 1 +9.0

World (excluding U.S.S.R., Eastern Europe, and China)... 24,545 2A,345 28,525 30,655 33,540 36,380 39,945 41,975 44,115 48,200 47,515 +6.7' +5.5

World ---------------------------------------- 29,520 $1,750 34,440 37,025 40,340 43,615 47,790 50,325 52,980 57,846 57,970 +&9 +5.9

I Based on Wlit. Source: The British Petroleum Co, BP Statistical Review of the World Oil Industry, 1974 London,
I Greater than 3percent. 1975, p. 19.
9 Includes Albania.
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APPENDIX V

WORLD OIL PRODUCTION, 1964-74

[in thousand barrels dailyl

Yearly change't
(percent)

1974 1974
over 1verCountry/Area 1964 1965 196G 1967 1968 1969 1970 1971 1972 1973 1974 1964 1969

CONSUMPTION
United States 2 ...................................... 10,815
Canada ------------------------------------------- 1,070
Other Western Hemisphere ------------------------- 1,935

Total, Western Hemisphere --------------------- 13,820

11,300 11,850 12,280 13,085 13,815 14,350 14,845 15,990 16,870 16,220 +4.1 +3.3
1145 1,210 125 1375 1440 1 525 1, 55 1 655 1 755 1850 -+5.5 +5.0
1,0420,195 1, 270 Y.440 2,610 Y. 820 3,035 3,275 Y, 515 4705 +6.6 +7.1

14,485 15,255 15,835 16,900 17,865 18,695 19,465 20, 920 22,140 21L 775 +4.6 +4.0

Benelux ........................................
France -----------------------------------------
West Germany ...................................
Italy ..............................................
United Kingdom ..........................
Scandinavia .............................
SpIn .............................................

ter Western Europe -------------------------------

Total, Western Europe ------------------------

Japan .............................................
Australasia -------......---------------------------
U.S.S.R ............................................
Eastern Europe -------------------------------------
China' --------------------------------------------
Other Eastern Hemisphere ...........................

Total. Eastern Hemisph.ere ---------------------

World .......................................

740 835 890 940 1.030 1.150 1,290 1,290 1,425 1,470 1,275 +5.4 +1.6
970 1,100 190 130 1,470 705 1,920 2090 2, 315 2,585 2,435 +9.7 +7.7,895 2,135 2,420 2,655 2, 745 2.885 3,070 2,785 +6.9 +2.8
930 1,030 1,135 ,50 1,385 ,530 1,740 1,875 1, 970 2,070 2,010 +7.8 +5.4

1,350 1,495 1,610 1,690 1,830 1,950 2,060 2, 080 2, 210 2,300 2,150 +4.6 +2.0
615 690 785 790 880 1,005 1,130 1,095 1,125 1,120 1,020 +5.2 +.1
195 230 270 325 365 425 490 570 605 735 765 +15.0 +13.0
715 820 900 1,000 1,100 1,225 1,375 1,510 1,620 1,810 1,730 +9.2 +7.1

. 6,925 7,820 8,610 9,260 10,195 11, 410 12,660 13,255 14,155 15,160 14,170 +7.3 +4.4

1,495 1,750 2,005 2,485 2,850 3,390 4,000 4,435 4,735 5,450 5,310 +13.3 +9.1
380 430 450 485 530 5 ,0 60 625 640 685 710 +6.3 +4.53,435 3,645 3,900 4,250 4,545 4,875 5,29 5,540 5,970 6,425 910 +7.3 +7.2
540 610 695 770 8 995 1,090 1, 20 1,325 1,510 15 +11.1 +9.7
205 240 285 260 305 340 460 560 645 845 985 +16.6 +23.5

2,035 2,120 2,345 2,695 2,950 3,315 3,535 3,760 4,080 4,395 4,545 +8.3 +6.6

15,015 16,615 18,290 20,185 22,240 24,885 27,635 29,375 31,550 34,470 34,215 +8.5 +6.5

28,835 31,100 33,545 36,020 39,140 42,750 46,330 48,840 52,470 56,610 55,990 +6.8 +5.5



MAIN PRODUCT DEMAND (INCLUDING BUNKERS)

United States:
Gasolines --------------------------------------- 4,910
Middle distillates ------------------------------ , Z620
Fuel oil ----------------------------------- 1,405

Total ----------------------------------------- 8,935

Western Europe:
Gasolines -------------------------------- 1,320
Middle distillates ......................... 2,040
Fuel oil ---------------------------------------- 2,545

Total ----------------------------------------- 5,905

EXPORTS
United States --------------------------------------- 200
Caribbean ..................................... 3,160
Other Western Hemisphere ---------------------- 360
Middle East ........................................ 6,930
North Africa ---------------------------------------- 1,440
Southeast Asia -----------------------.-------------- 370
U.S.S.R., Eastern Europe. and China ................... 800
Other Eastern Hemisphere ---------------------------- 360

World ---------------------------------------- 13,620

IMPORTS
United States ------------------------------- . 260
Western Europe --------------------------- 6,900
Japan ................................ 1,470
Rest of world --------------------------------------- 2990

World --------------------------------------- 13, 620

2, 725 2,9855 3, 035 3, 280 3, 435 3, 520 3,60 +3510 ,8 ,50 ,15 ,125 ,30 6,50 3 ,94 0 4 ,13 ,95 +_4.05110 5,365 5,560 5,915 6,125 6,330 6,590 6%960 7,260 7,095 +&.7 43.01,505 1,615 1,675 3,710 1,860 3 52,0 2160 2, 4,0135 3,7895 2,502.61, 505 1, 615 1, 675 1, 710 1, 860 2, 090 2. 190 2,42 2, 700 2,53 55 .0 '. 4

9,340 9,835 10,270 10,905 11,420 11,940 12,430 13,320 14,095 13,520 +4.3 +3.5

1, 500 1,720 1,930 2,070 2,260 2, 410 2,640 2,895 3,090 2,875 +&.1 +5.0
2,335 2,585 2,815 3,195 3,650 4,170 4,425 4,755 5,130 4,610 +8. 5 +4.8
2,885 3,070 3,250 3,505 3,890 4,340 4,440 4,680 4,955 4,675 +6. 2 +3.7

6,720 7,375 7,995 8,770 9,800 10,920 11,505 12,330 13,175 12,160 +7.4 +4.4

190 200 310 200 230 260 220 225 230 220 +.9.......
3,210 3,100 3,200 3,250 3,440 ,300 3,630 535 685 3,245 +.2 -1.4

330 390 610 620 660 780 860 1,215 1.540 1,290 +14.4 +16.0
7, 690 8,570 9,140 10,440 11,520 12930 15,250 16,945 19990 20,050 +11.2 +1.7
1,720 2,240 2,460 3,620 4,230 4,690 880 3,480 3,400 ,625 +5.8 -9.2

340 350 410 440 830 0 930 1,125 1,370 1400 +14.0 +10.3
900 1,030 1,090 1,100 1,130 1,160 1,270 1,300 1,370 1,400 +5.7 +4.7
610 670 690 730 1,130 1,630 2,100 2, 380 2600 3,100 +25.2 +19.9 C

14,990 16,550 17,910 20,400 23,170 25,600 28,140 30,205 34,185 33,330 +9.2 +7.4

2,470 2.,570 2,540 2,810 3,170 3,420 3,930 4,.740 6,255 6,125 +10.4 +14.1
7,600 8, 580 9,250 10,480 11,430 12,940 13,520 14,065 15, 405 14,840 +7.8 +5.5
1,720 2,000 2,400 3,060 3,590 4,280 4,720 4,815 5,480 5,430 +13.6 +&81
3,200 3,400 3,720 4, 050 4,980 4,960 5,970 6,585 7,045 6,935 +8.6 +6.1

14,990 16,550 17,910 20,400 23,170 25,600 28,140 30,205 94,185 33,330 +9.2 +7.4

I Based on weight.
S U.S. processing gain has been deducted from local domestic product demand., Includes Albania, North Korea, and North Vietnam.

Source: The British Petroleum Co., "BP Statistical Review of the World OU Industry, 1974," Lon-
don, 1975, p. 21.
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APPENDIX VI

WORLD OIL CONSUMPTION, 1974 AND 1973

3 U_ U) ij

0

(_)

I-
bz

Percentage

Change

Million tons Annual Thousand barrels daily
1974 share 1974 over avera

Country/area 1974 1973 of total 1973 1969-4 1974 1973

IInited a4.1- 72. AA a n 9.fl -A. n -i 1. 't')Iin I 1C•tin
Canada..........................................
Mexico ....................................................--.........
Caribbean ------------------------------------------------------------
South America .......................................................

Total, Western Hemisphere .......................................

Belgium and Luxembourg ..............................................
Netherlands ..........................................................
France ...............................................................
West Germany ........................................................
Italy ............. ....... .. ...................United Kaigdom ..............................................
Scandinavia .........................................................
Spain ................................................................
Other Western Europe ---------------------------------------------------

Total, W estern Europe a ------------------------------------------

88.1
31.1
70.4
77.4

83.7
29.6
66.7
73.6

3.21.1
2.6
2.8

+5.3
5.5
5.1

+5.0
+7.6
+7.9

+6.2

I1,85w
645

1,455
1,605

1,75K
610

1.380
1,525

22,1401,052.4 1,071.6 38.3 -1.8 +4.0 21,775

27.5
354

120.1
134.4
100.7
105.8
51.1
38.2
86.0

31.5
41.3

127.3
149.7
103.6
113.4

55.9
36.3
90.0

1.0
1.3
4.4
4.9
3.7
3.9
1.9
1.4
3.1

-12.7
-14.3
-5.7

-10.2
-2.7
-6.7
-8.6
+5.3
-4.5

+1.8
+1.5
+7.7
+2.8
+5.4
+2.0
+. !

+13.0
+7.1

555
720

2,435
2,785
2,010
2,150
1,020

765
1,730

635835
2,585
3,070
2,070
2. 300
1,120

735
1,810

699.2 749.0 25.6 -6.6 +4.4 14,170 15,160



Middle East ast------------------------------------------ ..............
Africa ................................................................
South As ...........................................................
Southeast A tta ..... ----....................................... .........
J aapa .............................................................
Ausrlas t-----------a-------- i a-----------
U.&&R ............................... w...............................
Eastern Europe ........................................................
Chinaos ..............................................................

Total, Eastern Hemisphere ........................................

World (excluding U.S.S.R., Eastern Europe and China) ...............

World .........................................................

69.7
47.0
31.5
79.2

261.1
33.9

341.8
78.3
48.8

64.6
47.5
33.2
74.7

268.3
32.8

317.7
741841.7

2.5
1.7
1.1
2.9
9.5
1.2

12.5
2.9
LS

+7.9
-1.0
-5.0
+4.1
-2.7

+4.7'
+17.0

+8.1
+3.8+3,1

+4.5
+7.2
+9.7

+23 5

1,355
965
640

1.5Sit
5,310

710
6,910
1,585

985

1,255
975
6751, 490

5,450
685

6,425
1,510

845

1,690.5 1,704.3 617 -. 9 +8. 34,215 34,470

2,274.0 2,341.7 82.3 -2.9 +4.9 46,510 47,830

2,742.9 Z 775.9 -1.2 +5.5 55, 990 56610

U.S. processing gain has been deducted from total domestic product demand.
s Includes Albania, North Kofea, and North Vietnam.

Source: The British Petroleum Co., "BP Statistical Review of the World Oil Industry, 1974." Lon-
do% 19756 p. 1.

Note: Differences between production and consumption are accounted for by stock chapps and
unknown military liftings.
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APPENDIX VII

CRUDE PRODUCTION IN UNITED STATES. WESTERN HEMISPHERE, AND WORLD

[In thousands of barrelsi

U U j 
0

(j

Western Western
U.S. U.S. Hemisphere Hemisphere World World

annual daily annual daily annual daily
Year total t average total average total average

, 1911 ------------ : ------------------------------------------------------------------- 355,
v 1919 -------------------------------------------------------------------------------. 83671920 .............................................................................. ... 429291921 ------------------------------------------------------------- 429. 193

1922 1------------------------------------------------------------ 572 531
1923 ................................................................................. 7 407
1924 ------------------------------------------------------------------------------- 713.940
1925 ................................................................................. 3,743
1926 ----------------------------------------------------------------------- 770,874
1927 ------------------------------------------------------------------------------ 90 1,11928 ............ "...................................................................... 0 4741929 8------------------------------------------------------------------------------- 90 1, 4

1930 ------------------------------------------------------------------------------- 39. 011
1931 ---------------------------------------------------------- 851,081
1932 ------------------------------------------------------ I -----.------ --------- 785 159
1933 ................................................................................. 905 656
1934 -------------------------------------------------------------------- 9d.Oi
1935 ................................................................................. 996-596
1936 9---------------------------------------------------------------- ; ---------------- 1,099.17
1937 --------------------------------------------------------------------------------- ,t 27.10
1938 9-------------------------------------------------------------------------------- , 214, 3M
1939 ................................................................................. 1,264,962
1940 .............................................-.................................... 1,353, 214
1941 ------------------------------------------------------------------------------ 1402,228
1942 ------------------------------------------------------------------------------- 1:386,645

975 426, 416
1.037 471,96N
1,210 607 262
1,294 675 418
1, 527 753,197
2007 899,025
1,951 880,44102 920,3
2,112 928,812
2,469 1,06 549

2,8 1,4739
2760 1,243,89
,460 1,128,57

2332 1,053842
2,145 98768
2, 481 1,109,944
2,488 1.144,154
2,730 1,249,114
3.005 1, 364,162
3,105 1, 587, 471
3,327 ,522, 785
3.466 1,610, 055
3,697 1,674,747
3,842 , 7633,800
3,799 1,652,161

1,168
1,293
1,659
1.850
2.064
2, 463
2,406
2, 522
2,545
2,928
3, 027
3,408
3,092
2,887
2, 596
3, 041

135
3,422
3,727
4,349
4,172
4,411
4,576
4,832
4,526

5O3,515
555' 875
68k 884
766,002
858,898

1, 05,736
1,014,318
1• 8,933
1, 096, 823
1, 262 582
1,324,774
1,485,87
1,410,037
1,372 532
1,309,677
,442,146

1,522 288
1,654,495
1,791 540
2,039 231
1,988,041
2,08,160
2,149 821
2, 220657
2,093 100

1379
1,523
1,882
2,099
2,3532,783
2,771
2,929
3,005
3,459
3,620
4,071
3,863
3,760
3,578
3,951
4,171
4,33
4,895
5,587
5,447
5,715
5,874
6,084
5,734



1943 ................................................................................. 1 505,613 4,125 1,808,279 4,954 2,25,637 6,183
1944 --------------------------- ,-------------------------67.,-904 4,584 2,069,760 5,656 2,592,8 7 083
1945 ................................... 1. 713,655 4,695 2,17284 5,951 2,594,697 o10g
1946 --------------------------------------------------------- 1,733,939 4,750 2,-257 692 6,185 2,745,430 7,6221947-------------------------------------------------------------------- 1,5,8 5,088 2,3,4 6,62 .,02 982201947 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ........................................%... , , 987 .088 2, 43 .49 6, 682 . 022,1398 280
1948 ................................................................................. 2 185 5,520 2,6666 031 7,284 3, 433,225 9,380
1949 --------------------------------------------------------- 1..841,940 5,046 2,497, 6,843 3,404.142 .32w
1950- - --............... •. ........................ 1........... . 973,574 5,407 2,719,273 7,450 3,802,995 10419
1951 -------------------------------------------------- ;-------------------- 2.247,71 6,158 3,099480 3,492 4,282,7303
1952----------------------------------------------------------------------- 2,289,836 6,256 3,19,595 8,7 4,504,0
1953 ................................................................................. .21,9-,4 3,23% 1 773195----------------------------------------2357,082 6458 3,6677 890 4,798,05 13,145
1954 ---------------------------------------------------------------------- 2,314,988 6,342 3,304,47 9.06 5, 016,84 13745
1955 ................................................................................. 2,484,428 807 3,614, 9,902 5,62883 15413
196 .. .. .. .. .. . .. .. ..----------------------------------------------------------- 2.617,283 7,151 3,917, 189 10,703 6,12676 16734
157 --------------------------------------------------------------------------- , z616,901 71 ,170 4,056,058 11,112 6 4,4 17,640
1958 ................................................................................. .448,987 710 3,829,032 10490 66 75 1103
1959 ----------------------------------------------------------------------------- 2,674,590 7,054 4,060290 11,124 7,13238 19 543
1960 ................................................................................. 2,574, 937 035 4,130,061 ,284 7,7460 20968
1961 ---------------------------- ---------------------------------------------- 2 ,621,758 7, 183 4,268,037 11693 8,186213 22428
1962 ------------------------------------------------------------------------------ 2,676,18 7,332 4,470 817 12,249 8,881858 24 334
1963 ---------------------------------------------------------------------------- 2 762,723 7.542 4,593,471 12, 585 9,53&346 26 132
1964 --------------------------------------------------------------------- 2,786,822 7,614 4,706,615 12, 8M60 10,309,644 168
1965 ----------------------------------------------------------------------------- 2 848,514 7,804 4,827,447 13,226 11,06515 30
1966 ---------------------------------------------------------------------- 3,027,763 81295 ,1,4 13,74 12,021,8 930,6
1967 .......................................................... 3,215,742 809 5,350 760 14,60 12,914,302
1968 --------------------------------------------------------- 3, 329,042 096 5,600,02 1,300 14,1 318 38 651
1969 ................................................................................. 3371,751 9238 5,647.813 15,473 5,222,511 41706
1970 ---------------------------------------------------------------------------- 517, 450 9,637 5, 894, 15 16, 150 16,718, 708 45805
1971 ---------------------------------------------------------------------------- 453, 914 9,463 5,812,551 15,925 17,662,793 48 391197----------------------------------------,45,689,41 5, 804,8 15,8558 186 00, 501 50,8211972 ................................................................................. L, 4,368 9.441 510018 1,5 860515 2
1973 -------------------------------------------------------------------------- 3353,370 9187 5, 896 433 16,155 20,322,140 5,677

1 Includes field condensate.

Source: DeGolyer and MacNaughton, "Twentieth Century Petroleum Statistics, 1974", Dallas, TeL, September 1974, p. 13. Authority: U.S. Bureau of Mines.
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APPENDIX VIII

WORLD CRUDE PRODUCTION

lin thousands of barrels]

Middle East

YearBahrain Neutral Saudi Tfucial Tobi

Year Island Iran Iraq Israel Kuwait zone Oman Qatar Arabia Syria States I Turkey Middle East

1918 --------------------------- 8,623.. . . . . . . . . .. . . . . . . . .. . . . . . ..--------------------------------------------------------------------------------------- 8623
1919--------------------------- 10,139-------------------------------------------------------------------- 1,
1920 ................................. 12,2309 . . . .. . . .. .. .. . . .. . . ..------------------------------------------------------ 1 0,23
1921 --------------------------------- 16,673 ------------------------------------------------------------------------------------------------------------------------- 18 ,6731921 ................................. 22,673 ................................................................. _....................................................... 22,24731922-------------------------...... 22, 247--------------------------------------------22, 247

1923------------------------- -- 25,230 ------------------------------------------------------------------------------------------------------- 2.23
1924------------------------------32373 ------------------------------------------------------------------------------------------------------- 32,373
1925 ................................. 038 ................................................................................................................... 35,038
1926 ---------------------------- 3,842..... .... .... ............-... ...--------------------------------------------------------------------------------------- 35,842
1927 ----------------------------- 39,688 8 ............................................................................................................ 30,07-6
1928 ------------------------- 43,461 713 ------------------------------------------------------------------------------ 174
1929------------------------ 32...... 145 798---------------------------------------------------------------------------------------------- 42,943
1930 ...................... ..... 4 833 913 ------------------------------------------------------------------------------ 46,746
1931--------------------------- 44,376 83---------------------------------------------------------------------------------------------- 45,2061932---------------------1 49, 471 836----------------------------------------50, 3081933 ..................... 31 549,4 892 9 .............................................................. ".............................................. 55, 3N
1933--------------------- 31 54,392 917----------------------------------------------------- --------- ------- ------- 55,340
1934 --------------------- 25 57,851 7,689 ............................................................... .6-5,
1935 --------------------- 1,255 57,283 27,40, ----8------------------------ ----------------------------------------- 85, 946
1936 --------------------- 4,645 62,718 30,406 ------------------------------------------------------------ 20 ------------------------------------ 97,789
1937 ..................... 7,7762 77,804 31,836 5----7---------------------------------- 65-------------------------- 117,467
1938 ..................... 8,298 78,372 32,643 ------------------------------------------------------- 495 ------------------------------------ 119,808
1939 ..................... 7,589 78,151 30,791 ............................................................ 3,934 ........... ................... 0...... 20,465

K)



1940 .......
1941 -----.-
1942 4 2...................
1943 4----- . .........
1944 ------------ .........
1945 4 5.......... .........
194 4 ---------------------
1947 .....................
1948 4 -------- ----------
1949 ----------- .........
1950 ------- 0-----........
1951 5 1......... ..........
1952 5 2...................
1953 5 3...................
1954 ............ .........
1955 5 5...................
1956 5 6-------------------
1957 .....................
1958 ---------------------

1959 ----------- .........
1960 6 0...................
1961 ...... 1.... ..........
1962 ...... 2..............
1963 5 3.......... .........
06 ------------
1965 .....................
1966 .....................
1967 6....................
1968 ...... 8..............
1969 5 9...................
1900 ----- .........
1971 .....................
1972---------............
1973 .....................

7,704 %6317
6794 5%777
6,241 72 256
6,572 74,612
5,714 102, 045
7,309 130,526
8,010 146,819
9,411 154,998

10,915 190,384
10,985 204,712
11,016 242,475
10,994 12 512
11,004 7,800
10,978 9,400
10,992 21,5w0
10,982 120,562
11,015 197,148
11,691 263,134
14, 823 301,361
16,473 344,80
16,500 385.748
I6 444 431,655
16,446 481,939
15,503 538,121
8,00 618,731

20%788 648,215
22,522 771,234
25, 370 947,706
27, 598 1,039, 367
27, 774 1,231,826
27,973 3, 397,460
27, 346 1,661,901
25:,5 1,838,625
24,4 2,3,6

24,225 ............................................................ 5,075 .................................... 102,691
12,550 ........................................................... 4,310 .................................... 74,531
19o726; ............................................................. 1o2, 753
24, 04 ................................................... 4,68 -------------------------------- 110, 90o
30,045 ............................................................ 7,794 " 147,496
35,112 ............-............................................. 21,311- -.. ----------------------- 194,258
35,665 ............ 5,931 ..............................-..... 59,944 ............................... 256,369
35,834 ............ 16,225 .................................... 8 9,852 .................... 30. 320
26%115. ........... 46, 500 ............................... 142,853 -------------- - 1.........3 416,780
A0957 ............ 90,000 ........................ 750 174,008.........................95 511,507
49,726 ......... . 125,722 ....................-... 12,268 199,547 ........................ 108 640,862
65,122 ............ 204,910 ........................ 18,009 277,963 ........................ 133 700,643
141,100.............273,433............... .. 25,25 301,861......................... 146 760,599
210.26 ............. 3 14,592 ......-- ................ 31,025 308,29 ------------------------ 179 884,736
228,432............347,319 5,995............ 36,450 347,845 ...................... 399 998,932
251,206 ............. 398,493 8 ............. 41983 352,240 1,2 1`185,509
232,307 146 399,874 11,684 ............ 45,300 360,923 ....................... 2,213 1, 2W, 610
163, 498 416,045 23,259.............50,79 362,121.......................2,159 1,293,099
266,125 4 69,654 29,469 -------- .63, 12 370,486 ........................ 2,379 1,558 351
311,193 925 50K855 42,438 ............ 61,431 399,821 ........................ 2,700 L68 636
M38 932 594,278 49,329.............63,088 456.453....................... 2,624 1,923,285

365,594 1,133 600, 226 65,153 ............. 64,386 508,269 ........................ 3,075 2,055,933
366, .126 669,284 89,224 ............ 67,911 555056 . -........... 5,976 4,157 2,227,951
423, 40 09 705,471 114, 535 ............ 70,123 594592 ............. 17,571 5,201 2,486,348
461,961 1,435 774,815 131, 425............ .77,8 6 095............67,45 6, 7 2,786,199
482,461 1,469 791,903 12181.............8B4,215 739078.............102,804 10,827 3,053,941
505,428 ,359 830,537 153,432 ............ 105,945 3,349 ............ 131,279 13,277 3,408,361
448,239 ,67 836 719 15,461 23,030 118,428 948,110.............140,117 19,526 3,667,393
548,705 1 885,125 156,721 87,854 124,266 1,035,773 9,955 181, 756 22,235 4,135,044
555,241 18,042 940,041 163,149 119,710 129, 746 L,092,322 16, 77M 222, 598 25,774 4,542,994
568,547 31,798 9,110 183,859 121, 210 132, 456 1,295,335 29,356 283, 500 24,776 5,094,380

44,618 1,067,795 199,068 107,430 156,882 1,641,615 36,462 385,655 25, 5,979, 115
529, 419 43,920 1,097,719 207, 254 103, 131 176.545 2,098, .422 45,209 440, 132 24,416 6,630,500
716, 751 32,193 1,004, 781 191,175 105,926 208,014 2,677,146 38, 170 554, 332 24,273 7,717,978

Includes Abu Dhabi and Dubai.

e)

Source: DeGolyer and Mac~auEidon, "Twentieth Century Petroleum Statistics," 1974, p. I,
Authority: U.S. Bureau of Minesi.
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APPENDIX IX

PERCENTAGE OF WORLD CRUDE OIL PRODUCTION BY COUNTRIES

ConUnent and country 1938 1950 1955 1960 1955 1970 1971 1972 1973

North America ------------------------------------------ 63.38 54.56 48&06 37.24 29.47 24.86 23.35 22.59 20.63

Canada --------------------------------------- - --- -. 35 .76 2.30 2.46 2.64 2.76 2.79 3.01 3.19
Cuba .......................................... ................................. 01 0 0 0 0 0 0
Mexico --------------------------------------------- L94 1.90 1.59 1.29 1.07 1.06 1.01 1.00 .94
United States ....................................... 61.08 51.90 44.16 33.49 25. 76 21.04 19.55 18.58 16. 50

South America .......................................... 13.22 16.94 16.18 16.47 14.15 10.40 9.56 8.61 8&38

Argntina ................................. 86 .61 .54 .83 .89 .86 .87 .85 .76
Boivia -................................... -"'-'-"- .01 .02 .05 .04 .03 .05 .07 .09 .08
Brazil ............................................................. 01 .03 .39 31 .36 .36 .33 .31
Colombia ------------------------------------------- 1.09 .90 .71 .73 .66 .48 .44 .38 .33
Ecuador ........................................... . .11 .07 .06 .04 .03 .01 .01 .15 .37
Peru ............................................... . 80 .39 .31 .25 .21 .16 .13 .13 .13
Trinidad ............................................ .89 .54 .44 .55 .44 .30 .27 .28 .30
Venezuela .................................. 9.46 14.38 14.00 13.55 11.46 8 10 7.33 6.34 6.04
Other South America- - -.. .... .. ...-----------------. 02 .04 .09 .12 .08 .08 .06 .06

Europe ------------------------------------------------ 13.24 8. 72 11.91 16.75 18.54 16.87 17.23 17.06 16.62

Austria ............................................. .02 .27 .44 .22 .18 .12 .10 .09 ,09
France ............................................. .02 .02 .11 .18 .20 .10 .08 .06 .04
Germany, West ...................................... .19 .22 .40 .52 .51 .32 .30 .28 .24
Italy ............................................... .01 .............. .03 .18 .14 .06 .05 .04 .03
Net arlands ...................................................... 13 .13 .71 .15 .08 .07 .06 .05
Rumania ........................................... 2.44 .84 1.40 1.II .85 .61 .58 .57 .52
U.S.S.R ............................................ 10. 31 7.00 9.06 14.04 16.15 15.25 15.73 15.57 15.23
United Kingdom .................................................... 01 .01 .01 0 0 .01 .01 .02
Yugoslavis -------------------------------------------------------- .02 .03 .09 14 .13 .12 .13 .12
Oter Europe ....................................... .25 .21 .30 .23 :22 .20 .19 .25 .28



Africa --------------------------------------------- -.- 08 .44 .25 1.37 7.34 13.25 11.66 1121 10.58

Algria -----------------------------------------------------------. .01 .02 .89 1.87 2.25 1.58 2.07 1.92
Angola--------------------------------------------------------------------------------- .01 .04 .24 .19 .211 .29
Fapt------------------------------------------------- .08 .43 .23 .31 .41 .71 .61 .45 .30

a ~n---------------------------------------------------------------------------------- .07 .08 .24 .24 .25 .27
Libya ------------------------------------------------------------------------------------------------------ 4.03 7.23 5.70 4.41 3.91
N' .09 .90 2.37 3.16 358 3&68
OtherAfrica.........................................................-----------------......01 .21 .18 .17 .21

Asia. Middle East ---------------------------------------- 10.08 19.34 23.60 28.17 30. 48 34.23 37.56 39.38 43.08

Sahrain --------------------------------------------.. 42 .29 .19 .22 .19 .17 .15 .14 .13
Brunei and Malaysia --------------------------------- .35 .82 .71 .44 .27 .34 .41 .54 .55
China ------------------------------------------------------------. .02 .06 .52 .66 .87 .95 1.16 1.80
India ----------------------------------------------.. 13 .08 .0U .098 .24 .31 .29 .31 .27
Indonesia ----------------------------------------- 2.88 1.27 1.55 1,99 1.61 L86 1.84 2.13 2.40
Iran ----------------------------------------------- 3.94 6.38 2.14 5,02 6.22 8.36 9.41 9.88 10.13
Iraq ----------------------------------------------- 1.64 1.31 4.47 4.60 4.36 3.40 3.53 2.58 3.53
Kuwait ----------------------------------------------------------- 3.31 7.08 7.73 7.16 5.97 6.04 5.90 4.94
Neutral Zone --------------------------------------------------------------------.. 16 .65 1.20 L 10 1.13 1.11 .94
Oman -------------------------------------------------------------------------------------------------------------------- .72 .61 .55 .53
Qatar ------------------------------------------------------------. .32 .75 .82 .76 .79 .89 .95 1.02
Saudi Arabia ---------------------------------------- .02 5.25 6.26 5.94 6.68 7.75 9.29 11.28 13.17
$yris----------------------------------------------------------------------------------------------------------- .18 .21 .24 .19
Tracial States (Abu Dhabi and Dubai)--------------------------------------------------------------------- .93 L70 L.19 L37 2.73

Other Asia and Middle East ---------------------------. .70 .29 .15 .16 .20 .71 .62 .47 .35

Australia-New Zealand ------------------------------------------------------------------------------------------- .02 ,39 .64 .65 .71

Total,. world production --------------------------- 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Source: DeGolyer and MacNauihton, "Twentieth Century Petroleum Statistics, 1974," p. 3. Authority: U.S. Bureau of Mines.
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APPENDIX X

OIL PRODUCTION, PROVED RESERVES, AND POTENTIAL RESOURCES-WORLDWIDE OIL AND GAS STATISTICS, BY COUNTRY

[Potential resources: See "Explanatory Notes" in text Asterisk (*), estimated; --. , landlocked; Negi, negligible; NA information not avahiable; >,greater than; <, less than.
The onshore and offshore production and reserves may not add up to the totals where the onsihoreloffshore breakdown was not avallablel

1972 production Cumulative production

Millions of 42-gal bbls Millions of metric tons Millions of 42-gal bbls Millions of metric tons

Continent and country- Onshore Offshore Total Onshore Offshore Total Onshore Offshore Total Onshore Offshore Total

North America:
Bahamas -------------------------
Barbados -------------------------
Betlize ----------------------------
Canada ..........................
Costa Rica ........................
Cuba ............................
Dominican Republic ---------------
El Salvador -----------------------
Guatemala ........................
Haiti .............................
Honduras -------------------------
Jam aica --------------------------
Mexico ---------------------------
Nicaragua ........................
Panama ............. ------------
United States .........

o 0 0 0
Neit 0 Neal Neil

*0 0 0 0
560.7 0 560.7 75.8

0 0 0 0
1.2 0 1.2 .2
0 0 0 0
o 0 0 a
0 0 0 0
o 0 0 0
0 0 0 0
0 0 0 0

159.2 25.8 185.0 22.4
0 0 0 0
O 0 0 0

2, 982. 7 472. 3 3,455.0 403.1

O 0 0 0 0 0 0 0
0 Neg Neat I Neal Neil 0 Neal
O a a a a 0 0 0
0 75.8 5,761.0 0 5,761.0 776.0 0 776
0 a a o 0 0 a o
0 .2 13.2 0 13.2 6.6 0 6.6
0 0 a a a a a a
0 0 a 0 0 0 a 0
0 0 0 0 0 0 a 0
0 o 0 0 a o 0 o
0 0 0 0 0 0 0 0
0 0 a a Neil Negi 1 0
3.6 26 4,856.0 103.8 4, 960. 683.4 14.9 698.0
0 0 O 0 0 0 a O
a o 0 0 0 0 0 0

53.8 466.9 * 104,210.0 5,046.0 ' 109,256.0 '14,049.0 * 681 '14,730.0

Total -------------------------- 3,703.8 498.1 4,201.9 501.5 67.4 568.9 114,840.2 5,149.8 119,990.2 15,515.0 696.9 16,210.6



0

South America'
Argentia ---------------------- 158.4 0 158. 4
Bolivia --------... . ............ 16.0 ------------- 16.0
Brazil ............-............... 57.6 3.5 61.1
Chile ---------------------------- 12.5 0 12.5
Columbia ------------------------- 71.7 0 71.7
Ecuador -------------------------- 28.6 0 28.6
Guyana --------------------------- 0 0 0
Paraguay ------------------------- 0 ------------ 0
Peru ------------------------------. 13.5 10.1 23.6
Trinidad and Tobago-. ............. 41.5 9.7 51.2
Uruguay -------------------------- 0 0 0
Venezuela --------------------- 1,178.0 0 1, 178. 0

Total -------------------------- 1,574.2 23.3 2,024.2

22.7 0 22.7 2,055.7 0 2,055.7 313.7 0 313.7
1.9 ------------- 1.9 144.0 ------------ 144.0 18.0 ------------- 18.0
7.9 .5 8.4 660.6 5.5 666.1 90.3 .8 91.1
1.6 0 1.6 184.5 0 184.5 23.6 0 23.6

10.2 0 10.2 1,722.0 0 1,722.0 244.0 0 244.0
3.8 0 3.8 134.6 0 134.6 17.6 0 17.6
0 0 0 0 0 0 0 0 0
0 -------- 0 0 ------------ 0 0 ........ 0
1.8 1.3 3.1 808.5 59.1 867.6 107.8 7.3 115.1
6 1.3 7.3 1,054.5 290.7 1,345.2 151.0 41.3 192.3
0 0 0 0 0 0 0 0 0

168.3 0 168.3 28,803.0 0 28,808.0 4,112.0 0 4,112.0

224.2 3.1 227.3 35,572.4 355.3 35,927.7 5,078.0 49.4 5,127.4

Africa:
Algeria ..........................
A ngola .......................
Botswana ........................
Burundi ..........................
Cameroon ........................
Central African Republic ...........
Chad ............................
Congo ............................
Dahomey .........................
Egypt ...............
Equatorial Guinea .....- " -.........
Ethiopia --------------------------Gabon..- - - -- - -- -- -- - -Gamboe........................
Gambia - - - -- - - -- -- - -
Ghana ---------------------------
Guinea ...........................
Ivory Coast ......................
Kenya ---------------------------
Lesotho ..........................
Liberia ...........................
Libyan Arab Republic --------------
Malagasy Republic ................
M alawi ...........................
Mali .............................
Mauritania ........................
Mauritius ........................
Morocco .........................
Mozambique ......................
Niger ...........................
Nigeri ...........................
Portugu03e Guinea ................

nda.........................

on

400.0 0
4.9 46.5
0 ------------
0 _...........
0 0
0 ............
0 ------------
.7 1.8

0 0
HA >58. 4
0 0
0 0

25.8 19.9
0 0
0 0
0 0
0 0
0 0
0 ------------
0 0

819.6 0
0 0
0 ------------
0 ............
0 0
0 0

.2 0
0 0
0 ............

482.6 182.8
0 0
0 ------------

400.0
51.4
0
0
0
0
0
2.5
0

79.0
0a

45.7
0
0
0
0
0
0
0819. 6
0
0
0
00
.2

0
0

665.3
0

52 0
.7 6.4

0
0
0 00
0 ----------..

.11 .2
0 0
NA >8. 4

0 0
0 0
3.6 2.7
0 0
0 0
0 0
0 0
0 0
0 ------------
0 0

107.8 0
0 0
0
0
0 0
0 0

Noi 0
0 0
0 ...........

65.1 24.7
0 0
0 ------------

52.0
7.1
0-
0
0
0
0.3
0

11.4
0
0
6.3
0
0
0
0
0
00

107.8
0
0
0
0
0

0
89.8
0
0

3, 318. 0 0 3,318. 0
56.7 124.5 181.4

0 ............ 0
0 ------------ 0
0 0 0
0 ------------ 0
0 ------------ 0
5.9 1.8 7.7
0 0 0
NA >530.4 1,015.0
I a 0
0 0 0

216.0 67.0 28.3
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 ............ 0
0 0

7,314.6 0 7,314.0
0 0 0
0 ------------ 0
0 0..... .... 0
0 0 0
0 0 0

15.0 0 15.0
0 0 0
0 ------------ 0

1,798.0 563.3 2,362.0
0 0 0
0 ------------ 0

430.0 0
8 17.0
0
0 ------------
0 0
0 ------------
0 ------------

.8 .2
0 0
NA >76.4
0 0
0 0

29.6 9.7
0 0
0 0
0 0
0 0
0 0
0 --------
0 0

961.0 0
0 0
0 ------------
0 ------------
0 0
0 0
2.0 0
0 0
0 .......

243.0 76.0
0 0
0 ------------

43•.0
25.0
0
0
0
0
0
1.0 ,
0

146.4
0
0

39.3
0
0
0
0
0
0

961.0
0
0
0
0
0

.0
0
0
0

9n) C) C') r)
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APPENDIX X-Continued

OIL PRODUCTION, PROVED RESERVES, AND POTENTIAL RESOURCES-WORLDWIDE OIL AND GAS STATISTICS, BY COUNTRY-ConUnued

[Potential resources: See "Explanatory Notes" in text. Asterisk ('), estimated; .-. , landlocked; Negl, negligible; NA. information not available; >t greater than; <,less than. The onshore and offshore
producfton and reserves may not add up to the totals where the onshoreloffshore breakdown was not avalable.)

1972 production Cumulative production
Millions of 42-gal bbls

Onshore Oishore Total

Millions of metric tons Millions of 42-gal bbis

Onshore Ofshers Total Onshore Oftshore *Total

Millions of metric tons
Continent ad co•,nty Onshore Offshore Total

Senegal ------------------------- 0 0 0
Sierra Leone ---------------------- 0 0 0
Somalia -------------------------- 0 0 0
South Africa ---------------------- 0 0 0
Southwest Africa .................. 0 0 0
Sudan --------------------------- 0 0 0
Swaziland ------------------------ 0 ............ 0
Tanzania ------------------------- 0 0 0
Togo ---------------------------- 0 0 0
Tunisia --------------------------- 31.6 0 31.6
Uganda -------------------------- 0 ------------ 0
Upper Volta ....................... 0 ............ 0
Zaire -------------------------- 0 0 0
Zambia --------------------------- 0 0 0

Total --------------------------- 1,765.3 309.4 2,095.3

o 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 a 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0o 0 0 0 0 0 0 0 0
0 ............ 0 0 ............ 0 0 ........ 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
4.1 0 4.1 173.0 0 173.0 22.0 0 22.0
0 ----------- 0 0 ............- 0 a ............
0 ............ 0 0 ............ 0 0 ............ 0
0 0 a 0 0 0 .0 0 0
o 0 0 0 0 0 0 0 0

233.4 42.4 253.7 12, 897.2 1,287.5 14,415.0 1,696.4 179.3 1,945.2

Europe:
Albania --------------------------- 15.0 0 15.0
Austria --------------------------- 17.3 ------------ 17.3
Belgium ------------------------- 0 0 0
Bulgaria ----------------- . -------- 1.8 0 1.8
Czechoslovakia -------------------- 1.4 ------------ 1.4
Denmark --- _-------------------- 0 .6 .6
Finland -------------------------- 0 0 0
France --------------------------- 16.8 0 16.8
German Democratic Republic -------- 1.8 0 1.8
Germany, Federal Republic of ------- 51.3 0 51.3
Greece --------------------------- 0 0 0
Hungary -------------------------- 15.2 ------------ 15.2
Iceland --------------------------- 0 0 0
Ireland --------------------------- 0 0 0
Italy ----------------------------- 7.3 .7 8.0

2.2 0 2.2 95.0 0 97.0 14.2 0 14.2
2.5 ------------ 2.5 502.0 ------------- 502.0 73.0 ------------ 73.0
0 0 0 0 S 0 0 0 0
.2 0 .2 >66,0 0 >66.0 >9.2 0 >9.2
.2 ............ .2 '28.4 ------------- 28.4 04.2 ------------ *4.2

o N N 0 .6 .6 0 K M.40
0 0 0 0 0 0 0 0
2.3 0 2.3 315.0 0 315.0 43.0 0 43.0

.2 0 .2 NA 0 NA NA 0 NA
7.1 0 7.1 994.0 0 994.0 138.0 0 138.0
0 0 0 0 0 0 0 0 0
2-0 ------------ 2.0 213.0 ------------ 283.0 37.0 ------------ 37.0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
L2 eagi 1.2 122.0 63.0 185.0 1&0 9.0 27.0



Lichtenstein ---------------------- 0 -- ---------
Luxembourg ---------------------- 0 ............
Malta --------------------------- 0 0
Nethedands ---------------------- 1 0.9 0
Norway -------------------------- 0 12.1
Poland --------------------------- 2.6 0
Portugal ------------------------- 0 0
Romania ------------------------- 105.0 0
San Marino ----------------------- 0 ............
Spain ---------------------------- 1.0 0
Sweden -------------------------- 0 0
Switzerland -------------------- 0
United Kingdom ------------------ .6
Yugoslavia ----------------------- 23. 0

0 0 ------------- 0 ............ 0 0 ------------ 0
0 o ............ 0 0 ------------ 0 a ----------- 0
0 0 0 0 0 0 a 0 0 0

10.9 16 0 1.6 271.0 0 271.0 39.0 0 39.
12.1 0 1.6 1.6 0 14.0 14.0 0 L9 1.9
2.6 .3 0 .. 3 324.6 0 324.6 43.0 0 43.0
0 0 0 0 0 0 0 0 0

105.0 14.2 a 14.2 3,037.0 0 3,037.0 407.0 0 407.0
0 0 ------------ 0 0 ............- 0 0 0
1.0 .1 0 .1 7.0 0 7.0 1.0 0 1.0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 ------------ 0 0 - 0

.6 Hee. 0 NeoI 19.0 0 19.0 3.0 0 3.0
23.7 3.2 0 3.2 228.7 0 228.7 3L2 0 31.2

Total --------------------------- 271.7

Europe and Asia: Union of Soviet Socialist
Republics --------------------------- 2 895.9

13.4 285.1 37.3 1.6 38.9 6,293.7 77.6 6,372.3 860.8 10.9 871.7

0 2.895.9 394.0 0 394.0 37.138.0 0 37,183.0 059.0 0 5,059.0

Asia:
Af1hanistan ------------------------ e
Bahrain -------------------------- 25.5 0 25.5
nan s.ade.b.----------------------- 0 0 0

Bhuten --------------------------- 0 ............ 0
Brunel --------------------------- 21;8 45.2 67.0
Burma -------------------------- 7.5 0 7.5
ChinS:

People's Republic of C?'Ina ----- 192.0 Meag 192.0
Republic of Cbina (Taiwan) -... . 9 0 .9

Cynrus --------------------------- 0 0 0
1ndia ---------------------------- 57.0 0 57.0
Indonesia ------------------------ 374.0 21.0 395.0
Iran ----------------------------- 1' 58. 0 258.0 1,838.0
Iraq ---------------------------- 529.0 0 529.0
Israel ---------------------------- 43.9 0 43.9
Japan ---------------------------- 4.8 .4 5.2
Jordan --------------------------- 0 ............ 0
Khmer Republic. ------------------ 0 0
Korea, Democratic People's Republic

of ----------------------------- 0 0 0
Korea, Republic of -----------------. 0 0 0
Kuwait --------------------------- 1, 126. 3 75.0 1,201.3
Laos ----------------------------- 0 0
Lebanon -------------------------- 0 0 0
Malaysia ------------------------- 0 33.6 33.6
Maldlves ------------------------- 0 0 0
Mongolia ------------------------- 0 -------------- 0
Nepal ---------------------------- 0 ------------. 0

No I No 4egI -- e----- Neat ---------- NI
R ----6-- '1 520 0 532.0 >3.0 0 730$)

0 ------------- 0 0 0 0 0 0
0 ------------ 0 0 ------------- 0 0 00 - --.
3.0 6.2 9.2 >809.2 190.8 >1, 000.0 >110.8 26.1 >136.9 C#
1.0 0 1.0 42L5 0 421.5 56.0 0 56.0

26,.0 Net 2&0 <1,163 Neal 1,163 <159.0 Neg1 159.0
. 0 .1 4.5 0 4.5 .6 0 .6

0 0 0 0 0 0 0 0 0
7.7 0 7.7 433.0 0 433.0 59.0 0 59.0

51.0 3.2 54.1 5,043.0 24.0 5,067.0 68F.0 3.2 690.1
214.4 35.0 249.4 NA NA 15, 809.0 NA NA 2,145.0
71.2 0 71.2 8,.658.0 0 8, 658.0 T. 164. 0 0 1,164.0
6.0 0 6.0 1710.0 0 170.0 24.0 0 24.0
.6 .1 .7 158.0 9.4 16W.0 22-0 1.0 23.0

0 ............ 0 0 ------------ 0 0 ............ 0
0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

155.5 11.0 106.5 <14,902.0 505.0 15,407.0 <2,052.0 >70.0 2,122.0
0 ---O 0 0 0 0 0----- - 0
0 0 0 0 0 0 0 0 0
0 4.4 4.4 4.0 69.2 73.2 .6 8.9 9.5
0 0 0 0 0 0 0 0 0
0 ------------ 0 0 ------------ 0 0 ------------ 0
0 ............ 0 0 0 0 0 0 0
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APPENDIX X-Continued

OIL PRODUCTION, PROVED RESERVES, AND POTENTIAL RESOURCES-WORLDWIDE OIL AND GAS STATISTICS, BY COUNTRY-Continued

[Potential reiources: See IExplanatory Notes" in text. Asterisk (*), estimated; __ landlocked; Negi, eeigible;NA, information not avaliable; >, areater than; < less then.
The onshore and offshore production and reserves may not add up to the totals where he onshoreloffshore breakdown was not availablel

1972 production Cumulative production

Millions of 42-gal bbis Millions of metric tons Millions of 42-gel bbls Millions of metric tons

Continent and country Onshore Offshore Total - Onshore Offshore Total Onshore Offshore Total Onshore Offshore Total

Oman ---------------------------- 102.8 0 1OL.a 14.1 0 14.1 560.0 0 560.0 76.0 0 76.0
Pakistan ------------------------- 3.4 0 3.4 .5 0 .5 76 0 0 76.0 1.0 0 11.0
Philippines ----------------------- 0 0 0 0 0 0 0 0 0 0 0 0 0
Qatar ---------------------------- 88.9 07.9 176.5 11.5 11.4 22.9 782.0 288.0 1,070.0 172.0 57.0 229.0
Saudi Arabia ---------------------- 1,595. 0 757,0 2,352. 0 216.0 103.0 319.0 13, 292.0 3,985.0 17,277.0 1,810 543.0 2,353.0
Singapore ------------------------ 0 0 0 0 0 0 0 0 0 0 0 0
SriLanka ------------------------- 0 0 0 0 0 0 0 0 0 0 0 0
Syrian Arab Republic -------------- 43.5 ------------- 43.5 6.3 ............ 6.3 NA ............ NA NA ............ NA

0ailand ------------------------- He 1 0 Rest Negl f0egx .6 0 .6 .1 .1
Turkey --------------------------- 36. 0 24.2 3.4 0 3.4 198.0 0 198.0 27.0 0 27.0
United Arab Emirates ---- 259.6 173.3 432.9 34.6 23.1 57.7 "1,178. 0 790.0 1, 974. 0 157.0 105.0 262.0
Viet-Nam Democratic Repubic oI... 0 0 0 0 0 0 0 0 0 0 0 0
Viet-Nam, Republic of -------------- 0 0 0 0 0 0 0 0 0 0 0 0
Yemen Arab Republic (San'a) ------- 0 0 0 0 0 0 0 0 0 0 0 0
Yemen People's Republic of (Aden)._ 0 0 0 0 0 0 0 0 0 0 0 0

Total ---------.----------------- 6,080.0 1,451.2 7,531.2 826.4 197.4 1,023.7 48,384.8 5,867.4 70,060.8 6,660.1 814.2 9,620.0
Oceania:

Auvtrailia ------------------------- 29.0 114.0 143.0 3.6 14.8 18.4 108.6 2E7.2 365.8 14.1 33.5 47.6
Fiji ------------.----------------- 0 0 0 0 0 0 0 0 0 0 0
Naura ---------------------------- 0 0 0 0 0 0 0 0 0 O 0 0
New Zealand ---------------------- 1.1 0 1.1 .1 0 .1 5.5 0 5.5 .3 0 .3
Tonga ---------------------------- 0 0 0 0 0 0 0 0 0 0 0 0
Western Samoa -------------------- 0 0 .0 0 0 0 0 0 0 0 0 0

Total --------------------------- 30.1 114.0 144.1 3.7 14.8 18.5 114.1 257.2 371.3 14.4 33.5 47.9

151country total .---------------- 1F,321.0 2,409.4 19,177.7 2,220.5 326.7 2,525.0 266,769.6 12,994.8 284,320.3 34,882.7 1,794.2 38,892.0



Proved recoverable reserves Potential resources
(Ultimate recoverable

Millions of 42-gal bbls Millions of metric tons resources)

Continent and country Onshore Offshore Total Onshore Offshore Total Onshore Offshore Total

North America:
Babamas .........................
Barbados -------------------------
Belize ----------------------------
Canada ...........................
Costa Rica ........................
C u b a .... .. . . .... . . . . . . . . . . . . . . . . .
Dominican Republic ................
El Salvador .......................
Guatemala ........................
Haiti .............................
H ond uras ........... . . . . . . . . . . . . . .
Jam aica --------------------------
Mexico ...........................
Nicaragua ........................
Panam a --------------------------
United States .....

0 0
1.0 0
0 0

10,200.0 NA
0 0
9 0
0 0
0 0
0 0
0 0
0 0
0 0
NA >1,934.0
0 0
0 0

30, 398.0 *7, 661.0

0
1.0
0

10,200.0
0
9
0
0
a
0
0
0

5. 388.0
0
0

38,062.0

0 0
.1 0

0 0
1, 378.0 N A

0 0
1.3 0
0 0
0 0
0 0
0 0
0 0
0 0
NA >272.4
0 0
0 0

04,107.0 01,035.0

0
.1

0
1,378.0

0
1.3
0
0
0
0
0
0758.8

005,143. 0

VI
V
V

III
VI
V
V
0

IV
V
v
V

III
V
V
II

VI
V
V

III
V
V
V
V
V
V
IV
IV
II
IV
IV
II

VI
IV
V

III
V
V
V
V
IV
V
IV
IV
It
IV
IV
II

06

Total --------------------------- 40, 598. 0 9,598.0 53,660.0 5,486.4 1,307.4 7,281.2 ................................................

South America:
Argentina ------------------------
Bolivia ...........................
Brazil ............................
Chile .............................
Columbia .........................
Ecuador ..........................
Guyana ...........................
Paraguay .........................
Peru .............................
Trinidad and Tobago ---------------
Uruguay ..........................
Venezuela ........................

Total ---------------------------

>2,500.0 NA
200.0 ----------------
778.1 19.6
100.6 0

1,590.0 0
5,750.0 0

0 0
0 ...............
NA NA

275.0 1,300.0
0 0

<13, 800. 0 NA

>2,500. 0
200.0
797.7100.6

1, 590.0
5,750. 0

0
0

500.0
1.575.0

0
13,800.0

26,813.3

>357. 7 NA
24.0 ----------------

106.3 2.7
12.9 0

227.0 0
758.0 0

0 0
0 ----------------
NA NA

39.4 1,862.0
0 0

<1, 971. 0 NA

3,496.3 1,864.7

>357.7
24.0

109.0
12.9

227.0
758.0

0
0

66.6
225.6

0
1,971.0

Ill III
III ...............
IV IV
IV IVIll IV
III IV
IV V
IV ................
Ill IV
IV IV
V V

Ill Ill

Ill
Ill
IV
IVIll
III
IV
IV
IllIV
IV
il

24,993.7 1,319.6 3,751.8 ................................................

9 AC') P.
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APPENDIX X-Continued

OIL PRODUCTION, PROVED RESERVES, AND POTENTIAL RESOURCES-WORLDWIDE OIL AND GAS STATISTICS, BY COUNTRY-Continued

|Potential resources: See "Explanatory Notes" in text. Asterisk (*), estimated: ... , landlocked- Neel, neigible; NA, information not available; >, %eater than; < less than. The onshore and offshore
production and reserves may not add to the totals Wre t a onshore/offshore breakdown was not avaiable.)

Proved recoverable reserves Potential resources(Ultimate recoverable
Millions of 42-gal bbls Millions of metric tons resources)

Continent and country Onshore. Offshore Total Onshore Offshore Total Onshore Offshore Total

Africa:
Algeria ........................ ..
Angola ...........................
Botswana -------------------------
Burundi --------------------------
Cameroon..
Central African Republic ............
C had ---- ----- --- --- -- .....
Congo ----------------------------
Dahomey .........................Egypt .. .. . .. . .. . .. . .. .Equatorial Guinea ............

Ethiopia --------------------------
Gabon ----------------------------
Gambia
Ghana ----------------------------
Guinea
Ivory Coast ..........
Kenya ............................
Lesotho ..........................
Liberia ...........................
Libyan Arab Republic ..............
Malagasy Republic ----------------
Malawi ---------------------------
M ali -----------------------------
Mauritania ........................
M auritius -------------------------
Morocco ..........................
Mozambique ......................
Niger...................
Nigeria ...........................
Portuo uese Guinea -----------------
R w a nd a ----- -..-- ---------------
Senegal ..........................

11,8.o 0
NA NA

0 ----------------

0 0
0 ----------------

<4, 270. 0 > 730. 0
0 a
NA NA
0 0
o 0

275. 3 652. 0
0 0
0 0
0 0
0 00 0
0 ----------------0 0

30, 400 NA0 0
0 ----------------

0 0
0 0
1.2 0
0 0
0 ----------------

9, 203.0 3, 400. 00 0
0 ----------------0 0

11,800.0
1,200.0

0
0
0
0
0

5,000.0
0

3, o80.0
0
0

927.3
0
0
0
0
0
.0
0

>30, 400. 0
0
0
0
0
0
1.2
0
0

12,500.0
0
0
0

1,532-5 0
NA NA

0 ----------------

0 0
0
0

<571. 0 >98. 0
o 0
NA NA

0 0
0 0

38.0 90.0
0 0
0 0
0 0
0 0
0 0
0 ----------------
0 0

4,000.0 NA
o 0
0 ----------------
0 ------ ------ -- -
0 0
0 0

.2 0
0 0
C ----------------

1,243.0 459.0
0 0
0 ----------------
0 0

1,532. 5
166.7

0
0
0
0
0

669.0
0

550.7
0
0

128.0
0
0
0
00
0
0

>4,000.0
0
0
0
0
0
.0

0
0

1,702.00
0
0

II 0
IV IV
IV ................
0 -----------
V
V ----- ----------
IV ----------------
IV V
V V
IV III
V V
V V
IV IV
V V
V IV
V V
V IV
IV V
VI ................
0 V
II II
IV IV
0 ----------------

IV .
IV IV
0 0
IV IV
IV IV
IV ----------------
III III
V V
0 ................

IV IV

IIIV
VI
0

IV
V
Viv

IlII
V
V

III
V

vI
V
IV
IVV4

lv
IV
0

IV
IV0
IV
IV
IVIII

0
IV



Sierra Leone ......................
Somalia ---------------------
South Africa ......................
Southwest Africa ..................
Sudan .......... . . . . . . . . . . . . . .. .
Swaziland ------------------------
Tanzania ........................
T o g o . ... . . . . .... . . . . . . . . . . . . . . . . .
Tunisia ---------------------------
Uganda ..........................
Upper Volta .......................
Zaire ........................
Zambia ---------------------- _--

Total ...........................

0
0
NA
0
0
0
0
0
NA
0
00
0

00
NA
0

0
NA

------------ 00

0
0
NA
0
0
0
0
0

1,000.0

00
0
0

0 0o o
NA NA

0 0
0 0
0 ----------------

o o0 0
NA NA

0 ----- -----------

o 0
0 0

00
NA
0
a
0
0
0

130.0
a
0
0

VIV
VI
V
V

VI
IV
V
IV
0
0
V
0

VV
V
V
V

V
V
V

0

VIV
V
V
V

VI
IV
V
IV
0
0
V
0

55,946. 5 4,782.0 66,728.5 7,384.7 547.0 8,•79.1

Europe:
Albania ..........................
Austria ---------------------------
Belgium --------------------------
Bulgaria --------------------------
Czechoslovakia ....................
Denmark -------------------------
Finland --------------------------
France ---------------------------
German Democratic Republic --------
Germany, Federal Republic of .......
Greece ---------------------------
H ungary --------------------------
Iceland ---------------------------
Ireland ---------------------------
Italy .............................
Uchtenstein -----------------------
Luxembourg ----------------------
Malta ----------------------------
Netherlands ----------------------
Norway --------------------------
Poland ..........................
Portugal -------------------------
R o m an ia ...... ..... . . . . . . . . . . . . . . .
San Marino -----------------------
Spain ...........................
S w ed en .. ......... . . . . . . . . . . . . . . .
Switzerland -----------------------
United Kingdom -------------------
Yugoslavia ........................

Total ...........................

9W.0 0
184.5 ................

0 0
278.0 0

12.0 -----------------0 250.0

0 0
94.2 0
11.0 0

545.0 0
0 0

210.0 .
0 0
0 0
NA NA
0 ................
0 ----------------
0 0

269.0 0
0 7,000.0

60.0 0
o 0
NA NA
0 ----------------

300.0 NA
0 0
0 ................
NA 5,000.0

356.0 0

90.0
184.5

278.0
12.0

250.0
0

94.2
11.0

545.0
0

210.0
0
0

320.0
0
0
0

269.0
7,000.0

60.0
0

1,480.0
0

>300.0
0
0

>5, 000. 0
356.0

13.6 0
26.7 ................
0 0

38.0 0
2.0 ................
0 34.0
0 0

13.0 0
1.5 0

76.0 0
0 0

27.6 ................
0 0
0 0
NA NA
0 ----------------
0 ----------------
0 0

39.0 0
P 960.0
&80 0
0 0
NA NA
0 ----------------

41.7 NA
0 0
0 ----------------
NA 694.0

48.0 0

13.626.7
0

38.0
2.0

34.0
0

13.0
1.5

76.0
0

27.6
0
0

32.0
0
0
0

39.0
960.0
8.0

0
41.9
a

>41.7
0
0

>694.0
48.0

IItIV
V
IV
IV
IV
0

IV
IV
IV
V

IV0v
IV
0

IV
IV
0

IV
IV
IV
0
IV
VI
IV
V
IV

IV
IV-

IV
IV.v
V
IV
IV
IV

IV0
v
IV

IVIVIII

IV

VIVlI

VIv

IIIIV
IV
IV
IV
IV
V
IV
IV
IV
IV
IV
0
V

IV
0
0

IV
III
Ull
IV
V

0IV
IV
V
V

III
IV

2,409. 7 12, 250. 0 16. 559.7 335.1 1,688.0 2,097.0 ................................................

0 C) n 'r)



APPENDIX X-Continued

OIL PRODUCTION, PROVED RESERVES, AND POTENTIAL RESOURCES-WORLDWIDE OIL AND GAS STATISTICS, BY COUNTRY-Continued

IPotential resources: See "Explanatory Notes" In text. Asterisk ('), estimated; .- landlocked; Neill, negligible; NA. Information not available; >, greater than; <, less than. The onshore and offshore
production and reserves may not add up to the totals where the onshore/offshore breakdown was not availablel

U

Proved recoverable reserves Potential resources
(Ultimate recoverable

resources)Millions of 42-gal bbl! Millions of metric tons

Continent and country Onshore Offshore Total Onshore Offshore Total Onshore Offshore Total

Europe and Asia* Union of Soviet Social-
tst Republics ........................ 75,000.0 NA 75,000.0 10,273.0 NA 10,279.0 II II II

Asia:
Alghanistan .....................
Bahrain ..........................
Bangladesh.
Bhutan ---------------------------
B runel ...........................
Burm a ----..-----------------....
China:

People's Republic of China .....
Republic of China (Taiwan)-----

Cyprus ---------------------------
India ----------------------------
Indonesia ------------------------
Iran .............................
Iraq -----------------------------
Israel ............................
Japan ............................
Jordan ...........................
Khmer Republic ........-..........
Korea, Democratic People's Republic

01 .............................
Korea, Republic of -----------------

90.0 ---------------- 90.0
514.0 0 514.0

NA NA NA
0 0
NA 2,413.0 >2,413.0

40.0 0 40.0

<20, 000. 0 NA 20, 000. 0
18.7 0 18.7
o 0 0

834.0 0 834.0
10,300.0 400.0 10, 700. 0
60,000.0 5,000. 0 65, 000. 0
33,000.0 0 33,000.0

9.0 0 9.0
8.0 15.0 23.0
0 -- -------0
0 0 0

0 0 0
0 0 0

12.0 ----------------
70.4 0

NA NA
0
NA 330.0
5.4 0

<2, 700. 0 NA
2.5 0
0 0

112.0 0
1,410.0 55.0
8,141.0 678 0
4,40(.0 0

1.2 0
1.0 2.0
0
0 0

0 0
0 0

.12.0
70.4

NA
0

>330. 0
5.4

2,700.0
2.5
0

li.a0
1,465.0
8,819.0
4,400.0

1.2
3.0
0
0

0
0

IV
IV
IV

0
V

Ill

IVIV

IV-- ---- - - -

III IV
V IV
V IVIll III

III IV
IV IV
IV IV
IV ................
IV IV

IV
IV
IV
0

IV

IVIII
IV
IVIll
III
II

IV
IVIV
IV
IV

-4

0 IV IV
0 Ill Ill



Kuwait. --------------------
Laos ....
Lebanon -------------------------
Malaysia -------------------------
M a didees ----------------- ........
Mongolia -------------------------
Nepal e pa--------------- .........
Oman ................... .........
Pakistan --------- t a--------------
Pnhilippines -----------------------
Q t r atar ------------------------

udi Arabia ----------------------Singapore ------------------------
Sri Lanku ------------------------
Syrian Arab Republic --------------
Thailand -------------------------
Turkey ...........................
United Arab Emirates ..............
Viet-Nam, Democratic Republic of..-
Viet-Nam, Republic of -------------
Yemen Arab Republic (Sen'a) -------
Yemen People's Republic of (Aden)._

Total ..........................

Oceania:
Australias.
Fiji ..............................
N auru ----------------------------
New Zealand -------------------
Tonga ............................
Western Samoa ...................

NA NA
0 ----------------
o 0
NA NA
0 0
0 ----------------

0 --- ---- -- -------

NA NA
35.0 0
0 0
NA NA

83, 905. 0 57, 338 0
0 0
0 0

7,250.0 .
.5 0

550.0 0
NA NA
0 0
0 0
0 0
a 0

77,041. 0

01,500.0
0

0
0

35.0
0

7,000.0
141,248.0

0
07,250.0
.5

550.0
20,209.0

0o
0
0

NA NA0
0 0
NA NA
0 0

NA NA
5.0 0
0 0
NA NA

11,500.0 7,879.0
0 0
0 0

1,044.0
.1 0

77.5 0
NA NA
0 0
0 0
0 0
0 0

10,750.0

0
205.0

a
0
0

684.9
5.0
0

909.0
19,373.0

0
0

1,044.0
.1

77.5
2,695.0

0
0
0
0

II III
IV .
V IV

III Ill
VI VI
IV ................
V ----------------

V-VIIIIVIIl IV
IV IVIll Il1
II II

0 V
0 V
IV .
IV IV
IV IV

III III
V V
IV IV
VI IV
V IV

II
IV
IV
III
VI
IV
V

IIV
IlI
IVilI
II
V
V

IV
IV
IV
III
VIV

VI
IV

216,554.2 65,166.0 392,475.2 29,482.1 8, 944. 0 53,664.0 .................................... .--I,

0
NA
0
0

01M
0

NA
0
0

'., uL. U
0
0

250.0
0
0

0

NA
0
0

gin
00
NA
0
0

LUO. V
0
0

31.3
0
0

BIO
V
IV
V

IV
IV

III
V

IV
V

IV
IV

IV
V

IV
IVIV

Total .........................

151 country total ................

NA NA 2,332.0 NA NA 299.3 ................................................

415,502.1 93,115.6 633, SIM. 7 56,457.6 14,451.1 86,251.4 ................................................

Source: USGS, Washington, D.C., 1973-Summary, 1972 oil and ps statistics, onshore and offshore arm, 151 countries, pp. 157-159.
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APPENDIX X-Continued

NATURAL GAS PRODUCTION. PROVED RESERVES, AND POTENTIAL RESOURCES

[Potential resources: See "Explanatory Notes" In text. Asterisk (*), estimated; .. landlocked; Neg, negligible; NA, information not available; >, greater than; <, less than. The onshore and offshore
production and reserves may not add up to the totals where e onshore/offshore breakdown was not available.]

1972 production Cumulative production

Billions of cubic feet Billions of cubic meters Billions of cubic feet Billions of cubic meters

Continent and country Onshore Offshore Total Onshore Offshore Total Onshore Offshore Total Onshore Offshore Total

North America:
Bahamas .........................
Barbados .........................
Belize ............................
Canada ...........................
Costa Rica ........................
Cuba .............................
Dominican Republic ................
El Salvador .......................
Guatemala ------------------------
H aiti ----------------------------
Honduras .........................
Jam aica --------------------------
Mexico ...........................
Nicaragua ------------------------
Panama ..........................
United States ---------------------

Total .......-...................

0 0 0 0 0 0 0 0 0 0 0 0 0
.1 0 ., NegI 0 NegI .5 0 .5 Nego 0 NeoI

0 0 0 0 0 0 0 0 0 0 0 0
2,913.0 0 2,913.0 82.5 0 82.5 38,824.0 0 38,824.0 1,099.0 0 1,099.0

0 0 0 0 0 0 0 0 0 0 0 0
NA 0 NA NA 0 NA NA 0 NA NA 0 NA
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 •
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 a 0 0 0 0
NA NA 660.2 NA NA 18.7 NA NA 9,200. 0 NA NA 261.0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0

20,654.0 3,325.0 23,979.0 585.0 94.2 679.3 '415,342.0 '23,931.0 *439,273.0 '11,761.0 *678.0 012,439.0

23,567.1 3,325.0 27,552.2 667.5 94.2 780.5 454,166.0 23,931.0 487,297.5 12,860.0 678.0 13,799.0

South America:
Argentina ------------------------ 268.7 0 268.7
Bolivia --------------------------- 121.0 ------------ 121.0
Brazil ---------------------------- 43.8 Neil 43.8
Chile ---------------------------- 284.9 0 284.9
Columbia ------------------------- 115.6 0 115.6
Ecuador -------------------------- 5.3 0 5.3
Guyana --------------------------- 0 0 0
Paraguay ------------------------- 0 ------------ 0
Peru ---------------------------- 41.2 23.2 64.4
Trinidad and Tobago --------------- 69.9 34.4 104.3
Uruguay ------------------------ 1 .0 a0 0
Venezuela ........................ 1,667.0 0 1,667.0

7.6 0 7.6 2,.31.4 a 2,.83%4 83.6 0 83.6
3.4 ------------ 3.4 293.6 ------------ 293.8 8.3 -----... . 8.3
1.2 Neg. 1.2 384.9 Nell 384.8 11.2 Neg 11.2
8.1 0 8.1 3,018.0 0 3,018.0 100.6 0 100.6
3.3 0 3.3 2,699.0 0 2,699.0 76.0 0 7.0
.2 0 .2 209.0 0 209.0 6.0 0 6.0

0 0 0 0 0 0 0 0 0
0 0----------- 0 0 0 0 ------------ 0
1.2 .7 1.9 1,581.0 116.0 1,701.0 44.2 3.7 47.9
2.0 .9 2.9 1,011.0 504.0 1,515.0 29.0 14.0 43.0
0 0 0 0 0 0 0 0 0

47.2 0 47.2 27,504.0 0 27,504.0 479.2 0 479.2

Total --------------------------- 2,617.4 57.6 2,67j.0 74. 2 1.6 7i. 8 39,538. 8 620.0 40,158.8 838.1 17. 7 855. 8
Total-----------------------2,617.4 57.6 2,67jO 74.2 1.6 7s.8 39,538.8 620.0 40,158.8 838.1 17.7 855,8



Africa:
Algeria ---------------------------
Angola ---------------------------
Botswana -------------------------
Burundi --------------------------
Cameroon eo .............. ........
Central African Republic ...........
Chad .............................
Congo ----------------------------
Dahomey .........................
Egypt ............................
Equatorial Guinea ------------------Ethiopia --------------------------
Gabon ............................
Gambia ..........................
Ghana ----------------------------
Guinea ...........................
Ivory Coast -----------------------
Kenya ............................
Lesotho ..........................
Liberia ...........................
Libyan Arab Republic ..............
Malagasy Republic .................
Malawi ...........................
M ali -----------------------------
Mauritania ........................
M auritius -------------------------
Morocco ..........................
Mozambique ......................
Niger ...........................
Nigeria ..................
Portuguese Guinea ...........
Rwanda --------------------------
Senegal ..........................
Sierra Leone ......................
Somalia ..........................
South Africa ......................
Southwest Africa ------------------
Sudan ............................
Swaziland ........................
Tanzania .........................
Togo .............................
Tunisia ---------------------------
Uganda ..........................
Upper Volta .......................
Zaire -----------------------------
Zambia ...........................

Total ...........................

107.8 0
NA 40.3
0 ------------
0 - ---------
0 0
0 ------------
0 ------------
NA NA
0 0
NA NA
0 0
0 0
NA NA
0 0
0 0
0 0
0 0
0 0
0 ------------
0 0

496.0 0
0 0
0 ------------
0 ------------
0 0
0 o
2.2 0
0 0
0 ------------

438.7 165.9
0 0
0 ------------
0 0
0 0
o 0
0 0
0
0 0
0 ------------
0 0
0 0

60 0
0 ------------
0 ------------
0 0
0 ------------

107.8
>40.3

0
0
0
0
0
.6

0
160.8

0
0

31.8
0
0
0

0
0
0
0496.0
0
0
0
0
0
2.2
0
0

604.6
0
0
0
0
0
0
0
0
0
00

60.0
0

.0
C
0

3.1 0
NA 1.1
0 ------------

0 ------------0 0
0 ------------
0 ............

NA NA0 0
NA NA
0 o0 0
NA HA
0 0
0 0
0 a

0 0
0 0
0 0
0 0
0 0
0 0

0 0
o 00

12.4 4.70 0
0 ............0 0
0 0
0 0
0 00 0

00o 0

0 ------------0 0.
0 0
1.7 0
0 ............
0 ------------
0 0
0 0-----------

3L2 5.8

3.1 >1,708.0 0 >1,708, 0
>1.I :NA >00.0 >40.3

0 0 ------------ 0
0 0 ------------ 0
0 0 0 0
0 0 --------.... 0
0 0 ------------ 0

NA NA 1.7
0 0 0 0
4.6 NA NA 459.0
0 0 0 0
0 0 0 0
.9 NA NA 168.0

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 - 0
0 0 0 0

14.0 4,260.0 0 4,360.0
0 0 -- - - - - - 0
0 0 0-------
0 0 0
0 0 0o 0 0 0

Ne oO 10.2 0 10.2
0 0 0 0
0 0 -- ----- 0

17.1 $1,331.0 *56. 0 1,907.0
0 0 0 0
0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 ------------ 0
0 0 0 0
0 0 0 0
1.7 61.0 0 61.0
0 0 ------------ 0
0 0 ............ 0
0 0 0 0
0 0 ------------ 0

42.5 7,477.2 606.3 8,715.2

>48.0 0
NA >1.1
0 ------------
0 ............
0 0
0 ------------
0 ------------
NA NA

0 0
NA NA
0 0
0 0
NA NIA
0 0
0 0
0 0
0 0
0 0
0 --------..--
0 0

123 0 0
0 ------------
0
0 0
0 0
0 0
.3 00o 00 . . .

"3.0 16.0
0 0
0 ------------
0 0
0 0
a 0

0 0
0 0
0 0
0 ------------
0 0
0 0
0.7 0
0 ------------
0 ------------
0 0
0 ------------

21.0 17.1

>48.0
>1.1

0
0
0
0
0

Newi
0

131.0
0
0
5.0
0
0
0
0
0
0

123. 0

0
0 '0
.3

•.o0
54.0
0
0
0

0
0
0
0 "
0
0
0
1.7
0
0
0
0

364.11,104.7 206.2 1,504.1

0 () C, r)
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APPENDIX X-Continued

NATURAL GAS PRODUCTION, PROVED RESERVES, AND POTENTIAL RESOURCES-Continued
iPotential resources: See "Explanatory Notes" in text. Asterisk (*), estimated; -.. , landlocked Neei, negligible; NA, information not available; >, greater than; <less than. The onshore and offshore

production and reserves may not add up to the totals where the onshore/offshore breakdown was not available.,

1972 production Cumulative production

Billions of cubic feet Billions of cubic meters Billions of cubic feet Biflions of cubic meters

Continent and country Onshore Offshore Total Onshore Offshore Total Onshore Offshore Total Onshore Offshore Total

Europe:
Albania ---------------------- A 0 NA
Austria ---------------------------. 70.6 ------------ 70.6
Belgium -------------------------- 0 0 0
Bulgaria -------------------------- 14.9 0 14.9
Czechoslovakia -------------------- 42.4 ------------ 42.4
Denmark ------------------------- 0 0 0
Finland -------------------------- 0 0 0
France --------------------------- 385.8 0 385.8
German Democratic Republic -------- 190 0 190.0
Germany, Federal Republic of ....... 624.8 0 624.8
Greece --------------------------- 0 0 0Hungary -------------------------- 144.0 0 144.0
Huelngar------------------------- 0 0 0Iceland....................... 00O
Ireland --------------------------- 0 0 0
Italy -----.---------------------- 261.2 240.00 501.0
Lichtenstein -------------------- 0 0
Luxembourg --------------------- a ------------0 0
Malta ---------------------------- 0 0 0
Netherlands ---------------------- 2,043.0 NeW 2,043.0
Norway -------------------------- 0 18,659.0 18. 659. 0
Poland --------------------------- 200.0 0 200.0
Portugal ------------------------- 1 0 0 0
Romania ------------------------- 1,169.0 0 1,169.0
San Marino -----------------------. 0 ------------. 0
Spain ---------------------------- 0.1 0 .0
Sweden -------------------------- a 0 0
Switzerland ------------------------ 0 ------------ 0
United Kingdom ------------------- 3.6 919.8 923.4
Yugoslavia ------------------------ 43.8 0 43.8

Total --------------------------- 5,193.2 19,818.8 25,011.8

NA 0
2.0 ------------
0 0
.4 0

1.2 ............
0 0
0 0

10.9 0
5.4 0

17.7 0
0 0
4.0 0
0 0
0 0
7.4 6.8
0 ......... ...

0 0
57.9
0 528.6
5.7 0
0 0

33.1 0
0 ------------.

Negil 0
0 00

.1 26.0
1.2 0

NA NA 0 NA NA 0
2.0 1,105.0 ------------ 1,105.0 3.0 ------------
0 0 0 0 0 0
.4 93.9 0 93.9 .4 0

1 2. 550.0 ............ 550.0 1.0 ............
0 0 0 0 0 0
0 0 0 0 0 0

10.9 3, 7018 0 0 3,708.0 10.0 0
5.4 NA 0 NA NA 0

17.7 2,477.0 0 2,477.0 7.0 0
0 0 0 0 0 0
4 975.0 0 975.0 2.0 0
0 0 0 0 0 0
o o 0 o o

14.2 5,281.0 377.0 5,713.0 29.0 8.8
0 0 ............ 0 0 ------------
0 0 0----------- 0 0 ............
0 0 a 0 0 0

57.9 6,889.0 NegI 6,889.0 19.0 N528.6 0 18,659.0 18,659.0 ------------ 52&
5.7 "1,773.0 0 *1,773.0 "5.0 O
o 0 0 0 0 0

33.1 8,553.0 0 8,553.0 24.0 0
0 0 ............ 0 0 ------------

Negi .4 0 .4 Negi 0
0 0 0 0 0 0
0 0 ............ 0 0 ------------

26.1 ,49.6 >2,238.0 >2,248.0 >3 >63.3
1.2 14.0 1,844.0 5.0 0

NA
31.0
0
2.4

15.0
0
0

105.0
NA

70.0
0

28.0
0 C
0

159.0
0
0
0

195.0
528. 6
051.0

0
240.0

0
Negi
0
0

>63.6
51.0

147.0 561.4 708.4 33.258.9 21,274.0 54.588.3 1,080.7 600.7 1,539.6

Europe and Asia: Union of Soviet Social-
1st Renublic ---. . ..-----------------7. 912.0 0. 7.912.0 224.0 a 224.0 69,866.0 0 69,866.0 1,979.0 0 1,979.0
...... V .............................

Asia:
Afghanistan ----------------------- 91.3 ------------ 91.3
Bahrain -------------------------- 64.9 0 64.9
Bangladesh ----------------------- 17.0 0 17.0
Bhutan ------------------------ - 0 ............. a
Brunel --------------------------- N A NA NA
Burma ........................... 4.2 0 4.2

2.6 ------------ 2.6 428.0 ............ 428.0 12.0 ............ 12.0
18 0 1.8 350.0 0 350.0 9.8 O 9.8
.5 0 .5 >68.6 0 >68.6 >2.0 0 >2.0

0 ----------- 0 0 00 O -.. ....... 0
NA NA NA NA NA NA NA NA NA
. 1 0 .1 368.2 0 368.2 10.1 0 10.1

China:



China:
People's Republic of China- NA NA NA
Republic of China (Taiwan)-- 34.7 0 34.7

Cyprus a -------------------------- 0 0 0
India . .......................-- 56.3 0 56.3
Indonesia ------------------------ 137.4 Nel 137.4
Iran ---------------------------- A NA t, 470.0
Iraq ----------------------------- 3.4 0 3.4
Israel ---------------------------- 4.4 0 4.4
Japan ---------------------------- N A NA 87.4
Jordan ...----------------------- 0 ------------ 0
Khmer Republic ------------------- 0 0 0
Korea, Democratic People's Republic

of ---------------------------- 0 0
Korea, Republic of ---------------- 0 0 0
Kuwait --------------------------- 608.0 37.2 645.2
Laos ----------------------------- 0 ............
Lebanon ------------------------- 0 0 0
Malaysia.------------------------ 0 0 0
Maldives --------------------_-- 0 0 0
Monolia ------------------------- 0 ------------ 0
Nepal ---------------------------- 0 ------------
Oman ---------------------------- 54.7 0 54.7
Pakistan ------------------------- 124.5 0 124.5
Phlllippines ----------------------- 0 0 0

ar ------------------------ "44.3 44.4 88.7
Saudia Arabia ------------- .------- 416.0 727.0 1,143.0
Singapore ------------------------ 0 O
Sri Lanka ......................... 0 0 0
Syrian Arab Republic .............. NA ------------ NA
Thailand ------------------------- 0 0 0
Turkey --------------------------- NA 0 NA
United Arab Emirates -------------- NA NA %A
Viet Nam, Democratic Republic of... 0 0 0
Viet Nam, Republic of .............. 0 0 0
Yemen, Arab Republic (San's) ------ 0 0 0
Yemen, People's Republic of (Aden). 0 0 0

Total ------------------------- 1,681.1 S08.6 4,027.1

NA NA NA NA NA NA NA NA
.1 0 .1 25&.0 0 265.0 6.0 0

0 0 0 0 0 0 0 0
1.6 0 L26 393.0 0 393.0 12.0 0
3.9 NeA 3.9 3,9S0.0 Nee 390.0 112.0 No

NA 42.4 NA NA 12,335.0 NA
Nag 1  0 NA 0 NA HA

S45.0 0 135.0 1.0 0
NA NA 2.5 935.0 NA 135.0 <27.0 NA
0 0----------- a ............- o 0 0 -- _ ------
0 0 0 0 0 0 0 0

0 0
0 0

17.2 1

0 0
0 0
0 0
0 ------------

1.5 0
3.5 0
0 011:7 1.3

A7 20.6
0 0
0 0
NA ----------NA

N 0NA NA

0 0
0 0
0 0
0 0

0 0 0 0 0 0
o 0 0 6 0 0

18.2 11,048.0 252.0 11,300.0 313.0 7.00 0 ............ 0 0 ------------0 0 0 0 0 o
0 0 0 0 0 0
0 0 0 0 0 0
o a ------------ 0 0 ------------
0 0 ............ 0 0 ------------

1.5 397.5 0 397.5 12.7 0
3.5 1,246.0 0 1,246.0 36.0 0
0 0 0 0 0 0
2.5 737.0 244.0 982.0 21.0 6.0

32.3 9,189.0 3,148.0 Z, 337. 0 260.0 90.0
0 0 0 6 0 0
0 0 0 6 0 0
NA NA ------------ NA NA ............

0200 0
NA >79.0 0 >79.0 >2.0 0
NA >850.0 >446.0 >1,352.0 >25.0 >13.0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

113.6 30,358.3 4,090.0 - 46,831.3 86L6 116.0

NA
6.0
0

22.0
112.0
350.0

NA
1.0

27.0
0
0

0
0

320.0
0
0
0
00
0

12.736.0

28.0349:.0
0
0NA

>38.0

0
00

0

1,327.045.8 22.9

Oceania:
Australia ........................ 68,2 31.4 99.6 1.9 .9 2.8 147.7 93.8 241.5 4.2 2.6 6.5
Fiji ------------------------------ 0 0 0 0 0 0 0 0 0 0 0 0
Nauru ........................ 0 0 0 0 0 0 0 0 0 0 0
New Zealand ..................... 14.6 0 14.6 .4 0 .4 >29.0 0 >29.0 >.8 0 .8
Ton -------- - --------- 0 0 0 0 0 0 0 0 0 0 0 0 0

iSamoa........... -.... 0 0 0 0 0 0 0 0 0 0 0 0

Total ........................... 8 2.8 31.4 114.2 2.3 .9 3.2 176.7 93.8 270.5 5.0 2.6 7.6

151 country tot"I ------------- 42.138.3 24,247.6 68,796.4 1,192.0 686.8 1,948,0 634,841.9 50,615.1 707,727.6 19,122.4 1,432.t 19,872.7

on 9C) r) C)1
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APPENDIX X-Continued

NATURAL GAS PRODUCTION, PROVED RESERVES, AND POTENTIAL RESOURCES-Continued

[Potentia! resources: See "Explanatory Notes" in text. Asterisk (*), estimated; ... , landlocked Negil, negligible; NA, information not available; >, greater than; <, less than. The onshore and ofllshore
production and reserves may not add up to the totals where the onshore/offshore breakdown was not available.I

Proved recoverable reserves
Potential resources (ultimate recoverable

Billions of cubic feet Billions of cubic meters resources)

Continent and country Onshore Offshore Total Onshore Offshore Total Onshore Offshore Total

North America:
Baham as -------------------------
Barbados ------------------.......
Belize ----------------------------
Canada ---------------------------
Costa Rica ------------------------
Cuba ----------------------------
Dominican Republic ----------------
El Salvador --------------------..
Guatem ala ------------------------
Haiti .............................
Honduras ........................
Jam aica --------------------------
M exico ---------------------------
Nicaragua ------------------------
Panama ..........................
United States .....................

Total ---------------------------

0
NA
0

55,462.0
0
NA
0
0
0
0
0
0
NA
0
0
NA

O 0
0 NA
o 0
NA >55,462. 0
0 0
0 NA
0 0
o 0
0 0
0 0
0 0
0 0
NA 11,500.0
0 0
o 0
NA 266,085.0

0
NA
0

1,570.0
0
NA
0
0
0
0
0
0
NA0
0
NA

0.3
0
NA
0
0
0
0
0
0
00
NA
0
0
NA

0
NA
0

>1,570.0
0
NA
0
0
0
0
0
0

326.0
0
0

7,537.0

VI
V
V
II
VI
V
V

0
IV
V
V
VII
v
V

VI
V
V

III
VI
VI
V
V
IV
V
IV
IV
IV
Iv
IV

Vi
IV
V
II
IV
V
V
V
IV
V
IV

IV
IV
I

55, 462.0 0 333,047.0 1,570.0 NA 9,433.0 ................................................

South America:
A r entina ------------------------
B efiris ---------------------------
B razil ----------------------------
C hile -------..----------------....
Colom bia ----------------------..
Ecuador --------------------------
Guyana ..........................
Paraguay .........................
P e ru -----------------------------
Trinidad and Tobago ---------------
U ruguay ---------------------------
Venezuela ------------------------

6,700.0 NA 6,700.0 190.0 NA
4,800.0 ---------------- 4, 800. 0 135.9 ----------------

741.b 176.5 918.0 21.0 5.0
1,775.0 0 1,775.0 50.0 0
2,500.0 0 2,500.0 70.0 0
6,000.0 0 6,000.0 170.0 0

0 0 0 0 0
0 ---------------- 0 0 ------------....
NA NA 500.0 NA NA

900.0 4,000.0 4,900. 0 25.8 113.0
0 0 0 0 0

<36, 000. 0 NA 36, 000. 0 < 1,020. 0 NA

190.0
135.9
26.0
50.0
70.0

170.0
0
0

67.0
138.5

0
1,020.0

II .............
IIIIV IIl

III III
Ill III
IV V
IV .............

III N
IV IV
IV IV
IV IV

IlI
II
II

IIIill
IlV
IVIV

Ill
iV
IV
IV

Total ---------------------------Ta59,416.5 4,176.5 64,093.0 1,682.7 118.0 1,867.7 ------------------------------------------------



Africa:
Algeria ---------------------------
Angola ---------------------------
Botswana .........................
Burundi ..........................
Cameroon ------------------------
Central African Republic -----------
Chad ----------------------------
Congo ----------------------------
Dahomey .........................
Egypt ............................
Equatorial Guinea -----------------Ethiopia --------------------------
Gabon ----------------------------
Gambia ..........................
Ghana ---------------------------
Guinea ...........................
Ivory Coast -----------------------
Kenya ----------------------------
Lesotho ..........................
Liberia ---------------------------
Libyan Arab Republic --------------
Malagasy Republic ................
Malawi ---------------------------
Mali -----------------------------
Mauritania ........................
Mauritius -------------------------
Morocco ..........................
Mozambique ......................
Niger ............................
N igeria ---------------------------
Portuguese Guinea .................
Rwanda .........................
Senegal ..........................
Sierra Leone ----------------------
Somalia --------------------------
South Africa --------------.-------
Southwest Africa ------------------
Sudan ----------------------------
Swaziland ........................
Tanzania .........................
Togo -----------------------------
Tunisia ---------------------------
Uganda ------------------..-.....
Upper Volta .......................
Zaire -----------------------------
Zambia ...........................

Total ...........................

105, 900. 0
,NA NA 1,400.0
0 ---------------- 0
0 ---------------- 0
0 0 0
0 ---------------- 0
0 ---------------- 0
NA NA >5.0
o 0 0
NA NA 7,500.0

0 0 0
O 0 0
NA NA 6,532.0
0 0 0
0 NA NA
o 0 0
0 0 0
0 0 0
0 ---------------- 0
0 0 0

27,500.0 NA >Z7,500.0
0 0 0
0 0--------------- a
0 ---------------- 0
0 0 0
o 0 0

17.0 0 17.0
0 a 0
a ---------------- 0

'30,000.0 "10,000.0 40,000.0
0 0 0
0 0--------------- 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
o 0 0
0 --------------- 0
0 0
0 0 0

1,505.0 NA >1,505.0
0 ---------------- 0
0 ------------ 0
0 0 o
0 ---------------- 0

164, 922.0 10,000.0 190, 359.0

3,000.0 0
NA NA

0 0
0 ................

0NA NA
0 0
NA NA
0 0
0 0
NA NA
0 0
0 NA
o 0
0 0
0 0

0 0779.0O NA
0 0
0

0 0
.0 0

.4 0
0 0
0 •..............

'848.0 '280.0
0 0
0 0
0 0
0 0
0 0
0 00 0
o o

00 0
0 0

43.0 NA
0 ------------...

0 0....
0 ----------------

3,000.0
39.7
0
0
0
0
0

mest
0

213.0
0
0

181.0
0
NA
0
0
0
0
0

>779.0
0
0
0
0
0
-4

0
0

1,120.0
0
0
0
0
0
0
0
0
0
0
0

>43. 0
0
00
00

5,7.

I- 0 I0
IVl III Ill

0--------------------- 0VfiII .. . . .. . . . III

V V VIV IV IV

Vi V VlV V V
II Ill II
V V V•Ill IV III

III Ill I~l
V V V

IV IV IVIV IV IV
V IV IVIII V IIl

VI ---------------- VI
0 V VII II II
IV IV IV
0 ---------------- 0
IV ................ IV
IV IV IV

0 0 0
IV IV IViI Ill Ill
IV ---------------- IV
Ill IiI VI
V V V

0 ---------------- 0
IV IV IV
V V V
V V V

III IV III
V V V
V V V

VI ---------------- VI
Iv IV IV
V V V
IV IV IVo ----- --- 00 ...- W............ 0
Ill IV Ill

0 ---------------- 0
.......... .... ...................... °.... ........4,662.4 280.0

9 ')fr') nf"1 r fl n. r)
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APPENDIX X-Continued

NATURAL GAS PRODUCTION, PROVED RESERVES, AND POTENTIAL RESOURCES-Continued

[Potential resources: See "Explanatory Notes" In text. Asterisk (*), estimated; ---, landlocked; Nell, negligible; NA, information not available; >, oreater than; < less than. The onshore and offshore
production and reserves may not add up to the totals where the onshoreloffshore breakdown was not availabie.

Proved recoverable reserves Potential resources (ulUmate recoverable
Billions of cubic feet Billions of cubic meters resources)

Continent and country Onshore Offshore Total Onshore Offshore Total Onshore Offshore Total

Europe:
Albania ...............-..........
Austria ...........................
Belgium ..........................
Bulgaria ..........................
Czechoslovakia ...................
Denmark .........................
I-Inland ..........................
France ...........................
German Democratic Republic ........
Germany, Federal Republic of..
Greece ---------------------------
Hungary ..........................
Iceland ---------------------------
Ireland ...........................
Italy ............................
Lichtenstein .................... -
Luxembourg ......................
Malt, ----------------------------
Netherlands ......................
Norway --------------------------
Poland ..........................
Portugal ..........................
Romania-------------------------
San Marino -----------------------
Spain ............................
Sweden ..........................
Switzerland ---------------
United Kingdom -------------------
Yugoslavia ........................

Total ---------------------------

300.0 0 300.0
550.0 ---------------- 550.0

0 0 0
1,000.0 0 1,000.0

500.0 ---------------- 500.0
0 500.0 500.0
0 0 0

6,600.0 0 6,600.0
500.0 0 500.0

12,400.0 0 12,400.0
0 0 0

4,200.0 0 4,200.0
0 0 0
0 NA NA
NA NA 6,000.0
0 ---------------- 0
0 ---------------- 0
0 a 0

88,000.0 NA 88,000.0
0 50,000.0 50,000.0

5,000.0 0 5,000.0
0 0 0
NA NA 10,000.0
0 ---------------- 0
NA NA 500.0

0 0 0
0 ---------------- 0
NA 45,000.0 >45,000.0

1,700.0 0 1,700.0

120, 750.0 95, 500.0 232, 750.0

&.4 0
15.0 ................
a 0

28.0 0
15.0 -----------
0 14.0
0 0

187.0 0
14.2 0

351.0 0
0 0

119.0 0
0 0
0 NA
NA NA

0 ----------------

0 0
2,493.0 N A

O 1,420.0
140.0 0

0 0
NA NA
0 ................
NA NA
0 0
0
NA 1,275.0

48.2 0

8.4
15.0
028.0

15.0
14.0
0

187.0
14.2

351.0
0

119.0
0
NA

169.9
0
0
0

2,493.0
1,420.0

140.0
0

283.3
0

15.0
0
0

> 1, 275. 0
48 2

IV IV
IV .............
V IV
IV IV
IV ----------------
IV IV

0 VIII IV
II IVIII IV
V IV
IV ---------------

0 0
1V IVIV III

0 ----------------
vI IV

0
IV V
V V

Ill IV

IV v
VI V
V ................
V III

IV IV

IV
IV
IV
IV
IV
IV
V

Ill
III
IV
IV
0'Il
II
0
0

IV
II
III
IV
V

Ild
0
IV
V

Ill
IV

I-A

3,418.8 2,709.0 6,596. 0 -----------------------------------------------



Euiope and Asia: Union of SovietSocialist
Republic ---------------------------

11
<706,000. 0 NA 706,000.0 <20,000. 0 NA 20,000.0 I I I I

Asia:
Afghanistan .......................Bahrain --------------------------
Bangladesh .......................
Bhutan ...........................
Brunel .....................-.....
Burma ---------------------------
China:

People's Republic of China.
Republic of China (Taiwan) -----

Cyprus ....................
india -------------------- _-----
Indonesia ........................
Iran -----------------------------
Iraq -----------------------------
Israel ............................
Japan ----------------------------
Jordan --_-----------------------
Khmer Republic -------------------
Korea, Democratic People's Republic

of -----------------------------
Korea, Republic of .................
Kuwait- ..........................
Laos -----------------------------
Lebanon --------------------------
Malaysia -------------------------
Maidives -------------------------
Mongolia .........................
Nepal ----------------------------
Oman ----------------------------
Pakistan -------------------------
Phillipplnes .......................
Qatar ----------------------------
Saudl Arabia ......................
Sinpure --------------------

Si Lanka. .........................
Syrian Arab Republic ..............
ThTailand-.........................
Turkey ---------------------------United Arab Emirates ..............

Viet Nam, Democratic Republic of...
Viet Nam, Republic of ..............
Yemen, Arab Republic (Sania) ......
Yemen, People's Repubilcof (Aden)-.

5,000.0 ----------------
840.0 0

9,250.0 0
0 ----- -----------

NA NA
100.0 0

NA NA
500.0 0

0 0
1,500.0 0

NA NA
NA NA

20,000.0 0
50.0 0

<400. 0 HA
.0 ................
0 0

5,000.0
$40.0

9,250.0
0

15,000.0
100.0

4,000.0
500.0

0
1,500.0
5,5500.0

200, 000. 0
20,000.0

50.0
400.0

0
0

142.0 ---
23.3

262.0
0 -..
NA
2.8

0
0

NA
0

0 0
0 a
NA NA
0 ----------------

0 0
NA NA

a 0
0 ----------------

NA NA
19,500.0 0

0 0
NA NA
NA NA
0 0
0 0

700.0 a

NA NA
0 0o 00 0
0 0

0
0

42,000.0
0
C

10,000.0
0
0
0

189,5
19,500.0

0
000.0

54,400.0
0
0

700.0
Nell

170.0
11, 800, 0

0
0
0
0

NA HA
14.0 0
0 0

42.0 0
NA NA
HA NA

566.6 0
1.5 0

<11. 0 NA
0 ----------------
0 0

0 0
0 0
NA NA
0 ----------------
0 0
NA NA
0 0
0 ...............
0 ------- -- ---- ---
NA NA

550.0 0
0 0
NA NA
NA NA
0 0
0 0

19.8 -...............
NeoI 0
5.0 0
NA NA
0 0
0 0
0 0
0 0

142.0
23.8

362.0
0

425.0
2.8

133.3
14.0
0

42.0
156.0

57,000. 0
566.6

1.5
11.0
0
0

0
0

1,190. 0
0
0

284.0
0
0
0

53. 7
550.0

0
266.6

1,541.0
0
0

19.8
Now~

33.2
0
0
0
0

ill ............

iII III0------------
0 ................

IV VIlI III

II III
IV IV
V IV

III IllII III

Ill IV
iV iV
III IV
IV ------------
IV IV

0
0

III
IV
V

III
VI
Ill
V

III
III
IVIll
I'
0
0

IV
IV
'VIII
V

VI
VIV

IV
III
IV

III
Vi

IVI
IV

V
V

IVI
IV
VII
IV
IV

III
'IV
III

0
IV
Ill

IV
IV
IV
IVl
II
II

III
IV
IV
IV
IV

IV
III
IVl
IV
ill

VI

III

VI
illIli
Ill
III

V
IV
IV
IV
III
V
VI
Vl
iV

P11

Total .......................... 58,010.0 NA 408,899.5 1,640.5 NA 62,723.3

emC'40 er)
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APPENDIX X-Continued

NATURAL GAS PRODUCTION, PROVED RESERVES. AND POTENTIAL RESOURCES-Continued

[Potential resources: See "Explanatory Notes" in text. Asterisk(), estimated; ...., landlocked; Negi, negligible; NA, information not available: >. greater than;
and offshore production and reserves may not aJd to the totals where the onshore/offshore breakdown was not available.]

Proved recoverable reserves
Potential resources (ultimate recoverable

Billions of cubic feet Billions of cubic meters resources)

Continent and country Onshore Offshore Total Onshore Offshore Total Onshore Offshore Total

Oceania:
Australia ------------------------- A HA 37,700.0 NA MA 1,068.0 II II
FiJi .............................. 0 0 0 0 0 0 V V V
Naurn --------------------------- 0 0 0 0 0 0 IV IV IV
New Zealand ----------------------- NA NA >6,000.0 NA NA >6,000.0 IV Il0 ill
Tone --------------------------- 0 0 0 0 C O IV v Iv

Western Samoa ------------------ - 0 0 0 0 0 0 IV IV IV

Total ------------------------- N- MA MA 43,700.0 NA NA 7,066. 0

1M1 country total, ................ L 16k 56.. 10%,676.5 1.978,848.5 32.974.4 3,107 113,064.1 -------------------------------------------------

Source: USGS, Washington, D.C., Summary, 1972 oil end gas statistics, onshore and offshore ureas, 1ee countries. pp. 160-162.



C

APPENDIX XI 0C

U.S. ENERGY POLICY: MAJOR ISSUES AND OPTIONS

BY ALFRED REIFMAN

Senior Specialist in International Economics,
CONGRESSIONAL RESEARCH SERVICE

JULY 24, 1975

Table of Contents

Page C

Summary...............................ii

I. The Major Problems -- Embargo and High Prices. ....... 1

11. Policies to Meet Potential Embargo .............. c
A. International Sharing .2..................2
B. Stockpiling and Shut-in Capacity 3..............3

IMI. The Economic Impact of OPEC 4................4

A. The Problems of High Oil Prices ........ ............. 4
1. Inflation......................... 4
2. Unemployment and recession ...... ............. 5
3. Balance-of-payments 5.................5
4. Redistribution of world income 6............6
5. Reduction in U. S. and world income 7............7
6. The changed balance of power 7.............7
7. Summary of costs of high oil prices 8..........8

B. The Outlook for World Oil Prices and the Financial c
Position of OPEC ........... ..................... 9
L Production of oil from non-OPEC sources . . . 10
2. World demand for oil ................. 10
3. Demand for oil from OPEC ...... .............. 12
4. Balance-of-payments position of OPEC countries • 12
5. Critique of Estimates ................. 13

IV. The Major Policy Options ...... ................... ... 15

A. General..........................15
B. The Use of Market Forces .................. 16

1. Reduced economic growth and increased
unemployment ........................... . . .17

2. Renewed inflation ............. 18
3. Impact on supply and consumption of oil •.... 19 C
4. Alternative use of price mechanism .... 20

C. Other Government Measures -- Direct Controls, Taxes
Import Duties and Quotas ........................... 21

D. Changes in the Structure of the .ii industry ...... 24

V. Policy Toward OPEC: Confrontation or Cooperation ......... 25

OPEC Current Account Estimates ................. 27

(159)

C



160

U.S. ENERGY POLICY: A PERSPECTIVE ON MAJOR IMMEDIATE ISSUES

Summary

The Arab oil embargo of 1973 and the quintupling of oil prices
has dramatized a long-term trend -- the end of cheap and reliable
sources of energy for the United States.

The immediate problem, and the primary subject of this paper.
arises from the control of a significant portion of the U.S. energy
supply by members of the Organisation of Petroleum Exporting Countries
(OPEC). Two basic problems are posed by OPEC for the United States:

1. How to deal with a potential embargo.

2. How to deal with higher prices.

These are different problems and can be met by different policies.

An embargo can best be met by:

-- the international oil sharing program already agreed to by
the 18-country International Energy Agency; and,

-- a major oil storage program coupled with a stanid-by
allocation system which could keep the U.S. economy
going through an Arab oil embargo of 6 to 12 months.

High oil rices present economic problems and costs to the
United SRtesi. ihýproblems are manageable and the costs, bearable.
They are not a serious threat to the nation's security or independence.

Moreover, there are reasons why the world price of oil may
break by the end of the decade. Such a conclusion flows from three
major considerations:

-- an expected rise in non-OPEC output of energy.

-- an estimated slow-down in the growth of demand for oil
in general and OPEC oil in particular.

-- projected balance-of-payments deficits of an increasing
number of OPEC countries coupled with large, unutilized
capacity to increase their output of oil.

These estimates are made by several reputable economists and
institutions. Yet, they are open to two serious criticisms:

-- First, the degree of uncertainty about the estimates is
very large.
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-- Second. and more important, the reaction of the OPEC
countries, particularly Saudi Arabia, if the new estimates
are being realized, is the key to what happens to the price
Of Oil.

While some OPEC countries (Algeria, Indonesia, Ecuador,
Libya and Venezuela) will be running balance-of -payments
deficits in the next year or two, and might insist on maintaining
or expanding their oil production, cut-backs by Saudi Arabia
alone would be sufficient to maintain the price. Indeed, it
seems probable that reductions in OPEC output could lead to C
further increases in price and total OPEC earnings in the
short-run - - the next five years or so. And OPEC countries
may take a short-run view of their situation.

Thus, the heralded break in the price of oil, justified by
conventional economic analysis and verified by the experience of pre-
vious cartels, may be long delayed.

In this situation it is difficult to formulate U. S. policy to
avoid heavier "taxes" being levied by OPEC. Certain general principles,
however. seem sensible and prudent:

1. Self sufficiency to meet the threat of a-'possible embargo
is exceedingly expensive, an insurance program consisting of
international oil sharing and stockpiles could meet the probable
risk more cheaply. Selfl-sufficiency to meet the cost of higher
prices is absurd. It would cost at least as much, and probably
more, than the higher prices imposed by OPEC.

2. The major cost to the United States and the other industrial
countries is not the level of OPEC prices but the abruptness of
the increase w~ch deepened the present recession. As the
world economy-adjusts to the shock of the rapid increase inC
oil prices, the continuing cost of the high price is manageable.
and not a cause for draconian measures.

3. a) Since the cost of higher oil prices is low compared to
the cost of unemployment, any measures taken to avoid the
first problem should be devised so that they do not threaten
the prospects of economic recovery.

b) More specifically, large increases in energy costs -

whether due to deregulation of prices as proposed by the
Administration, government taxes, import duties or quotas,
or price hikes by OPEC or U. S. private industry - - have to
be offset by government policy if their adverse impact on
employment and economic recovery is to be attenuated.

The import tax on oil and current proposals to decontrol
the price will slow if not stop the current economic recovery and
raise unemployment, if not offset by expansionary fiscal and

monetary measures.
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4. Morever, in the short-run, price changes are not very
effective in achieving the necessary adjustments. It takes
considerable time for an increase in price to yield increased
output or significant reductions in the consumption of
energy. Indeed, the proposed 30-month decontrol of "old"
oil prices could have a perverse effect on output -- it would
be much more profitable to delay oil production for 30 months
and reap a gain of some 150 percent in price than to continue
production.

5. Over the longer term, controls could be eased so that price
can play its traditional role as an inducement to produce and
conserve energy.

6. Measures to conserve on the use of energy, or increase
the efficiency with which it is used, seem prudent. Policies
to increase output are important, but conservation gets re-
sults more quickly and costs less in economic and environmental
terms. Since gasoline accounts for one-quarter of total U. S. energy
consumption, it deserves special attention in any long-run energy
program.

7. Early measures to permit and encourage the exploitation
of the Outer Continental Shelf, the Naval Petroleum Reserves
and greater use of coal within acceptable environmental re-
straints could make a substantial contribution to the supply of
domestically-produced energy by the end of the decade.

8. A cooperative, rather than an adversary, approach to OPEC
may help to limit untenable price rises and, consequently, the
costs to the United States and the world as a whole. This
does not mean the country should compromise its foreign policy
or avoid measures to reduce its dependence on imported oil.
Moreover, cooperation may well be more a matter of style than
of substance.

Finally, except for the "most seriously affected" developing
countries, the international payments problem created by the phenomenal
increase in oil prices has proven to be quite manageable and should
become easier over time.
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U.S. ENERGY POLICY: A PERSPECTIVE ON MAJOR IMMEDIATE ISSUES

I. The Major Problems -- Embargo and High Prices

The immediate energy problems facing the United States fall into two
broad categories. How to deal with a possible embargo. How to deal
with high energy prices. These are different problems. It is helpful to
keep them separate:

-- They arise from different forces -- an embargo is a political
act; increased prices are economic.

-- They have different durations -- an embargo is a short-term C

phenomenon; increased prices can be persistent.

-- The problems have different costs for a nation's economy.

-- And, the problems can be countered by different policies.
Indeed, while some policies can help meet both problems, most
policies to deal with one exacerbate the other. C

Keeping the economic problem (price) separate from the political
problem (embargo) can also help in an understanding of the more persistent
problem by making it a less emotional subject. The economic problem
(price) is one of cost, not of "sovereignty' or "independence. "

The economic problem raises another political question. Does the
United States approach the Organisation of Petroleum Exporting Countries
(OPEC) in the spirit of confrontation, in an attempt to break the cartel,
or in a spirit of cooperation, an attempt to live with OPEC on mutually-
acceptable terms?

I1. Policies to Meet Potential Embargo

Since an embargo is a political act, arising from a specific set of C
political circumstances, not all oil exporters may participate and the
embargo may not be imposed on all importers. In 1973-74, only the
United States and the Netherlands were hit with the embargo, and this was
imposed not by OPEC but by Arab oil-exporting countries, and not all of them.

The embargo was costly to the United States. But its cost was limited
by the duration of the embargo (October 1973 through March 1974), the C
availability of oil from non-Arab exporters, and informal cooperation of
the importing countries and multinational corporations. A future embargo
could be more costly if more of the oil exporters participate and if the
United States becomes more dependent on imported oil.

There are three basic ways which can be used, singly or in combination,
to meet an oil embargo: C

-- First, is international agreement among consumers to share
available supplies of oil.
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-- Second, is a national system of stockpiles, shut-in production

capacity, and at emergency allocation mechanism.

-- Finally, there can be various degrees of self-sufficiency.

Even though an embargo is a hostile act, a military response is not considered
in this paper.

A. International Sharing

If a future embargo is similar to the one imposed in 1973-74, only
a few countries will be denied oil. Obviously, the impact on them can be
reduced if the cut-back is shared by other consuming countries.

a/
The International Energy Agency (IEA), - established as part of the

Organisation for Economic Cooperation and Development (OECD), has an
agreement for such sharing.

The agreement provides that each country reduce its consumption
during an emergency by a common percentage. The basic principle of the
allocation mechanism is that when a shortfall of oil supplies reaches a pre-
agreed threshold -- 7 percent or more -- all countries will restrain
demand by a common rate, draw from emergency supplies, and share
available oil. (Only under extreme circumstances would the United
States be obligated to share its domestic production.)

The agreement is extraordinary since it is triggered automatically.
A meeting of government officials is not required. A meeting might take
place after the sharing mechanism is in effect to consider deactivating it.

In order to comply with the Agreement on the International Energy
Program (IEP), each country is expected to have an emergency allocation
system to deal with a possible crisis.

The oil-sharing provisions of the IEP Agreement clearly spreads
the burden of an embargo, and, thereby, reduces the likelihood that
one will be imposed, and shortens the duration of one if it were imposed.

Moreover, because the qil exporters recognize the existence of
the Agreement, a future embargo is likely to differ from the last one.
The oil exporters may well use their power not by imposing a selective
embargo but by cutting back sharply on their overall volume of oil
exports to all consumers. This possibility makes more urgent the
development of additional measures to counter an embargo and a sharp
cut-back in oil availabilities. The most important of these measures
is stockpiling of oil.

a/ The IEA members are Belgium, Canada, Denmark, West Germany,
rreland, Italy, Japan, Luxembourg. the Netherlands, Spain, Sweden,
Switzerland, Turkey, United Kingdom, United States, Australia and New
Zealand, with Norway as an associate member.
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B. Stockpiling and Shut-in Capacity

The International Energy Program (IEP) requires each of the 18
participating countries to maintain petroleum stocks or shut-in capacity
equal to 60 days of net imports. The goal is to raise this target to 90
days within 3 to 4 years.

a/
This option -- of maintaining adequate stockpiles and shut-in capacity --

is singularly well-designed to deal with an embargo. Presumably, it would
be of limited duration and, during such a period, a nation could live off
its stocks while limiting "non-essential" consumption through its emergency
allocation system. Thus, stockpiles plus shut-in oil wells are an effective C
device for meeting the threat of an embargo.

The question of cost -- how large a stockpile, what kind of a
stockpile and how much shut-in capacity -- depends on the estimated like-
lihood of an interruption of supply and the quantity of supply which would
be affected. Assuming that an embargo would by imposed only by Arab
countries, as before, the United States would lose 1.4 million barrels a
day at the 1973 rate; much more if the growth of imports from Arab countries
continues as forecast -- between a "mid-point" estimate of 1. 8 million and
a "high" of 8 million barrels a day by 1985. b/ Six months supply -- which
could be stretched to last perhaps twice as long through emergency con-
servation and increased domestic output -- might require the U. S. to
store 324 million to 1, 440 million barrels of oil.

Storage can be achieved in salt domes (or other natural or man-made
caverns) or in steel tanks. Salt domes are the least costly but not as
available. Steel tanks would have to supplement the salt domes.

c/
According to Bohi and Russell"' if oil cost $10. 00 a barrel, thl

annual storage cost -- principal and interest -- in steel tanks would
be $2. 29 a barrel. (A different price of oil would have only a small
effect on the annual cost of storage. ) Thus, to store 6 months oil C
supplied from Arab countries would cost the United States $0. 7 to
$3. 8 billion a year. Other estimates vary between $0.6 and $1. 0 billion
per year. d/ This, of course, is much less than the cost of embargo.

a/ They could also meet other sudden interruptions of supply which,
For example, might come from a civil war in an important exporting
country. C

b/ U. S. Energy Policy: Alternatives for Security, Douglas Bohi and
Milton Russell, Resources for the Future, 1975, p. 22.

c/ Op. cit., p. 94.

d/ "The Project Independence Report" of the Federal Energy Adminis-
tration, November 1974, estimates that storage sufficient to offset a C
cut-off of one million barrels a day for one year would cost $0. 6 billion
a year, close to the "mid-point" estimate of Bohi and Russell. The MIT
study ("Energy Self-Sufficiency: An Economic Evaluation. " 1974) estimates
that a stockpile of 2 million barrels a day for one year would cost $990
million per year (or 26 cents a barrel or two-thirds of a cent per gallon).

C0
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Project Independence (page 10) estimates that a cut-off of one million
barrels a day for one year would cost the U.S. economy $30-$40
billion.

Shut-in capacity is an alternative. But, since most oil fields can
produce only one-tenth of their reservoir per year, shut-in capacity would
involve tying uptentimes as muchoilas neededin an emergency. Thus,
if as little as 1.8 million barrels a day were needed for 6 months, reserves
equal to6. 6 billion barrels would have to be shut-in, compared to some
34 billion barrels of proved U. S. reserves today. Despite the many advantages
of shut-in capacity, the immobilization of such a large fraction of U.S.
reserves -- or, better, the discovery of 20 percent more reserves --
makes shut-in capacity not more than an adjunct to storage. Bohi and
Russell suggest that a combination of storage and standby capacity be used.

The problems of a large stockpile are its cost, as noted earlier, the
time required to order and build storage and ancillary facilities and, per-
haps of most immediate concern, the impact on the price of oil of a sub-
stantial increase in demand at a time when rising economic activity is
also raisingdemand. Nevertheless, these costs are an insurance policy
against possible catastrophe later.

In short, stockpiling is an essential part of a long-term energy
program though the speed of build-up and the size of the reserve is open
to further consideration. The Administration's proposed Energy
Independence Act of 1975 provides for a strategic oil reserve of a maximum
of 1. 3 billion barrels.

Ill. The Economic Impact of OPEC

A. The Problems of High Oil Prices

While. an embargo hangs over our heads like the sword of Damocles,
higher prices have, taken their toll and continue to do so. Indeed.
the price increases of 1973-74 have probably had a more convulsive
effect on the-world economy than any other event taking pla ce in the same
brief period of time in recorded history.

Higher prices present a, persistent set of economic problems --

inflation, temporary recession and unemployment, balance -of-payments
deficits, and permanent cuts in real income.

1. Inflation, already a serious problem in 1973-74. was boosted
byea phenomenal .4 percentage. points a/ as the result of the
fourfold increase in the price of impoiied oil.

a/ Arthur Okun, Testimony before Subcommittee on Multinational
-Corporations of Senate Committee on Foreign Relations, February 5,
1975.
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This was a one-shot affair, linked to the increase in oil
prices, rather than their level, and its impact is reduced as
the ripples subside, and the economy adjusts.

2. Unemployment and recession were deepened and, per-
haps, triggered by the increased price of oil. For the
United States the resultant cut in output was over 3 percent-
age points and the rise in unemployment, over one percentage
point in 1974. a/

The increased price paid to foreigners is analagous to
an excise tax, reducing domestic purchasing power, with only
part of the "tax" returning to the Income stream as OPEC
countries increase their purchases of goods and services.

This, too, can be a one-shot affair. The impact of the
higher price on unemployment and output b/ can be offset by
expansionary domestic policies and by in'creased exports to
the oil producers..

3. Balance-of-payments problems are posed for almost all
the oil importing countries. OPEC countries ran cash surpluses
of roughly $66 billion in 1974, c/ compared to $6 billion in 1973.
This phenomenal increase imp-lies equivalent deficits in the
rest of the world and serious problems for a number of countries.

These problems are being met in part by market forces,
international cooperation and increased aid by OPEC countries.
Nevertheless, the balance-of-payments problem remains critical
for many developing countries and unless more effective action
is taken, the World Bank foresees "virtually no increase in
per capita income levels of the poorest countries.., over
the remainder of the decade. " d/

For the developed countries as a group, the balance-
of -payments problem is self liquidating and, consequently,
relatively unimportant. The OPEC countries have only
two choices of what to do with their increased earnings.

a/ George Perry, "The Petroleum Crisis and the U. S. Economy."
B9rookings Institution, November 1974.

b/ But not on real income which is reduced by the higher oil
price, as shown in section 4, below.

c/ First National City Bank, "Monthly Economic Letter," June 1975. C
'Mhe surplus for 1975 is estimated at $36 billion.

di "Prospects for the Developing Countries, " Report No. 477, July 8,
TD74. International Bank for Reconstruction and Development. p. 60.
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They can be used to buy goods and services or they can
be left as investments, short-term or long-term, in
the oil-importing countries, primarily the industrial
countries. There is no alternative. Thus, for the
industrial countries as a group there is no balance-of-
payments problem.

A balance-of-payments problem for an oil-importing
country arises when its oil deficit is not offset by increased
receipts from the oil exporters. But, for each such overall
deficit, there must be a corresponding surplus in another
industrial country (or group of countries). These deficits
can be and, indeed, are being largely offset by movements
of funds among the industrial countries it response to changed
monetary conditions, investment opportunities or cooperative
action by governments and central banks.

4. Redistribution of world income. Perhaps the most
persistent impact of the increase in world oil prices is
that it is redistributing income from oil consumers to
producers' The price increases of 1973-74 are causing a
transfer of 2 percent of the current gross national product of
the industrial countries to the oil exporters. a/

This is a very large sum, approached in modern times
only by early Marshall Plan aid to Europe in the immediate
period following World War IL.

The redistribution of income is not necessarily "bad."
Outside of the Persian Gulf countries -- whose per capita in-
comes are now astronomical -- the other oil exporters have
incomes which are quite low. Indeed, on the average, by
1980 per capita incomes of aU. OPEC countries will be roughly
$600 per year, compared to over $5000 for the industrial
(or OECD) countries. Thus, discounting from the unprecedented
shock (and cost) to the world economy of the abrupt rise in energy
prices, and the excessive increase in income of the Persian
Gulf, the shift of income from the industrial countries to
the OPEC countries as a group cannot be condemned out of
hand. However, a good part of the redistribution of income
is at the expense of the poorest people of the world -- the
one billion people of South Asia, Tropical Africa and Central
America who have per capita incomes averaging $200 or less
per year.

at Hollls Chenery, "Restructuring the World Economy," Foreign
Affairs, January 1975, p. 254. If the price of oil rises no aster
Min-re general level of prices, the percent of world income being

transferred will decline as gross national products rise.
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5. Reduction in U.S. and world income. The rise in oil
prices is not only transferring income to OEC countries from
the rest of the world, it is also reducing the total level of
world income. This reduction is the result of not using
low-cost Middle East oil but making large-scale investments
for the production and conservation of energy in the U. S. and
elsewhere. These are real costs to these countries and,
indeed, the world at large.

The OECD estimates these costs at over one percent of
1980 GNP, a/ not an insignificant amount. Project Independence C
(page 320) iuiggests a similar cost.

There are two points to be made about these estimates.
First, they are exceedingly rough. Second, over the long-
term, as the world's oil reserves are depleted, a good part
of these costs would have to be incurred anyway so that the
total additional cost over time may not be very significant.

6. The changed balance of power. If the present price of
oil (relative to other prices) persists, the share of the OPEC
nations in world GNP may rise from 2 percent in 1973 to
4 percent in 1980. By itself, this does not suggest any dramatic
change in the balance of economic power. The United States
will remain the only economic superpower with over one-fourth
of world GNP. b/

But, the rapid accumulation of large sums of liquid assets
by a few OPE.C countries has raised the fear that these sums
can be used for mischievous purposes. While the estimates
vary considerably, and recently have been sharply reduced,
the important fact is that the amounts available to a number
of Persian Gulf countries are now huge, growing and likely C
to be significant through the end of the decade. What are
these fears and are they justified?

-- Can these funds create havoc in or disrupt the world
financial markets? The motivation for disruptive acts
seems smaji. Moreover, the International Monetary Fund
plus cooperation of national central banks are strong defenses c
against such disruptions.

-- Can the funds be used to buy up and control corporations
in the United States and elsewhere? Fears about foreign
investment seem exaggerated. Such investment would add

a/ "Energy Prospects to 1985, " OECD,. Paris, 1974, p. 14. C

b/ See "U. S. Policy in a Changing World EconomK: Foreign Economic
Policies for the Second Half of the Seventies, by Alfred Reifman
Library of Congress, Congressional Research Service, November 11. 1974.

C
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to the real capital America and its workers have at their disposal.
Fear of foreign domination of the economy normally overlooks
a number of practical realities. Foreign companies are subject
to U.S. laws, U.S. antitrust policy. U.S. taxes; they must
bargain with American labor; their properties can be nationalized
or controlled. And even if a very high estimate of possible
OPEC investments in the U.S. is assumed, it would amount to
3. 6 percent of U.S. financial assets by 1980, and probably much
less. a/

-- Could the available funds be used to support "other OPECIs,a
cartels in other commodities? This is certainly a possibility.
given the growing political cohesion of the Third World. How-
ever, the feasibility of "other OPECS"" seems small.

7. Summary of costs of high oil prices. The increase in
oil prices in particular and energy prices in general has
been costly. Not only has it accelerated inflation, but it
has probably been the immediate cause of the current
recession. However, timely, countercyclical government
policies could have offset much of the cost in unemployment.

For the industrial countries, the other economic costs
have been minor. The transfer of real income to the oil
exporters is just beginning as their imports rise. This
imposes a small though manageable burden on the developed
countries. The balance-of-payments deficits, though of
unprecedented size, have not resulted in any serious problems.
Real problems, however, have been raised for most of the
poorest developing countries.

The problems are due less to the level of energy prices - -
in real terms they are now about the same as they were in
193U b5 -- but almost entirely to the abruptness or their increase.

-"as--this which triggered the recession and contributed to
inflation. Had the cost of energy risen gradually (at the same
pace or even at a moderately faster rate than other prices,)
the U. S. and the world economy would have adjusted easily
to the current level of oil prices; there would be no ene•rgy
"crisis" today. c/

a/ "The Oil Transfer Problem and International Economic Stability,"
Thomas Willett, Department of the Treasury, p. 15.

b/ Edward J. Mitchell, "The Energy Dilemma: Which Way Out?"
American Enterprise Institute, Washington, D. C.. June 1975. p. 2.

c/ Aside from the. political threat of embargo.
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B. The Outlook for World.OJl Prices and the Financial Position
of OPEC.

In May 1975. the Shah of Iran and a high U. S. Treasury official C
predicted a further increase in the world price of oil before the year is
out. The forces making for another price increase are strong. The world
will be recovering from a recession, current high oil prices have yet to
have their full effect on energy output and demand in oil-importing
countries, and production of the oil-exporters has been cut, and can
continue to be restrained well below capacity rates.

But, over time, it is reasonable to expect that normal economic
forces will keep oil prices from rising and may actually bring them
down (in real terms, i. e., compared to the general level of prices).
Indeed, this is the forecast (or implication) of much recent research. a/

Each of these estimates depends on a variety of assumptions
on the reaction of consumers to higher prices, the growth of non-OPEC
oil supplies, the speed and degree of the shift to coal and nuclear
energy, the reaction of OPEC countries. The assumptions differ, as
do the methods used. But much of the results are in the same general
direction and reflected in the title of Citibank's article on the subject:
"Why OPEC's Rocket Will Lose Its Thrust."

The bulk of the estimates project:

-- a steady increase in non-OPEC production of oil;

-- a slow rise in the world demand for oil;

-- consequently, an even slower rise in the demand for
oil from OPEC sources and, in the early 1980's, a
stable or declining demand for OPEC oil; C

increased balance-of-payments deficits for OPEC
countries to pay for ambitious economic programs.

As a result of these factors, some observers conclude that there will
be increased pressure to expand OPEC oil production with a consequent
fanl in the price. Some date the decline at 1977, others in the 1980's. c

a/ 1. First National City Bank, Monthly Economic Letter. "Why OPEC's
Rocket Will Lose Its Thrust," June 1975.

2. Irving Trust Co., "Outlook for World Oil: Prices and Petrodollars,"
by Arnold E. Safer and Anne Parket Mills, New York, March 20, 1975.

3. Morgan Guaranty Bank, "World Financial Markets, " January 21, 1975.
4. Edward Fried in Chapter 13 and 14 of Energy and U. S. Foreign C

Policy edited by Joseph Yager and Eleanor Steinberg (BaJlinger Publishing
'C. ambridge. Mass.), 1974.

5. The OECD, "Energy Prospects to 1985," Paris. 1974.
6. Bohi and Russell, Op. cit.
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a/ bl
These new forecasts.- contested notably by Walter J. Levy,

an oil economist, is in marked contrast to the catastrophic forecasts made
by many of the same authors a year or less earlier. The present optimism
has come from the drop in OPEC oil exports in 1975 (due to the mild
winter, the world economic downturn, and. to an unknown extent,
the high price) and the unexpectedly sharp increase in OPEC imports.
Let us briefly survey the forecasts.

1. Production of oil from non-OPEC sources: In 1974 and 1975
oil production in non-Communist countries outside of OPEC averaged 15
million barrels per day (bd). This is expected to riseby some 6 million
b/d before 1980. In addition, another one million barrels or more per
day are expected to be exported from Communist China to Japan. for a
total. increase in availability of 7 million b/d from non-OPEC sources.

The declining trend in U. S. production is expected to be some-
what more than offset by the start of deliveries of Alaskan oil in 1977
or 1978. By then the North Sea is expected to be producing about 2
million b/d. Elsewhere, increased exploration -- worldwide drilling
was up by 30 to 40 percent in 1974 -- has resulted in promising dis-
coveries in Mexico and other parts of Latin America as well as Asia
and Africa.

After 1980, large amounts of oil are expected to be forth-
coming from the U. S. Outer Continental Shelf and Naval Petroleum
Reserve No. 4 in Alaska.

Non-OPEC countries will probably charge OPEC prices for
their oil. Some may even join OPEC formally. Nevertheless, in-
creased supplies from non-OPEC sources will slow the growth of
demand for OPEC oil and, as a result, put increased pressure on the
cartel and the price.

2. World demand for oil: Estimates of the world demand
for oil vary greatly. Many variables are involved. First, there is
the question of the world demand for energy from all sources. Second,
there is the question of how much coal and other sources of energy
which can be substituted for oil will be produced. Third. there is
the increased conservation and more efficient use of oil forced on
consumers by the high price. Finally, the world demand for oil
will be affected by direct measures taken by governments, particularly
the United States government.

a/ The term "forecast"t is used even though many authors make clear that
Tey are not forecasting. The numbers they use are either "projections"
of what would take place under assumed conditions, "targets" for what
government policy ought to aim atandwhatis feasible or 'assumptions"
as to what seems possible and reasonable.

b/ "Future OPEC Accumulation of Oil Money: A New Look at a
Critical Problem-," Walter J. Levy Consultants Corp., New York.
June 1975.
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Obviously, the question is complex. Only a few of the forecasts
noted earlier have made the necessary analysis of the total world supply
and demand for all sources of energy; instead, they have concentrated
on oil.

The demand for oil is closely related to the growth in economic
activity. In recent years. the demand for oil has increased much
faster than economic activity. In technical terms, the GNP elasticity
of demand for oil has been about 1. 5. According to a recent Central
Intelligence Agency estimate, a/ it might fall as low as 1. 0 as the re-
sult of higher prices and a safiift to coal for many uses. Even before C
the rise in oil prices, the National Petroleum Council had forecast
a sharp decline in the growth of oil consumption in Europe and Japan
for the 1970s. Thus, the CIA minimum figure may not be out of
line.

Even this, however, would yield a rate of growth in demand
for oil of something like 6 percent per year for the next year or C
two as the world economy recovers from its present slump and expands
at above normal growth rates. After 1977, with normal economic
growth in the major industrial powers, the demand for oil and other
forms of energy should moderate. A recent OECD study b/ estimates
that oil at the end-1974 price would cut energy demand tc--3. 8 percent
per year and, within this lower overall figure, shift demand from oil
to other energy sources. Thus, the growth of demand for oil could
be limited to between 3 and 4 percent per year between now and the *1
end of the decade, though positive conservation measures, in addition
to the high price, will undoubtedly be needed for such a forecast to
materialize. Walter J. Levy assumes that the demand for oil will
rise by 3. 6 percent per year from 1973 to 1980.

The above judgments suggest that the world demand for oil
could rise from some 45 million barrels in 1975 to roughly 50 million C
barrels a day in 1977.

The major question is not only one of estimating demand,
'but determining whether a slower growth in the use of oil will limit
economic expansion. Various bits of data c/ suggest that economic
growth will not be slowed, but that there wilrbe a change in the comn-
position of output -- a shift to more investment in the production of
energy and energy-efficient goods and away from other sectors of C
the economy.

a/ "Projected World Oil Demand and OPEC Current Accounts. 1975-77.

M•Iarch 1975, Central Intelligence Agency.

b/ "Energy Prospects to 1985." OECD, Paris, 1974, Volume 1, p. 8. C

c/ For example, Sweden, with roughly the same GNP per capita as
Me United States and a colder climate uses only half the amount of
energy.

C
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3. Demand for oil from OPEC: The rise in non-OPEC
production and theslower increasein tal world demand for oil is ex-
pected by many observers to limit exports from OPEC sources to less
than the quantities of 1973. In 1973, OPEC produced 31 million b/d.
This has dropped to between 26 and 28 million b/d in 1975, largely
as a result of the economic recession and the mild winter. By 1977,
most estimates place the demand for OPEC oil between 28 and 31
million b/d. Estimates for 1980 vary more widely, with the upper
end of the range put at 31 million b/d by the First National City Bank
and Walter J. Levy; others, including Thomas 0. Enders, Assistant
Secretary -of State, a/ estimate that demand for OPEC oil will be below
that achieved in 1977-.

4. Balance-of-payments position of OPEC countries: Most
observers expect that many, if not most, OPEC countries will run
into balance-of-payments problems before 1980. b / Enders expects
deficits in Algeria and Indonesia in 1975, EcuadorTn 1976, Venezuela
in 1977. The First National City Bank differs only slightly on these
countries and would add others as follows: Libya and Iran in 1976.
Iraq in 1977, and Saudi Arabia (sic) and Kuwait in 1980.

c/
In 1974 the World Banf" forecast that in 1980, and in the

prices of that year, the cumulative balance-of-payments surplus (or
total foreign assets) of OPEC countries would be about $650 billion;
recenitly, this forecast has been reduced to between $110 and $400
billion. Other recent forecasts range from a possibility of zero (one
Irving Trust scenario), to less than $200 billion (Citibank and Morgan
Guaranty), and $450 billion (Walter J. Levy). In general, the new
forecasts are markedly below those of a year ago.

The revised view is based on a reappraisal of the volume
and price of OPEC oil exports and, more importantly, on the volume
and price of OPEC imports. OPEC balance -of-payments deficits are
expected to result in large part from a continued strong increase in
their imports. The OPEC countries, especially those in the Middle
East, are committing themselves to long-term and huge investment
projects at home. Workonthese projects is starting and, once started,
so the argument goes, they develop a momentum which is hard to
stop.

a/ Thomas 0. Enders, "OPEC and the Industrial Countries: The Next
"Ten Years. " Foreign Affairs, June 1975.

b/ See previous mentioned sources plus World Bank "Capital Require-
ments of Developing Countries, "April 28. 1975, pages 17-19. These
are summarized in the appendix table.

S/ Op. cit., July 8, 1974.
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Imports of OPEC rose by an amazing 90 percent in value
from 1973 to 1974 and by 40 to 45 percent in volume. a/ The World
Bank balance -of-payments projections arebased on the 'ssumption that C
such a rate of increase cannot be maintained, and that the average
growth in import volume from 1973 to 1980 will be 15. 7 percent per
year. Other forecasts use country plans to make up annual import
estimates. The balance -of-payments forecasts also include an
allowance for earnings of interest and dividends. These are sum-
marized in the appendix table.

5. Critique of Estimates: There are two basic problems with C

the above estimates:

a) First, they are all subject to a wide degree of uncertainty.

For example, the U. S. Geological Survey has recently cut
its estimate of the amount of oil available in the Atlantic Outer Con-
tinental Shelf by 80 percent, and has cut in half its estimate of the C
amount of U. S. domestic oil and gas resources.

The estimates of the growth of imports by OPEC differ partly
because there is no agreement on what OPEC actually imported last
year. Clearly, If the past is uncertain, the future cannot be seen very
clearly, if at all.

The various estimates differ for a variety of other reasons,
primarily differences about the. growth in the volume and price of
OPEC oil exports -- more basically, about what happens to the pro-
duction of and demand for all sources of energy in non-OPEC countries --
and differences about the increase in the volume and price of OPEC
imports. Over several years, seemingly small differences on price --
of OPEC exports and imports -- and on the rate of change in volume
yield a large difference in the end result. In short, a variety of C
reasonable assumptions about OPEC imports and exports can yield
huge differences in estimates of OPEC financial strength between
now and the end of the decade.

b) Second, and more important, is the reaction of the OPEC
countries to their developing situation.

Clearly, if they are running balance -of-payments deficits
and eating up their financial reserves, as the New York banks expect,
the OPEC countries can stretch out their plans. Indeed, the clogging
of ports and internal transportation systems in a number of countries
may well force this to happen soon. And, there is reason to doubt
that the recent large imports of military equipment will continue.

C

a• World Bank, Op. cit., April19. 1975, p. 19.

C
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Moreover, if the New York forecasts are being realized, the
OPEC countries could raise the price of oil. This would require a cut-
back in oil production, but it would yield an increase in their total
earnings from oil.

This situation will persist as long as the demand for OPEC
oil is inelastic with respect to price, and this will hold as long as
the world depends heavily on OPEC oil for its energy.

An attempt to raise the price by further cut-backs in output
would probably raise the question of how the-cutbacks are to be shared
among the various countries. Some countries would resist cutting
back, attempting to maximize their earnings under the umbrella of
restraints exercised by others. There would be a temptation to cheat
on any quota agreement. The result would be increased oil exports
and a fall in price.

This is the usual path for the decline and fall of a cartel.
However, such a development may be long delayed in the case of
oil. So far, no agreement on production cutbacks have been needed.
Each member seems to recognize its interest in keeping output within
limits. Moreover, Saudi Arabia's oil output is so large, actually
and potentially, and the needs of its sparse population so limited, that
it alone could absorb the cuts needed to maintain, if not increase,
the price of oil. The real question is whether Saudi Arabia would
have the will to do so.

Early in 1975, production in Saudi Arabia was roughly 6 million
b/d, a little over half of its capacity. This output could be cut
back further. But, economic and political reasons may inhibit the
willingness of the Saudis to do so:

-- Since oil in the ground a decade hence may well be
worth less than if it were sold today, and the proceeds
invested at home or abroad, a cutback would not merely
defer income, it could mean a permanent loss.

-- ff the Saudis hold the price of oil up they would be
aiding radical governments in Libya and Iraq which
they may be unwilling to do at the expense of the United
States and their own long-term economic position.

In short, the basic problem is less the accuracy of the
economic forecasts discussed above, and more the political will and
desire of Saudi Arabia.
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M. The Major Policy Options

In this situation of uncertainty, it is difficult to formulate
policy. However, certain general principles and major options seem
clear.

A. General:

1. ) The high price of oil, and energy, is not the major problem.
Indeed, as noted earlier, the American consumer is paying no more C
for energy, after account is taken of general inflation, than he did
in 1950.

The major economic threat inherent in the OPEC cartel
(outside of that of embargo, discussed earlier) is the possibility of
an abrupt price increase. This could be costly. But the level of
prices -- certainly the current level -- poses no difficult obstacle
to U. S. economic growth and affluence.

If the price increases of 1973 -74 had come about gradually.
adjustments would have been made gradually, and the country would
not be concerned with an energy crisis today.

Nevertheless, since OPEC still has considerable power to
disrupt our economy and, in effect, to levy taxes on the country.
measures to conserve energy and increase its supply in reliable
areas are in order. These measures may be necessary. But, to
repeat, as the world economy adjusts to the shock of the rapid in-
crease in oil prices, the continuing cost of the high price is manage-
able, and not a cause for draconian measures.

2. ) The immediate danger to be guarded against is that
the policies devised by the U. S. government to deal with the problem
of OPEC and high energy prices may impose a greater cost on the
economy than OPEC actions are causing or threatening to cause.
This problem is considered in B, below.

3. ) There are three basic approaches to deal with the high
price of energy: a/ c

-- First. let market forces (price) act to reduce
consumption and increase production.

a/ This division of policy options follows the one set out in "Setting
National Priorities, The 1976 Budget", by Barry M. Blechman, C
Edward M. Gramlich, and Robert W. Hartman, Brookings. 1975.

C0
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-- Second, take direct government action. Some of
these, such as the imposition of excise taxes or import
duties would work through the market; others would be
direct controls such as rationing, and specific instructions
to industry on the use of energy.

-- Third, take measures to alter the structure of the

petroleum industry.

B. The Use of Market Forces

Conventional economists (and the Administration) argue that
the cure for high prices is high prices. As the price of a commodity
rises, consumption is reduced and production stimulated.

In the case of energy, a number of studies confirm that this
would indeed be the case. More specifically, a recent OECD study a/
says:

"If there is no substantial change in the real prices of
imported crude oil from their end-1974 level, then:
- - the overall energy consumption would grow at an
annual rate of 3-1/2 - 4 percent up to 1985 compared
to the 5 percent expected prior to the recent large in-
crease in oil price;
- - the OECD area would produce almost 80 percent
of its energy requirements by 1985; this proportion was
previously expected to decline to 55 percent (from
65 percent in 1972);
-- the share of oil in total energy consumption would
fall from 55 percent to around or below 45 percent by
1985;
-- as a result of reduced growth in overall energy
consumption and higher indigenous production of oil
and other forms of energy, OECD oil imports would
be considerably below present levels, particularly
after 1980."

This analysis is based on the assumption that governments do
nothing directly to affect the production and use of energy but let the
price rise to the late 1974 level.

The policy of the Administration is based heavily on such
conventional economic wisdom. The Administration has levied a $2
import fee on each barrel of oil imported, has recommended the
decontrol of the price regulation of domestic "old" oil and natural
gas. In addition, OPEC nations may well increase the price of
imported oil further in October. All of these increases in the cost

a/ "Energy Prospects to1985." December 1974, Paris, p. 3.
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of natural gas and oil, imported as well as domestic, would be reflected
in increased cost of other energy resources, though at a slower rate
partly because of long-term contracts. C

The use of the market has a number of advantages and
disadvantages. The advantages are suggested by the OECD forecast.
The disadvantages are equally clear. The increased price, whether
imposed by OPEC or domestic measures of decontrol and taxation,
would slow economic recovery, stop the expected decline in unem-
ployment, per aps increase it. and contribute to inflation. Yet, C
despite these heavy costs the reduction in energy consumption and
the increase in output would materialize only slowly with time.

1. Reduced economic growth and increased unemployment.

Increased prices of "old" oil by itself would tend to raise
the price of intrastate sales of natural gas and coal, which are sub-
stitutes for oil. Further increases would take place if the price of C
OPEC oil were raised and controls on the price of natural gas sold
in interstate commerce relaxed. The result would be a reduction in
economic growth and an increase in unemployment beyond what other-
wise would have occurred if government policies do. not offset the
deflationary impact of the price rises.

The deflationary impact comes from three sources. First,
the increase in OPEC prices would transfer purchasing power from
the United States to OPEC countries. Second, the increase in U. S.
taxes, import fees, and prices of domestic fuel would yield higher tax
revenues for the government. If this does not result in an immediate
increase in government expenditures, the result would be a net reduc-
tion in purchasing power and a deflationary impact on the economy.
Similarly, the third impact comes in the transfer of purchasing power
from the consumer to the companies producing energy in the United C
States. To the extent that they do not use their funds for increased
investment, the result is an additional reduction in total purchasing
power.

A number of recent estimates have been made of the impact
of higher fuel prices on the U. S. economy. They cannot be compared
directly because their assumptions differ. Yet the general trend is
the same:

a/
a.) The Congressional Budget Office-(CBO) assumes

continuation of the $2 per barrel duty on imported crude oil, decontrol
of "old" oil over a two-year period, and a $2.25 rise in the OPEC
price. It estimates that these factors would cost the American con-
sumer about $40 billion, almost twice as much as the increase pro-
vided by the recent tax cut. The result would be a depressing effect

a/ "Inflation and Unemployment, A Report on the Economy, June 30,
Bh75, pp. 69-73.

C
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equal to the 1973 embargo and an increase in unemployment of one-
half percentage point by the end of 1976.

b. ) Using similar assumptions, the Joint Economic Committee
in its report of July 10, 1974. gets similar results in terms of the cut
in purchasing power and the rise in unemployment. It estimates that by
the end of 1976 the growth of real GNP would be cut by roughly 2 per-
centage points, and unemployment increased by less than one-half
percentage point. at

c. ) The Congressional Research Service (CRS) with similar
assumptions estimates that the cut in te real .rate of economic growth
would be higher -- 4 percentage points, and unemployment would rise
by more than one-half percentage point by the end of 1976.

b/
d. ) Brookings- using somewhat different assumptions, notably

a marked increase in the price of natural gas, concludes that some $30
billion would be drained from consumer purchasing power.

2. Renewed inflation.

All of the forecasts conclude that there would be a significant
rise in prices as a result of the deregulation of "old" old and a modest
rise in the cost of OPEC oil.

The impact would be both direct and indirect. First, an increase
in the price of oil would be passed on, sooner or later, to other energy
products which can be substituted for oil. Second, these prices enter
into the cost of other commodities and the various price indexes. Finally,
many wage contracts are tied to these price indexes so that an increase
in the price of energy will eventually be translated into an increase
in wages and another inflationary round.

In its report, the CBO notes that the rule of thumb is that
for each $1 increase in the domestic price of oil, the GNP deflator --
the overall price index for the entire economy -- will rise by one-half
of one percentage point. Thus. if oil rises by $5. 50 a barrel, the
GNP deflator would rise by 2.75 percentage points. The same general
results come from the three other studies as well.

a/ "The Impact of Crude C(l Prices on the U.S. Economy, "by Warren E.
Parb and Lawrence Kumins, July 10, 1975.

b/ "Setting National Priorities, The 1976 Budget, " by Barry M.
Mlechman, Edward M. Gramlich, Robert W. Hartman, 1975. p. 156.
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3..) Impact on supply and consumption of oil.

Despite the depressant effect which a rapid decontrol of old
oil prices and a modest rise in OPEC prices would have on the U. S.
economy, the positive results would be slow in coming.

Finding oil and bringing it and other sources of energy into
commercial production takes several years:

-- It takes 4 to 5 years to open new coal fields, 1 to 4
years to bring a new oil field into production, and 8 to
10 years to plan and build a nuclear energy plant.

-- Current prices have already given such a large
impetus to oil exploration and production that the bottle-
necks are less price and more shortages of equipment
and manpower.

-- Finally, price controls are not as restrictive as they
may seem. While controls hold the price of "old" oil
at $5. 25 a barrel, and "new" oil is roughly $13 a barrel,
for each barrel of new oil one of old oil is rnleased from
price control. Thus, the marginal return to a U. S.
producer of a barrel of new oil is over $20 a barrel --

the $13 market price plus the difference between it and
the controlled price for old oil.

Similarly, the impact of a higher price on consumption of
energy takes time to have a major effect. Substitutes must be found
and life-styles altered. Since the price increases being considered
would not be applied selectively to those areas where consumption can
most readily be cut, a significant reduction in overall consumption C
will be long in coming.

The argument for removing price controls over "old" oil is
straightforward. A higher price is needed because costs of production --
for secondary and tertiary recovery of oil from existing wells -- rise
with time. Moreover, increased oil prices would act to depress con-
sumption.

Recognizing that it will take considerable time before the
increased price of old oil will yield results in terms of increased
production, the Administration also favors a windfall profits tax (which
would decline over time) to prevent the higher price from resulting in
profits which yield little or no increase in investment. To the extent
that these profits are plowed back into investment in the industry, they
would not be taxed.

Serious questions can be raised about the Administration's
decontrol program:

C
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Should the decontrol of old oil take place over a 2-1/2 year period,
as proposed by the Administration on July 15, 1975 ? In addition to the
adverse impact on the economy, discussed earlier, a 2-1/2 year price
decontrol program could have a perverse effect on U.S. oil production.
It would result in a price increase averaging 43 percent per year. Such
a rapid price increase would make it exceedingly profitable for companies
to slow down production of old oil, borrow, if necessary, to cover any
expenses they may have, and yet earn a gross rate of return of 43 per-
cent on the old oil not produced in each year.

Clearly, if old oil is to be decontrolled gradually, the increase
in price per year ought to be less than the returns on alternate invest-
ments, or the costs of borrowing. Otherwise, there will be a real
inducement for producers not to produce oil which will be much more
profitable in the near future than in the present.

Should there be a ploughback provision? The ploughbadk pro-
vision -- reducing taxes by the amount of investment made by the oil
companies -- is a "tax expenditure." The country as a whole would
be financing oil investment. An economist might argue against this
because the full cost ought to be borne by the users of the investment
and its product, encouraging non-wasteful use, and current energy
prices are high enough to attract an adequate amount of investment.

4. ) Alternative use of price mechanism.

The clear adverse effect on the overall economy of using the
market mechanism to meet our current energy problem and the meager-
ness of the immediate results suggests two alternatives:

First, the adverse impact of the increase in prices (including
taxes) on purchasing power be offset by government action reducing the
general level of taxation, increasing federal expenditures or easing
monetary conditions.

Second, increases in prices (or taxes) be introduced slowly.
This would avoid sharp adverse repercussions on the economy. And,
it would not inhibit the production of oil from existing facilities, invest-
ment in new productive facilities, and shifts required to reduce the
demand for energy.

It takes consumers and producers considerable time to adjust
to changes inthe price of energy. Their expectations about future prices
are more important than the level of current prices. Thus, a slow, but
clearly defined, price decontrol program would probably yield virtually
the same beneficial results in terms of consumption and production
as rapid decontrol, and the several depressing effects could be avoided
or more easily absorbed.

A combination of the two alternatives might be appropriate --
some immediate price rises coupled with expansionary fiscal policy,
and an announced program of future price increases to take place over
a period of years.
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C. Other Government Measures -- Direct Controls. Taxes, Import
Duties and Quotas C

A number of specific government measures to conserve fuel
and to increase supply are being considered.

Reducing energy consumption has as much impact on the world
price of oil as an equivalent increase in energy output. Moreover,
conservation has a number of advantages over increased output: C

-- A reduction in consumption can be achieved more quickly
than an equal increase in output. As noted earlier. a
number of years are required to open new coal fields, to
bring a new oil field into production, and to build a nuclear
energy plant. A limited, though significant, cut in energy
consumption can be achieved more quickly than an equal C
expansion in output.

-- Conservation prolongs the lifetime of available energy
resources; production has the opposite effect.

-- Conservation has positive environmental effects in
contrast to increased production. Indeed, serious questions
have been raised about the environmental threats of exploiting
the Outer Continental Shelf and sharply increasing the output
of nuclear power.

-- Conservation, up to a point, costs less than the cost of
producing an equal amount of energy.

These reasons argue for putting major emphasis on the conservation of C
energy.

There are a number of bills in the Congress designed to conserve
energy. Increased use of electricity generated by coal and nuclear power
would conserve oil. This would require changes in laws protecting the
environment. There are other proposals as well. But, probably most
important, are measures to reduce the consumption of gasoline in the C
United States.

The rise in the cost of oil is likely to induce significant savings
in its use by industry. It can economize on the use of all energy and
shift to fuels other than oil. But, the ability to switch out of gasoline
as the prime source of energy into coal, natural gas or nuclear fuels is
extremely limited in the transportation sector in marked contrast to
Industry. Gasoline accounts for one -quarter of U. S. consumption of all C
mergy. If, there is to be significant savings in the use of energy without
tdversely affecting economic output, gasoline consumption will undoubtedly
iave to be cut.

C0
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These reasons lay behind the original proposals in the Ways
and Means bill (H. R. 6860), to impose a tax on gasoline and to tax
automobiles which do not meet standards for gasoline consumption.
However, these proposals pose three major problems:

-- one, each one cent tax would increase revenues by one
billion dollars and, thereby, act as an additional drag on
a country in a business recession; for this reason the
original Ways and Means bill would return most of the
tax to. consumers;

-- two, the major impact of the proposals would be felt only
slowly, as the stock of automobiles changes to include
more cars with gasoline-efficient engines, as more public
transport becomes available and U. S. life-styles change;
partly for these reasons the Ways and Means bill provided
for a gradual increase in taxes on gasoline and gasoline-
inefficient automobiles.

-- three, adequate conservation might be achieved if the
consumer price rose to reflect more fully the cost of oil
with the proposed reduction in price controls over "old"
oil.

In additionto taxes on gasoline and gas-inefficient automobiles,
government standards and regulations can achieve economies. In late
1974 the Administration got the agreement of the major domestic auto-
mobile producers for a 40 percent increase in fuel efficiency by 1980.
Several bills before the Congress would impose higher standards on
automobiles as well as provide tax incentives for other means of saving
fuel.

Cutting down on oil imports, either by a tariff or a quota,
would limit supplies available at home, raise all energy prices, and,
thereby, stimulate energy production and retard the growth of energy
consumption.

The basic difference between tariffs and quotas is simple --
with tariffs one can be certain of the effect on price and less certain
of the effect on imports; with quotas the certainties are reversed,
i. e.. one can be fairly sure of the amount which will be imported and
uncertain as to its impact on price. But, both affect the quantity
imported and the price. Tariffs, however, leave more flexibility for
imports to expand to meet the needs of an expanding economy.

There are a number of questions about cutting down on imports
directly:

1. Is it necessary, given the current high price of energy
and higher prospective prices?

2. Is it necessary, if there are other government policies
to restrain total demand?
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3. Will it be effective in increasing output, given the
current high prices for energy or will an import tariff or
quota merely raise windfall profits for U. S. energy pro-
ducers, domestic producers of oil, coal and natural gas sold
in intrastate commerce?

4. Is it necessary because multinational oil companies
may prefer to import from abroad, liquidating their in-
secure investments rather than use their secure sources
at home? Will the multinationals prefer to import even
though the marginal return of new production at home
yields some $20 per barrel, as noted earlier?

5. Finally, is it too costly? A two dollar import charge --
or an import quota with the equivalent impact on price --
raises the domestic price of coal and natural gas sold in
intrastate commerce as wellas non-price-controlled oil.
The cost on oil alone could reach $12 billion per year
(rising to $18 to $20billion, if all secondary effects were
considered), with $4. 6 billion going directly to the govern-
ment as tariff revenue and the remainder going to profits.
All would come out of the consumer and would be a major
shock to, and drag on, an economy in the midst of the
deepest recession since the Great Depression.

C
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D. Changes in the structure of the oil industry

With advent of the oil embargo and the sharp increase in the
price of OPEC oil, there have been a number of suggestions for
changing institutional arrangements to undercut the cartel and bring
down the price of oil.

One such proposal was made by Professor M. A. Adelman.
He has proposed that the U.S. Government take over the importa-
tion of oil, assigning import quotas on the basis of sealed bids.
The point would be to encourage OPEC exporters to undercut the
price anonymously so that they could get a larger share of the
American market.

Some observers have even gone farther than Adelrnan. They
have suggested that the multinational oil firms be required to divest
themselves either of their foreign or their domestic operations.
Unless this were done, it is argued, the corporations would be
ambivalent about searching for the lowest-cost supplier. A large
multinational oil company not only has interest in its domestic
operations but in maintaining its foreign operations as well. In
order to protect their interest abroad, the multinationals may operate
in a way which is detrimental to the U. S.. interest in getting lower
cost energy. Forcing a breakup of the large multinationals into
domestic and foreign operations could increase competition.

Finally. it has been proposed that the U.S. government itself
introduce competition into the energy industry by creating a public
corporation to search for and produce oil. Britain has done this
and the Tennessee Valley Authority in the United States has had a
similar function in the production of hydropower.

However well motivated the above suggestions may be, they
do little to affect the basic supply-demand relationships. Unless
this happens, OPEC together, or Saudi Arabia alone. has considerable
leeway to set production and, consequently, determine the price for
oil.

There are a host of other proposals for government financed
research and development and government price guarantees for the
production of energy from new sources and processes. Such pro-
posals need to be studied to meet the long-range problem. While
such policies would do little to affect the supply and demand for energy
in the next 5 to 10 years, if they are to be effective at all, progress on
them will have to be made soon.
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V. Policy Toward OPEC: Confrontation or Cooperation

C
What should be the U.S. attitude toward OPEC? This question

was raised dramatically when the Undersecretary of State for Economic
Affairs publicly contradicted his Assistant Secretary for stating that
the U. S. objective was to break-up OPEC.

A break-up of OPEC, if perceived by the developing countries
as engineered by the United States, whether correctly or not -- would C
not necessarily be in the U. S. interest. It would look as though the
U.S. was using its power to thwart "legitimate" economic aspirations
of the Third World. The result could be further disillusionment with
U. S. leadership with no diminution in attempts to form other OPECs.
Even if such attempts were unsuccessful, serious economic disloca-
tions and disruptions could develop.

Moreover, U. S. objectives in the energy field do not require C
the break-up of OPEC, even if it were possible to do so. The United
States wants an assured supply of petroleum at a reasonable and fairly
stable price. "W=ile a reasonable price might be well below current
levels, this is less important than that the price'not be subject to the
sharp increases of 1973-74.

Cooperation, on the other hand, does not mean a commodity
agreement on oil. At the moment one would be difficult to negotiate
and could probably be negotiated only at a high price which would be
costly to the United States and other oil-importers.

Cooperation with OPEC is as much a matter of style as it is
of substance. On substance we are cooperating. We are supplying
goods, skilled manpower, technical services to OPEC countries. We C
are accepting their investments, both liquid and long-term.

We need to continue to do so. Indeed, if OPEC investments,
at home and abroad, are sufficiently remunerative, OPEC countries
may well decide that oil in the ground is less valuable than oil sold
and the revenues invested. For this and the economic reasons mentioned
earlier, it is in the U. S. interest to encourage OPEC investment. C

Attempts to bargain with OPEC by organizing counter-cartels
for exports of food, military equipment and capital equipment are
doomed to fail because cooperation of the other industrial powers would
be lacking and, if not, the Soviet Union would be able and willing to
replace "Western" exports.

There may be specific help the U.S. Government could give C
the OPEC countries, but this is less. important than the style we use
in talking about our common problems or, more specifically, our
love-hate attitude toward their potential investments in this country
and our expressed feeling that OPEC may act to disrupt the world
economy.

C
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The major oil exporters -- especially Saudi Arabia -- have
many interests in common with the United States. As conservative
regimes they are and-communist and want to preseve the existing
political order. They also have similar economic objectives. They
have no interest in disrupting the world economy. They do want
access to our market, supplies and technology. They do need outlets
for their surplus funds. And, they would like to tilt the economic
order more to benefit the disadvantaged countries, an objective which
the U.S. has always supported in principle if not always in action.

From all of this it would appear that the United States, which has
many similar objectives. may not need to make many substantive changes
to be able to work cooperatively with many of the major oil exporters.
OQe change that would be necessary is in the style with which we
defend our interests.

We have much to gain from cooperation. Specifically, in the
short-run the demand for and supply of oil is inelastic with respect
to price -- a rise in price would affect supply and demand only after
a considerable time lag and at considerable cost in economic disruption
and uneconomic investment. In an atmosphere of hostility, or confron-
tation, the oil exporters might well take a short-run view of their situa -
tion, and, to avoid the decline in oil revenues forecast by many,
they might well raise oil prices and cut production rather than increase
output. In the long-run they would be hurt as we made adjustments to
do without their oil. But, it would be a Pyrrhic victory with heavy
costs imposed on both the oil importers and exporters.
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The major oil exporters -- especially Saudi Arabia -- have
many interests in common with the United States. As conservative
regimes they are anti-communist and want to preseve th- existing C
political order. They also have similar economic objectives. They
have no interest in disrupting the world economy. They do want
access to our market, supplies and technology. They do need outlets
for their surplus funds. And, they would like to tilt the economic
order more to benefit the disadvantaged countries, an objective which
the U. S. has always supported in principle if not always in action.

From all of this it would appear that.the United States, which has C
many similar objectives, may not need to make many substantive changes
to be able to work cooperatively with many of the major oil exporters.
One change that would be necessary is in the style with which we
defend our interests.

We have much to gain from cooperation. Specifically, in the
short-run the demand for and supply of oil is inelastic with respect
to price -- a rise In price would affect supply and demand only after
a considerable time lag and at considerable cost In economic disruption
and uneconomic investment. In an atmosphere of hostility, or confron-
tation, the oil exporters might well take a short-run view of their situa-
tion, and, to avoid the decline in oil revenues forecast by many,
they might well raise oil prices and cut production rather than increase
output. In the long-run they would be hurt as we made adjustments to
do without their oil. But, it would be a Pyrrhic victory with heavy C
costs imposed on both the oil importers and exporters.

C
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OPEC CURRENT ACCOUNT ESTIMATES
(Billions of Current US $)

1974 1975 1976 1977 1978 1979 1980

OPEC oil exports (QMB/D)
Enders
W. J. Levy
Morgan Guaranty A/
Irving Trust bl
Citibank
CIA

Per barrel revenues ($/B)
W. J. Levy
Morgan Guaranty a/
Irving Trust c/

- Prices rise
- Prices break

Citibank c/
CIA

OPEC total oil revenues
IBRD
Enders
W. J. Levy
Morgan Guaranty
Irving Trust e/

- Prices rise
- Prices break

Citibank
CIA

27.0
26.5

31.0
30.0 31.529.6

29.6
30.5
30.0
29.2

32.5

24.7
29.0

25.0
32.5 31.5

29.6
24.7 24.7
30.0 31.0

23.6

28.6 27.3 24.7
26.0 27.0 28.0
26.1 27.7 29.3

9.72
9.72

9.40
9.40

11. 40
10.68

10.00 11.20 12.00 12.80 13.70 14.65
13.25

11.00
11.00
11.30
10.89

12.00
12.00
11.80
11.73

12.87
10.00
11.20
"12.35

13.74
9.00

10.70

14.70
8.00
9.90

15.72
7.00
9.10

d/
95.0

105.0

108.0
108.0
126.0
113.9

105.1 d/
93.0

110.0

119.0
119.0
107.0
103.8

148.8
123.0 138.0
119.0 125.0

185.1

152.0 162.0 168.0
128.0 135.0 143.0

Non-oil exports f/
IBRD
W. J. Levy
Morgan Guaranty
Irving Trust
CIA

Imports (Goods and Services)
IBRD (Goods only)
W. J. Levy
Morgan Guaranty
Irving Trust &/
Citibank hi
CIA
CIA (goods only)

7.0
7.0

12.0
5.9

45.0
50.0
57.0
65.0
48.9
35.5

6.1
8.0
8.0

14.0.
7.1

58.4
58.0
65.0
76.0
79.0
70.8
54.0

120.0
120.0
116.0
118.7

10.0
10.0
17.0

8.5

71.0
83.0
98.0
92.0
89.5
68.7

116.0
90.0

114.0
131.9

12.0
12.0
21.0
10.5

88.0
108.0
119.0
105.0
108.7

84.4

124.0
81.0

313.0

14.0
14.0
25.0
12.9

108.0
138.0
144.0
118.0

132.0
72.0

108.0

21.0
16.0 19.0
16.0 19.0
30.0 36.0

141.0
63.0

103.0

133.0
177.0
176.0
131.0

160.6
164.0
227.0
215.0
146.0

61-173 0 - 75 . 14



C

*C190

-28-

C
1974 1975 1976 . 1977 1978 1979 1980

lavestment Income
W. J. Levy
Morgan Guaranty
Irving Trust

- Prices rise
- Prices break

CIA

;rant Aid
9. Jj Levy
Morgan Guaranty
Citibank J/
CIA

PEC Current Account
IBRD
Enders
W. J. Levy
Morgan Guaranty
Irving Trust

- Prices rise
- Prices break

Citibank
CIA

3.0 7.0 11.0 16.0 21.0 26.0 30.0
3.0 8.0 13.0 16.0 19.0 19.0 16.0

2.0 7.0 12.0 16.0
2.0 7.0 12.0 16.0
4.1 7.7 11.2 14.8

2.0
2.0
4.0
4.2

3.0
3.0
6.0
2.7

(cash basis)
47.2
56.0

58.0 47.0
63.0 57.0

4.0
3.0
5.0
2.2.

61.0
69.0
54.0

51.0

51.0
37.0
46.7

5.0
3.0
3.0
2.1

19.0 21.0 21.0
17.0 15.0 10.0

6.0 6.0 6.0
3.0 3.0 3.0
3.0 3.0 3.0

47.9

73.0 65.0 47.0
17.0 -13.0 -56.0

C

C

64,7
73.0
40.0

34.0
8.0

30.0
46.3

65.0
65.0
66.0
56.8

64.0
64.0
36.0
45.1

24.0
-21.0

19.0

7.0
-59.0

8.0

PEC Cumulative Surplus (end
of period)

IBRD J./
Enders
W. J. Levy
Morgan Guaranty
Irving Trust

-Prices rise
- Prices break

Citibank JJ
CIA

62.4 131.5

-17.0
-106.0

- 7.0

k/
403
337.0
449 . 0
179.0

248.0
22.0

189.0

75.0 122.0 191.0
80.0 137.0 191.0

85.0 149.0 200.0
85.0 149.0 200.0
66.0 102.0 139.0
83.1

264.0 337.0
231.0 248.0

234.0 258.0
208.0 187.0
169.0 188.0

402.0
235.0

265.0
128.0
196.0

C

C

Pte: Citibank figures are for its "central scenario."

Morgan Guaranty export volumes and per-barrel revenues for 1975-1979 not
available.
Irving Trust assumes same export volumes in their Case A (rising prices)
and Case B (price break in 1977).
Data for Irving Trust and Citibank are prices rather than per-barrel
government revenues.
Actual cash receipts. Assumes a payments lag of $10 billion in 1974 and
a further $4 billion Ln 1975. with a payments lag of $14 billion remaining
constant thereafter.

C
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e/ Data fnr Irving Trust and Citibank are total value of oil exports rather
than total government oil revenues.

f/ Data for non-oil exports and investment income are not shown separately
in the Citibank scenario.

* / For Irving Trust, imports are net merchandise imports plus net services
excluding interest. Assumed to be the same for both Cases A and B.

h/ Citibank imports of goods and services include foreign oil-company profits.
i/ Citibank data are "transfers."
J/ Excludes pre-1974 accumulation.
k/ IBRD notes that minor changes in assumptions could change 1980 cumulative

surplus from $400 billion to $200 billion.

Sources:
1) Morgan Guaranty - World Financial Markets, January 21, 1975.
2) Irving Trust - The Economic Viev from One Wall Street, March 20, 1975.
3) First National City Bank (Citibank) - Monthly Economic Letter, June 1975.
4) W. J. Levy Consultants Corp. - Future OPEC Accumulation of Oil Honey:

A New Look at a Critical Problem, June 1975. This report sumarizes the
estimates of the above three reports.

5) Enders -"OPEC and the Industrial Countries: The Next Ten Years," Foreign
Affairs July 1975.

6) CIA - Project World Oil Demand and OPEC Current Accounts, 1975-77,
March 1975, updated informally, June 1975.

7) IBRD -- Capital Requirements of Developing Countries, April 28, 1975, as
revised informally in July 1975.
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Executive Swumary

1. The sharp increases in the price of oil in late
1973 and early 1974 and the consequent jump in the revenues
of the oil producing countries have generated considerable
interest in the question of the absorptive capacity of these
countries and the extent to which they will be able to
utilize their oil revenues for domestic investment and
consumption. The question is central to the issues of real
resource transfer, recycling and to the impact of these
issues on the domestic economic objectives of the consumer
countries.

2. These issues have resulted in a number of efforts
to gauge the size and structure of the evolving payments
position of the OPEC countries. Little effort, however, has
been devoted to analyzing the capacity of individual OPEC
couttries to utilize domestically (or absorb) oil revenues
despite large differences in the economic structure of these
countries. Most of the forecasts have been of aggregate
imports for OPEC as a whole. A few have attempted to separate
OPEC into two groups -- high absorbers and low absorbers
and have projected imports for each of these groupings.
This study investigates factors which will bear heavily on
each country's import levels over the next decade.

3. During the past year and a half, oil revenues have
trickled through broad segments of almost all of the OPEC
economies, in consequence of sharply rising government
expenditures. In most cases public outlays have increased
more rapidly than imports and this pattern has been a major
factor in intensifying domestic price pressures. There is
considerably greater scope for further massive redistri-
bution of oil revenues in OPEC countries, but an effort in
this direction is not a prerequisite for sustained high
levels of imports. The extent to which OPEC revenues will
be redistributed, however, will affect the mix of OPEC
imports.

4. The OPEC countries are beginning to face major
problems in further expanding their import levels. These
problems have become increasingly apparent in the aftermath
of the sharp increase in OPEC imports since 1973 which has
strained certain facilities in a number of countries to
their limits. Most OPEC countries have recognized these
constraints, however, and have in train policies and programs
to mitigate or overcome them in the framework of their
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domestic development plans. The most serious of these
constraints are in transportation and manpower. Foreign
exchange availabilities are already limiting the import
capability of one OPEC country and several others are
expected to experience a similar constraint within the next
few years.

5. Infrastructure expenditures now have the highest
priority in most of the OPEC countries, but many OPEC
governments have plans for diversification into industrial
activities and establishment of broader agricultural bases.
The prospects for successful diversification are uneven and
for some countries further development of the energy sector
may be the most profitable avenue. Many of the OPEC countries
have limited non-hydrocarbon resources and in addition small
domestic markets will severely limit the possibility of
achieving economies of scale without access to broader
regional or world outlets. This access in turn will depend
on comparative costs which have not yet been sorted out for
many of the plans and projects under consideration. Dupli-
cation of effort in some areas which could lead to oversupply
problems is also likely to occur. The completion of invest-
ment projects in industry and agriculture will frequently
result in either increased exports or import substitution,
so that the absorptive capacity of these countries will
change. The direction of this change will vary from country
to country.

6. The Gulf States are least likely to be able 'to C
utilize their oil revenues domestically during the next five
years, in a reasonably efficient manner. But perhaps only
Saudi Arabia and Kuwait will sustain large current account
surpluses into the 1980's. On the whole we would expect to
see aggregate OPEC imports grow from $37 billion in 1974 to
$89 billion in 1980 and to $133 billion by 1985, (all in
1974 prices). This would mean a continuous decline in the C
annual increase in real OPEC imports from 45 percent in 1974
and 33 percent in 1975, to an average increase of 16 percent
annually through the end of this decade, and then to an
average increase of only 8 percent from 1980 to 1985.
Employing the OECD's forecasts of the growth in OPEC's oil
earnings, these import levels would imply an OPEC current
account surplus of about $13 billion in 1980, and a cumulative
surplus through 1980 of $195 billion, both in 1974 dollars. C

7. In comparison, the aggregate OPEC investible
surplus in 1974 is estimated at $59 billion which we anticipate
will decline this year to a surplus of about $46 billion.

ecC

C



195

iii

Saudi Arabia and Iran, which accounted for more than half
of the aggregate OPEC surplus last year, will have an even
more dominant position in 1975, despite extremely large
increases in their import levels.

8. The issue of absorptive capacity -- through its
determination of how rapidly the transfer of real resources
from the consuming to the producing countries will proceed --
relates to several key goals which the industrial countries
would seem to have in their relations with OPEC nations. In
particular absorptive capacity raises questions with respect
to the compatibility of the policies and objectives of the
two groups of countries and efforts to ensure that current
and prospective oil earnings have minimum disruptive effects
on the Western economy and its growth prospects.

9. In the debate that has followed the large and
abrupt change in oil prices, there appears to have emerged a
preference in many industrial countries for a continued
rapid increase in OPEC imports, i.e., a continued rapid
transfer of real resources. The preference for present
versus future transfers, however, involves a number of
complex considerations which have not previously been adequately
explored and some of the key arguments in favor of one
option or the other fail to hold up under intensive scrunity.
Some of the more widely discussed factors bearing on this
issue include the effects on: the total level of transfers
that would result; the capacity to service OPEC claims; the
problem of recycling and cyclical conditions in the major
consumer countries.

10. It is far from certain that delayed transfers of
real resources will mean a larger total transfer over time.
As long as general price movements are as large as pecuniary
returns on OPEC investment then the size of the transfer
will be unchanged. But recent history indicates a less than
complete interest rate accommodation to the rate of inflation.

11. On the other hand, OPEC investment in the con-
suming countries will not necessarily permit a greater
increase in their capacity to service OPEC claims, since
export income not only also generates investment capital,
but equally important, it increases the demand for such
capital through fuller utilization of existing capacity.

12. It is probably impossible for either OPEC govern-
ments or OECD governments to develop a trading pattern which
will always complement the domestic economic policies of the
exporting country, nor would this appear to be necessary.
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Export markets cannot predictably be turned on and off with
ease and foreign trade has seldom been used successfully as
a major counter-cyclical device. On the other hand domestic
authorities are able to create or extinguish domestic demand
with greater ease, particularly since policy shifts to
change overall demand and supply conditions must be taken
quickly. Finally, from a micro viewpoint it is not practical
to assume that OPEC countries are ready or able to confine
their purchases to the more severely depressed sectors of
the economy during periods of economic slowdown.

13. Similarly it should not be assumed that the main
solution to short-term adjustments in the international
payments position of the major consuming countries, either
individually or collectively would lie in a sharp acceler- C
ation of exports. The ability to increase exports depends
upon the pace and manner of implementation of the highly
diverse and uncertain plans of the OPEC countries. As a
general proposition the high degree of mobility of capital
makes short term adjustments through financial flows far
more practical than through changes in current transactions.
Previous fears that the market mechanism would be incapable
of handling such large financial adjustments have proved to-
be largely unfounded.

14. There is likely to be a significant relationship
between the absorption rate of the OPEC countries and their
policies with respect to oil production and prices. But the
manner in which these relationships will evolve is highly
uncertain at the present time. To date the OPEC countries
have been able to reconcile their respective revenue avail-
abilities and requirements through selected changes in both
prices and production. Whether countries which have excess
revenues will be prepared to continue to make adjustments
for the sake of countries facing revenue constraints remains
to be seen. Similarly, it is not clear whether the success
of the development efforts of OPEC governments which would C
graphically demonstrate the utility of their oil revenues,
would encourage them to maintain high revenue levels through
higher prices or higher production. Conversely, the failure
to utilize OPEC revenues in a productive way could prompt
either conservation efforts or lower prices.

15. Regardless of the preference that individual c
oil consuming countries may have with respect to the timing
of real resource transfers to OPEC countries, a number of
constraints will intervene which will make it difficult to
carry out major policies designed to achieve the preferred
result. In the first place, commercial exchanges of the oil

C
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consuming countries are heavily dominated by the activities
of private firms who cannot easily be convinced to undertake
unproductive ventures, nor sacrifice productive undertakings
against the interests of their shareholders and communities.
Furthermore, policy decisions which would attempt to channel
oil revenues in a particular way could lead to preferential
trade and investment policies which would compromise the
economic liberalization that has been so painstakingly estab-
lished in the post-war period.

16. Governments must guard against a tendency toward
a competitive race among them for OPEC markets and invest-
ment capital, through subsidies, guarantees or the like.
Otherwise the total cost of their oil burden could easily
increase. Moreover, they must recognize that countries
which rely heavily on specific foreign markets are no less
vulnerable to them than are countries which rely on specific
sources of oil.

17. We would conclude that the appropriate policy
framework in the OECD countries for the transfer of real
resources to OPEC governments would be one which would
maximize the play of market forces. Not only is this
likely to prove necessary for practical reasons, but
advantageous from the viewpoint of maximum efficiency and
world income.
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Introduction

The sharp increase in the price of internationally
traded oil has posed complex problems to both producing and
consuming countries which both are now beginning to sort out.
The consuming countries are seeking to find ways of minimiz-
ing the adverse impact on their economies, while the producing
countries are attempting to sustain high oil prices and to
utilize their increased oil receipts in a productive manner.

The policy issues which have evolved from the sharp
redistribution of world income to the oil producing countries
have directed considerable attention to the absorptive capacity
of these oil producing countries. It is central to the issue
of real resource transfer and to the associated issues of
recycling and consistency with the domestic economic objectives
of the consumer countries. Finally, it is relevant to the
industrialization efforts of the OPEC countries and consumer
country response. These issues have prompted a number of
analysts to investigate the evolving size and structure of
OPEC revenues and expenditures in the years ahead.

The analysis behind most of the forecasts of the OPEC
current account position which have appeared to date has
focused mainly on the outlook for oil revenues. Far less
effort has been devoted to an analysis of the capacity of each
of the OPEC countries to utilize (or absorb) oil revenues
despite their distinct differences. Some forecasts have applied
a common growth rate in forecasting imports for the OPEC coun- C
tries. Others have separated OPEC members into a high a-bsorber
group and a low absorber group, and have applied separate growth
rates to each group.

As a step toward further refinement of forecasts of the
OPEC payments position, this study investigates factors in
each of the OPEC countries which will bear heavily on their
respective import levels over the next decade. Rough estimates C
of each country's imports in 1980 and 1985 have been derived
from these analyses. The study benefits from the considerable
work that has been done in estimating oil revenues, to identify
possible cases of revenue constraints.

It should be emphasized that significant problems and
uncertainties remain in attempting to analyze OPEC's payments C
position. Most notable are a paucity of hard data and the

6-
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somewhat related problem of a still less than perfect under-
standing in the industrial world of the evolving structure
of each OPEC economy.

The Absorptive Capacity of the OPEC Countries

Although the absorptive capacity of the OPEC countries
can be measured by the current level of their imports relative
to their current oil revenues, this measurement is not indica-
tive of future absorptive capability. Countries which will
have mounted large current account surpluses in 1974-75 may
nevertheless eventually be able to employ the bulk of their
current oil earnings for domestic purposes. After a time
most of them may be able to utilize even their accumulated
wealth domestically, especially those countries with major
infrastructure requirements and/or moderately large population
bases.

In order to accelerate the utilization of their new
wealth and to do so in the most efficient manner, OPEC
countries have been relying heavily on foreign contractors
and consultants in implementing their investment plans.
Imports of consumer goods continue to be dominated by govern-
ment imports, particularly of agricultural commodities and
foodstuffs. Changes in this trend will depend upon the
increase in disposable income in the hands of individuals
which more than ever will depend upon the willingness and
ability of OPEC governments to redistribute oil revenues,
directly and/or indirectly. With respect to the "non-com-
mercial" category of imports, several OPEC countries, particu-
larly in the Middle East, have exhibited a strong desire to
import military equipment. On the other hand, "prestige"
expenditures have not been pronounced to date.

Developments in the aftermath of the abrupt and
massive increases in petroleum prices have presented OPEC
countries with problems as well as opportunities. In most
cases they have been unable to absorb fully the resulting
large infusions of foreign exchange. Oil revenues have
trickled through broad segments of the economy both directly
through government transfer programs and indirectly through
the demand for services associated with government invest-
ment and consumption. Increases in government expenditures
have generally exceeded increases in imports and domestic
price pressures have intensified.

The effects of oil revenues on the private sectors in
the OPEC countries and on their propensity to consume pose
a complex situation which is not easily understood. Strength-
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ening the private sector is not a goal in all of the OPEC C
countries. Nor is it clear to what extent income redis-
tribution can be accomplished through traditional fiscal
policies on the income and expenditure side. A major re-
distribution of oil revenues within OPEC economies, however,
is not a prerequisite for sustained high levels of imports,
but the extent to which this is accomplished will have an
important bearing on the import mix. Direct governmentC
expenditures will mean continued emphasis on imports for
infrastructure development, and other forms of investment,
in addition to food and in some cases military imports. A
major redistribution of income into private hands, will
result in imports of a broader range of goods, particularly
for consumption.

Most, but not all, OPEC countries have established C
development plans that provide a general framework for
future development but their capacity to execute these plans
differs. In some countries, but not all, the decision-
making process is highly centralized and commitments can be
taken expeditiously. As noted earlier, some countries rely
heavily on foreign advisors and contractors to expedite
development spending.

As the following country overview papers indicate, a
major constraint in the development efforts of the OPEC
countries is insufficient skilled manpower and managerial
talent which is characteristic of both the public and private
sectors in most of the OPEC countries. Inadequate ports and
transport facilities are often a constraint to an immediate c
increase in imports (representing a source of 'import demand
as well), but this problem is generally not insurmountable.
Private sectors are typically small and financial and other
institutions, rudimentary. Technology and entrepreneurial
talent will have to be imported. In a few countries, there
are political, social and/or cultural restraints that will
have a significant effect on the pace and direction of
government expenditure patterns.

Almost all OPEC countries have recognized the importance
of emphasizing the building blocks of a modern economy, by
concentrating on the development of modern and adequate
infrastructure. Some have looked beyond and have already
developed ambitious plans for wide-ranging development of
industry and agriculture. The industrialization prospects C
of the OPEC countries, however, are uneven. In each case
the extent to which comparative advantages can be identified
and opportunities in these areas maximized will have important
long-term policy implications both for the OPEC countries
and the rest of the world. These relative cost considerations
remain to be sorted out. Moreover, duplication of industrial
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projects in different OPEC countries is not unlikely, and
can lead to serious oversupply problems in world or regional
markets. The importance of early formulation of a sound
development strategy should not be underestimated for the
momentum of plans and projects is likely to prove very
difficult to reverse.

Some countries, e.g., Indonesia and Nigeria, have
important non-oil natural resources and large populations,
potentially providing both ample labor and markets, and thus
offer good prospects. In other cases, major industrial
development will require larger markets than the national
economies will provide. If successful, these efforts could
have a significant effect on foreign exchange revenues and
expenditures. An increase in production for export should
increase imports of raw materials, and semi-finished products,
while the increase in export earnings will expand import
demand over a wider range of goods. Import policies may
tighten, however, to protect infant industries, thus limiting
absorptive capacity. The net effect will probably differ
from country to country.

While diversification of their economies to lessen the
dependence on oil exports is an important goal of most of
the OPEC nations, in some of them the energy sector offers
the best potential for development, if outside technical and
managerial assistance is available. Development of Venezuela's
tar sands, Algeria's LNG processing and transport facilities,
and ambitious petrochemical projects in a number of countries
are areas in which Western technology and services will be
needed.

For some countries, like Indonesia, oil revenues may be
a relatively minor factor in determining the course of
development given its large population, its major development
requirements, and low per capital income relative to potential
oil earnings. Countries like Algeria, Iran and Nigeria will
use oil and gas revenues in'developing both the energy
sector and in diversifying their economies.

A potentially large, albeit currently meagerly employed
outlet for surplus OPEC funds is in the non-oil exporting
developing world which can accommodate substantial aid and
investment flows. OPEC bilaterial aid commitments have been
substantial--although concentrated geographically--but
disbursements have been considerably more limited.

There are also small but growing flows of investment
funds to LDC's from OPEC countries. Many projects in the



C

202

-5- C

primary sector may eventually be included in the OPEC invest-
ment portfolio, particularly as the more populated OPEC
countries seek to secure long-term agricultural and raw
material supplies. The importance of these flows to the
less-developed countries will depend upon a complex of C
factors including the relative profitability of funds in the
developed consuming countries and in OPEC domestic economies,
the evolution of a greater willingness by OPEC financial
managers to accept investment risks, the availability of
technical services from the developed countries, and the
emphasis OPEC countries place on aid as a political device.

Saudi Arabia, Kuwait, and Qatar would appear to be the C
OPEC countries with the least likelihood of being able to
utilize "efficiently" at home-the major portion of their
accumulated oil earnings over the next decade or so, given
their high per capita oil revenues, small labor force and
domestic markets, limited natural resources, and problems of
wealth concentration.

On the other hand, several OPEC countries will face
revenue constraints some time during the next ten years, in
the absence of dramatic changes in their export earnings.
Algeria is already experiencing a significant current account
deficit and a relatively large current account deficit is
emerging in Indonesia. Moreover, these countries have not
had the opportunity to build up sizeable assets abroad and C
consequently further rapid increases in their imports will
depend upon their ability to obtain external financing. By
the turn of the decade the net excess revenues of most of
the remaining OPEC countries will probably have disappeared.

OPEC Imports In 1980 and 1985 c

The country analyses which follow provide estimates of
import levels of each of the OPEC countries for 1980 and
1985. These should be viewed as indicative estimates which
will become increasingly precise with the passage of time.
The point estimates from this paper are presented in the
following table together with forecasts by the World Bank C
and the OECD.
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OPEC Imports f.o.b.
(billions of 1974 dollars)

1974 1980 1985

Algeria 3.7 6.5 10.0
Ecuador 0.8 1.5 2.2
Indonesia 3.9 9.4 12.3
Iran 8.0 24.4 32.0
Iraq 3.5 9.5 14.0
Kuwait 1.5 3.4 6.4
Libya 3.0 5.2 6.5
Nigeria 2.5 8.5 12.6
Qatar 0.3 0.6 0.9
Saudi Arabia 3.5 7..5 17.4
United Arab Emirates 1.6 3:9 6.9
Venezuela 4.7 9.4 12.0

Total 37.0 8•?- 133.2

IBRD c.i.f. 44 92.0 NA
OECD f.o.b. 32 78.5 114

The 1980 estimate of total imports of $90 billion would
represent a real growth rate of 16 percent per annum from
1974. The estimate of $133 billion for 1985 imports re-
presents a halving of the average growth rate-to only about
8.0 percent in real terms, and corresponds closely to the
growth in global imports from 1968 to 1973. The 1980 estimates
are appreciably higher than those of the OECD and the IBRD
(after adjustment for freight and insurance), both of which
divided OPEC into high absorber and low absorber groups for
the purpose of forecasting. The 1985 estimates are sub-
stantially higher than the OECD's forecasts in absolute
terms, but the percentage changes for the period are quite
similar.

The country analyses in this paper suggest that only
Iran will have an average real rate of growth of imports of
20% or more in the period 1975-1980. Saudi Arabia, Algeria
and Libya will have average real import growth rate of less
than 10% a year from 1975 to 1980. During the period 1980-
85 the real growth rate of imports will fall below 10 percent
for all of the OPEC countries with the possible exception of
Kuwait, Saudi Arabia, and the United Arab Emirates. Only in
Saudi Arabia will imports accelerate sharply from the pace
of the previous five years, while the growth rates for Kuwait
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and the Emirates remain relatively constant. Iran and
Indonesia should experience a pronounced decline in import
growth during this period.

In identifying possible cases of revenue constraints
on imports, the country analyses have assumed small annual
increases in real oil revenues over present levels for
OPEC as a whole, generally in line with aggregate estimates
by the 0ECD. Differential growth factors were applied to
individual countries, within a relatively narrow range to
take into account cases of new and depleting reserves. A
significantly different pattern would affect the import.
estimates for some countries.

C
Employing the OECD's growth estimates for aggregate

OPEC oil revenues, the import forecasts in the table above
would imply a current account surplus for OPEC as a whole
of $13 billion in 1980 (in 1974 dollars). The cumulative
surplus over the period 1974-80 would total about $195
billion, also in 1974 dollars.

C
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Iran

The Government of Iran contemplates that it will be
able to utilize fully its annual oil earnings in the very
near future, and some Iranian observers are predicting that
by 1976 or 1977 Iran will become once again a net importer
of capital.* This assessment has been greeted with skep-
ticism by a number of analysts, particularly in light of
Iran's impressive current account surpluses over the past
year and a half. An assessment of Iran's evolving payments
position, however, must take into account the sizeable
outstanding Iranian commitments which even if not fully
implemented will entail major expenditures abroad in the
coming years, particularly for purposes of foreign assis-
tance and domestic project development. This situation and
a desire to sort out domestic priorities have prompted the
recent Iranian reassessment of its spending plans.

The extent to which Iran's plans and commitments will
be translated into actual imports will depend in part on the.
ability to alleviate bottlenecks which are becoming in-
creasingly apparent in face of the dramatic surge in import
levels since 1973. But revenue constraints might also arise. A
major problem is an inadequate transportation system where
demurrage can run up to 60 days and railroads and warehouses
become periodically overburdened. Another problem is the
lack of skilled labor and,a growing shortage of semiskilled
or unskilled labor, which{ the Iranians estimate could total
700,000 workers during the present plan period.

These two problems may not be as severe or as intrac-
table as commonly believed. More effective utilization of
port capacity in the past two years has enabled a 100%
increase in the volume of cargo entering Iran's seaports.
Moreover, expanded air freight and truck transportation has
been used to alleviate the burden somewhat and use of these
modes of transport should expand further in the coming
years. More importantly, plans are underway to expand both
port capacity and the domestic rail network. Port capacity
should jump from 10 million to 18 million tons during Iran's
current development plan period (ending March 1978), but
continued expansion of the ports and domestic transport
network will be required if Iran is to continue to expand
its imports at a pace commensurate with the economy's growth
potential.

* A recent small borrowing in the Eurodollar market by an
Iranian bank should be viewed as a step toward familiariz-
ing the international financial market with Iranian paper
and potential Iranian borrowers.
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Despite the projected labor gap, the plan indicates
that the labor force will increase by 1.4 million workers,
or by nearly 15%. This would appear to be a conservative
estimate. In the fourth plan period, the labor force in C
industry and services alone rose by 1. 5 million people. In
addition an increase in the low participation rate (29%),
increased vocational training to upgrade the skills of the
indigenous population and recourse to foreign labor could
fill any remaining gap.

Iran's current development plan (March 1973-March 1978)
calls for expenditures of over $123 billion, with a foreign
component of $95 billion. Foreign exchange receipts are
estimated at $114 billion of which $102 billion would be
derived from energy exports. The revenue projections may be
somewhat high, particularly in the case of energy exports
which at present prices and levels would be overstated by
about 10%. On the other hand it is also unlikely that
merchandise imports, which at the halfway mark totaled about
$22-25 billion, will reach the $79 billion target. We would
anticipate total merchandise imports of about $65-70 billion
in current prices, assuming average annual import price
increases of about 10% a year, with allowances for a re-
duction in transport costs as a result of the opening of the
Suez Canal. This would imply a merchandise import level in
1977 of between $17 and $20 billion on an f.o.b. basis, in C
current prices or about $13 to $15 billion in 1974 dollars.
The current account surplus would shrink to about $3 to $4
billion and could disappear the following year. These
estimates would mean continued full utilization of port
capacity.

Looking beyond, it is clear that the Iranian authorities
are determined to proceed with the rapid development of the C
Iranian economy, with initial emphasis on infrastructure and
energy and then on industrial and agricultural development.
Many extremely large projects are planned and a number of
major contracts have already been awarded. These include,
for example, $500 million for. modernization and expansion of
the telephone network, rail contracts estimated at $1.5
billion, $250 million for .a wood products complex, $550

C
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million for expansion of the Tehran airport and about $2
billion for nuclear power plants. Other projects in the
billion dollar range are under consideration, particularly
in the energy area. In addition, Iran also expects to
expand considerably its military establishment and import
payments for military equipment could reach $5 billion
annually toward the end of the decade. Agricultural imports
are also likely to be extremely high over the next five
years, perhaps exceeding $2 billion a year by 1980.

The extent to which Iran will be able to continue to
increase imports at a rapid pace in the late 1970's will
depend in large part upon its ability to increase export
revenues. It is difficult to quantify the pace at which
export capacity will increase as a result of Iran's indus-
trialization efforts. The plan's estimate of $4.9 billion
in non-oil exports over the five years ending March 1977,
would imply a 10-15% annual increase during the second half
of the plan period and does not appear to be unrealistic.

It is even more difficult to assess the extent to which
Iran's natural gas exports will be expanded. In Iranian Year (IY)
74/75 these exports amounted to about $200 million. Com-
pletion of the proposed Kalingas LNG plant and the expansion
of the Iranian Gas Truckline could raise gas export levels
to $750 million or so by the end of the plan period. Large
Iranian gas reserves could enable Iran to expand sharply
this level in the 1980's, if arrangements can be made to
construct costly LNG facilities.

In looking at Iranian import requirements over the next
decade, we find that the experience in the 1960's demon-
strates an especially close link between public and private
investment and public consumption, on the one hand, and
Iranian import levels, on the other. This relationship
provides remarkably good estimates of the large increases in
imports in IY 1973/74 and IY 74/75 and indicates that a 1%
increase in the real value of these components will prompt a
1.2% increase in real imports. Using this relationship,
based on plan targets, non-military imports in IY 77/78
would run about $11.5 billion in 1974 prices.

We would expect that the growth of Iran's GNP would
continue to taper off toward a more mature level in the Sixth
and Seventh Plan periods. The 16.5% real growth rates
expected in 1976-77 could decline to a 6% level by the mid-
1980's which would imply a non-military import level of
about $28 to $30 billion (in 1974 prices). A higher growth
rate is probably not obtainable within the limits of present
plans for expanding port capacity and the internal transport
network and even at this level any significant level of
military imports might stretch physical capacity beyond its
limits.
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Saudi Arabia

During the past year the marked increase in the
efficiency of the Saudi Arabian Government to respond
bureaucratically and administratively to developmental
needs bodes well for Saudi Arabia's ability to spend a
substantially larger portion of oil revenues in the coming
five years than had been previously thought. The extra-
ordinary sum of $144 billion in expenditures has recently
been announced for the 1975-80 Development Plan. Progress
toward this developmental goal will require Saudi Arabia
to increase the efficiency of its air and sea ports, to
attract skilled and semi-skilled foreign labor, to expand
an already strained construction industry, and to upgrade
the quality of the Saudi civil service.

The economic development of Saudi Arabia will clearly
be dependent on its ability to import. The Development Plan
anticipates annual import levels risin by 30% a year. This
is somewhat below the increases in Saudi Arabia's imports
in 1974 and 1975, which are estimated at 57% and 43%, re-
spectively. The present facilities in Saudi Arabia are not
capable of handling the plan's target for import growth, but
projects now either under active consideration or construc-
tion will gradually alleviate some of the more pressing
bottlenecks to further rapid increases in imports.

There is little question but that Saudi Arabia's require-
ments are sufficient to accomodate sharply expanding import C
levels at least in the short-term. Expenditures for large
and costly capital projects as well as for defense material
could easily increase the still low absolute level of Saudi
Arabia's imports by 20% to 30% a year if bottlenecks to
delivery and implementation are reduced. There is some
question, however, whether Saudi Arabia will take this course.
The Government is clearly determined not to be stampeded C
into ill-conceived expenditures and is taking considerable
pains both to set in place administrative machinery which
can handle a sharp acceleration in investment activity and
to assess carefully both the need and efficiency of the
many (and occasionally conflicting) project ideas which have
been proposed.

Instead, we would expect the trend in Saudi Arabia's Cimports to follow a somewhat different course than trends in
most of the other OPEC countries. Over the next decade a
number of the other oil exporting nations may experience
a continuous tapering off of import growth levels from the
rapid increases of 1974 and 1975. The growth curve for
Saudi Arabia, however, may prove to be roughly N-shaped,

C9
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with relatively small increases in the near term,
followed by significant acceleration a few years from
now, as plans and programs become sorted out and major
bottlenecks are breached. Thus, the volume of Saudi
Arabia's imports might increase by less than 10% on
average until the turn of the decade, when the rate
accelerates sharply to perhaps 18 to 20% a year during
the period 1980-85. Service payments over the next ten
years, however, may well increase more rapidly than
merchandise imports.

Saudi Arabia's development plan earmarks almost
$15 billion for the hydrocarbon industries, including
a gas gathering system, five petrochemical complexes,
three export refineries, an aluminum plant and a 3.5
million ton gas reduction steel plant. The $15 billion
target does not include investment financed by the Saudi
private sector or by foreign firms such as oil companies,
which are expected to provide at least 30% of equity capital.
These major industrial undertakings will be sited at Jubail,
near the oil fields on the Arabian Gulf and at Yenho on the
Red Sea. The implementation of these projects will rely on
the ability of foreign joint-venture firms to develop their
own supply lines and services and to recruit manpower first
to construct these installations and then to operate them.
The prospects are good that these projects will be on stream
on schedule between 1978 and 1980.

The largest allocations in the development plan are
for defense and education; $24 billion and $22 billion,
respectively. About $10 billion has been allocated to
school construction while planned military construction
amounts to only $3 billion. By and large, more of the de-
fense budget can be expected to be utilized than the educa-
tion budget, given the nature of the expenditures involved
and the substantially different capacities of the two sectors.
The majority of defense expenditures will be for sophisticated,
expensive and mobil hardware. In addition, the Defense
establishment already has relatively sophisticated infrastruc-
ture, ready access to educated manpower and independent means
of facilitating imports.

Other sectors on which the plan places heavy emphasis,
also do not share the same capabilities of the defense
establishment and will have greater difficulty in utilizing
planned allocations. These have been set at $15 billion for
urban development, $10 billion for water and desalination,
$7 billion for health, $5 billion for social welfare, $5
billion for electricity, $2 billion for agriculture, and $1
billion for teleconmunications.



C

210 0

-13 -

The principal constaint on Saudi Arabia's absorp-
tive capacity remains the small manpower base and an C
extreme shortage of persons with technical skills. Un-
official estimates set the Saudi labor force (including
foreigners) at 1.5 tillion men. Traditional restraints
effectively prohibit women from entering the labor pool,
but this situation can be expected to change and with
it Saudi Arabia's absorptive capacity. In order to meet
the manpower requirements of major projects scheduled to
be on stream by 1980, the total labor force will have to
increase by more than 500,000, according to the Plan.
More than 150,000 Saudis will enter the labor force before
1980, with the balance of the plan's manpower requirements
satisfield by an increased level of non-Saudi labor.

The port situation is also a major stumbling block.
Large quantities of unclaimed and uncleared tonage clog C
transit sheds. Demnurage charges regularly range between
20-40%, as turn-around time hovers between 30-60 days. In
1974, about four million tons of general cargo valued at
$3.5 billion were imported. Port development plans such as
the addition of 20 new berths at Jidda and 16 at Dammam
and. the increasing mechanization of both ports are expected
to raise Saudi Arabia's import capacity to 13 million tons
a year by 1980. Contracts involving $1 billion for construc-
tion and equipment have already been awarded for the port
expansion at Jidda and Daummam. The development of new ports,
in addition to Jabail and Yenbo, is also being contemplated.
Not all the solutions to port congestion are physical;
improved port administration could make the ports more equal
to the burden. A first step in this direction was taken
by the Saudi Customs Service's recent decision to drastically C
cut-back the number of signatures required to clear goods
from land, sea, and air ports.

The Saudi construction industry is heaviliy overburdened.
Last year's outlay of about $3 billion is projected to expand
by 60% a year, a goal which is unattainable given present
construction techniques in Saudi Arabia. But, the influx of
more labor-saving, capital-intensive construction techniques c
can be expected to transform this sector into a responsive
and productive industry during the next couple of years.

The long-term prospects for the development for Saudi
Arabia also depend on the improvement and ungrading of the
Saudi administrative machinery. The Saudi administrative
infrastructure is sometimes frustratingly thin, despite the C
large number of Saudi graduates returning from Western,
mainly American universities. It is not uncommon for the
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Saudi private sector to attract talented young Saudi
bureaucrats and administrators from their government
positions. Aware of the problem, the Saudi Arabian
Government is developing incentives to attract and to
keep that talent to respond to the administrative needs
of the rapidly expanding economy.
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C
KUWAIT

Because of the high level of Kuwait's oil earnings and
projected income on foreign investment, its ability to
import will, for the foreseeable future, be constrained only C
by what it can physically and economically absorb, by
government policies which impinge on consumption, investment
and imports, and by the comparative costs and advantages of
domestic vs foreign investment. Kuwait's oil earnings are
expected to continue to be well above its import needs
despite a pattern of production cuts which had by mid-1975
brought output down to about 55% of its pre-crisis level.

Kuwait's capacity to import is limited primarily by its
small population (under 1 million) and land area and lack of
non-hydrocarbon natural resources. The effect of these
limitations is reinforced by various government policy
decisions: restrictions on immigration to check the growth
of the non-Kuwaiti population (now 55% of the total);
unwillingness to facilitate investment projects of questionable
economic efficiency or which would degrade the environment;
and an unwillingness to lock itself into a higher rate of
petroleum production that it will want to sell abroad.

The requirement for 51% Kuwaiti ownership of businesses
tends to discourage foreign investment and associated imports.
The government's policy of restricting imports on competing C
products to encourage development of new, small industries
will also inhibit the growth of imports over-the longer term
as the output of these new industries increases. Thus, the
more rapidly Kuwait's imports of capital equipment increase,
the more likely will there be a shift away from imports of
selected consumption and intermediate goods. Although the
government is prepared to continue to utilize a portion of
its oil earnings for domestic investment and consumption, C
pressures for substantial increases in expenditures are not
significant, given Kuwait's present high standard of living,
extensive welfare services and well-developed infrastructure
which have been achieved through judicious use of oil
revenues in the past decade.

The most important factor stimulating Kuwait's imports C
is the government's domestic current and investment expen-
ditures. Earnings from petroleum production accrue directly
to the government and contribute to disposable income in the
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private sector as they are spent by the government. The
government's domestic spending has been directed toward
transferring income to its citizens, toward providing a high
level of public services and to a lesser extent, toward
investment (16% of total domestic expenditures from FY 1971-
74 L/).

Kuwait's FY 1975 budget called for total domestic
expenditures of about $3 billion, up 70 percent from FY
1974. Domestic expenditures in the FY 1976 budget, re-
flecting a balancing of needs and problems associated with
rapid growth, are only 13% above FY 1975 levels. This
approximates the more traditional pattern in the period
FY 1971-74 when expenditures rose by an annual average of
16%. Public consumption will continue to account for a
major share of total budget outlays - about 60 percent.
Although a new development program has not yet been formu-.
lated, the 114% projected increase in capital expenditures
in FY 1975, while not fully realized, and the 62% increase
projected for FY 1976 (to over $800 million) indicate that
the government will be encouraging a much more extensive
domestic development effort than it has in the past. Develop-
ment is likely to be centered in hydro-carbon-based, high
technology, non-labor-intensive industries and in light
industries which are not labor-intensive. Some $3 billion
or more is expected to be earmarked for industrial projects
over the next five years, including a very large LPG plant,
petrochemical plants and expansion of refineries, fertilizer
plants and the oil tanker and general cargo fleets. Public
sector plans include $1 billion in new public housing,
expansion of power and water desalting facilities, improve-
ment and expansion of education, medical, transportation and
communication facilities. Because of the lack of domestic
resources, the import component for these projects will be
very high. The projected improvement in Kuwaiti military
equipment and facilities, which is expected to cost at least
$1.4 billion by 1980, will largely entail imports from
abroad.

The rate of growth of Kuwait's imports in constant
prices during the next ten years may be expected to range
from 10% to 20% compared with an average annual increase of
about 7% from 1968 to 1973 and estimated increases of 60% in
1974 and 40% in 1975 (in current prices). These estimates
assume that the growth in the government's domestic expen-
ditures in the near term will be closer to the FY 1976
budget target than the FY 75 surge which resulted from

l/ Fiscal years end March 31.
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the abrupt jump in oil receipts. The lower end of the
range (around 10%) would reflect a continuation of
present fairly conservative policies with respect to
immigration and development, and assumes that development
expenditures will rise more rapidly than in the pre-
1973 period. An average increase of 20 percent in c
imports would reflect a more dynamic government policy
and a willingness to accept an increasing number of
problems associated with sustained and fairly rapid
development of the economy.

A growth rate nearer the lower end of the range is
likely in any event in the earliest and latest years of
the 1975-1985 period. In the early years, if the govern- C
ment attempts to implement an ambitious development program
it will take time to import or develop the necessary
managerial and technical skills and organization. In the
later years, military spending should decline after the
present modernization of the military forces is completed,
and a portion of the greater industrial output resulting
from the new development projects will be in import C
substitutes. Based on an estimated 1975 import level
of $2 billion, these growth patterns would lead to an
import level of about $3-4.5 billion in 1980 and of
$5-7 billion in 1985.

C
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Nigeria

Nigeria's imports have accelerated sharply over the
past year, putting a great strain on ports and on available
managerial and technical manpower. However, neither constraint
is expected to continue for long, and balance of payments
deficits are expected to develop by 1980, if not before.

The government has liberalized imports during the past
year in order to help control inflation and this is resulting
in a substantial increase in consumer goods imports. At the
same time, development spending is expected to increase as a
result of the government's policy of meeting its manpower
needs by undertaking crash training programs to the maximum
extent possible and of relying on private foreign investment
as necessary to organize and implement many of the larger
and more complex development projects. Major programs are
also underway to recruit foreign experts to fill planning
and technical positions throughout the public sector. The
revenue side of Nigeria's international accounts may, there-
fore, prove to be the chief constraint on imports by the
early 1980's.

With a large population (75-80 million), a low per
capita income ($270), inadequate physical and social in-
frastructure, a need to improve the agricultural sector
which provides income and employment for most of the pop-
ulation, and natural resources which include oil, gas, coal
and tin, the scope for development and imports is great.

Nigeria's Third Five Year Plan, covering the period
from 1975 to 1980 calls for expenditures of $45 billion,
compared with actual expenditures of $7.9 billion under the
Second Five Year Plan. Of the $45 billion to be spent under
the current plan, $30 billion is to be financed by gov-
ernment revenues - mostly oil receipts - and the balance
from the private sector. Major emphasis will be on develop-
ment of infrastructure (roads, communications, airports, and
housing), the agricultural and rural sectors, and large
scale industry to produce steel, pulp and paper, fertilizers,
petrochemicals and refined petroleum products.

The Nigerians will have to turn to foreign sources for
much of the capital goods, consumer goods and services
needed to fulfill the Plan. Imports under the Plan are pro-
jected to increase at an annual average rate of 20%, in real
terms, to 95% of oil revenues by 1980. While experience
under the Second Five-Year would seem to point to non-
fulfillment of Plan goals, revenue constraints have been
temporarily lifted and accelerated development outlays -
perhaps peaking by 1980 - seem likely as plans which were to
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have been implemented earlier finally get underway toward
the end of the decade.

The current plan envisions large accumulations of
reserves during the early years which would be utilized to
finance the deficits projected in the early 1980's. However,
this goal is currently in jeopardy because the projected oil C
revenues for 1975, the first year of the plan, are running
well below the target figure. At the same time, domestic
inflation has continued to increase and may cause imports of
consumer goods to increase more rapidly than projected.
Furthermore, unless agricultural production is increased
substantially, Nigeria, which has traditionally been a large
exporter of agricultural commodities, may become a net
importer as higher incomes are reflected in increased
spending on foodstuffs. This shift is already occurring,
causing more funds than projected to be spent on food
imports.

As a result of these factors, Nigeria's surpluses in
the early years may prove to be smaller than projected in
the Five Year Plan, deficits may develop before 1980 and C
accumulated reserves may be inadequate to finance the
projected deficits in the early 1980's. Under current Plan
assumptions, Nigeria's imports would be. close to $9 billion
by 1980 and as much as $11 billion by 1985 (in 1974 prices).
However, if recent trends persist and consumption is not
restrained, import capacity could be as much as $3 billion
higher in 1984 and Nigeria's ability to realize the import C
level projected for 1985 would depend on its ability to
mobilize sufficient external aid.

C
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The United Arab Emirates

The UAE's capacity to import is determined primarily by
consumption and development activity stimulated by the
domestic expenditures of the government of Abu Dhabi, which
accounts for 85% of the oil receipts of the Emirates and
finances most of the UAE budget as well as its own budget.
The import level is also affected, to a lesser extent, by
the general level of economic activity in the Persian Gulf
region, since Dubai, the second most important of the
Emirates serves as a large entrepet center.

Abu Dhabi has projected a balanced budget (of about
$3.3 billion) for 1975. The projected budget calls for a
50% increase in current expenditures over the 1974 level, a
doubling of both Abu Dhabi's contribution to the UAE budget
and its assistance to third countries, and a quadrupling of
development spending. The balanced budget for 1975 is in
marked contrast with Abu Dhabi's previous experience of
governmental surpluses, when oil revenues outpaced expen-
ditures. The disappearance of this budget surplus, which
in 1974 was estimated to have been $1.5 billion dollars,
together with drastic cutbacks in oil production in the
earlier part of this year led to expressions of concern that
Abu Dhabi was facing a financial squeeze. This concern has
proven to be unfounded, as oil production once again picked
up and actual foreign exchange disbursements lagged behind
the expenditures committed in the 1975 budget.

The expenditure targets, especially for domestic
development, are not likely to be realized in 1975 due to
persistence of the constraints which impeded implementation
of Abu Dhabi's development activities even before the four-
fold increase in oil prices. The most important of these
obstacles are the shortage of skilled and unskilled labor,
slow implementation of economic plans by a governmental
apparatus beset by organizational and institutional problems
and restrictions on foreign ownership of businesses. The
latter discourages foreigners from taking too active and
direct a part in the economy of Abu Dhabi. However, the
estimated 50% increase in development expenditures which was
achieved in 1974 in real terms indicates that the government
has made progress in overcoming these problems.

As a result of projects now under consideration (see
below), government outlays are likely to reach the levels
projected for 1975 within a year or two. It would appear
that after 1977 further increases in budget expenditures
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for domestic development will have to be limited to the
amount of any increased receipts from oil, gas, or invest-
ment, or to a reduction in actual disbursement of foreign
aid commitments, unless the government is willing to engage
in deficit financing, which the governments in the area
have generally not been inclined, or pressed by their
citizens, to do.

The 1975 budget, which includes new projects with a
total estimated value of well over $600 million, continues
Abu Dhabi' s pre-1974 emphasis on the development of infra-
structure services while embarking on an extensive indus-
trialization program. Abu Dhabi's plans include the
following infrastructure projects: a $300 million expansion
of its port, $30 million extension of its international
airport, construction of a road to the Qatari border
expected to cost over $60 million, construotion of general
hospitals ($80 million) and over $100 million in power and
water projects. In addition, Abu Dhabi's industrialization
program includes: the Das Island LNG complex, expected to
cost $1 billion, a $40 million oil refinery, a $20 million
cement plant, a $20 million flour mill, and construction
of new hotels worth more than $70 million. Abu Dhabi has
also indicated preliminary interest in an aluminum smelter,
a small steel mill, petrochemical plants, and a large civic
and sports center, although the magnitude of expected
outlays has not yet been determined.

Dubai has also embarked on a program to expand its
trade and services capacities and to diversify its limited C
industrial base. Decision-making in Dubai is concentrated
in the hands of Sheikh Rashid and a small group of advisors
and, thus, decisions are made more expeditiously than in
Abu Dhabi. Furthermore, Dubai encourages foreigners to
help implement the economic decisions. Dubai has recently
completed a $70 million deep water expansion of its port
and has started construction of a $300 million dry dock. C
In addition it plans a $400 million LNG plant, a $125
million trade center, and a $70 million cement plant.

The UAE (Federal) budget also provides a source of
development expenditures, primarily for infrastructure
projects in the poorer, non-oil producing Emirates. In
1974, the Federal Government spent about $40 million on
development and has earmarked about $244 million in 1975 C
for development projects. The major projects are in the
sectors of housing, and hospital construction; roads
(approximately $50 million), ports, electricity and water
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desalinization. The UAE Federal Government also plans to
expand its military forces and military imports are expected
to run $100-$200 million annually over the next five years.

In addition to expenditures by Abu Dhabi, Dubai and the
Federal Government, the only other source of any major
expenditure is the oil revenue accruing to the Emirate of
Sharjah. Infrastructure projects totalling over $60 million
as well as a $50 million expansion of its port facilities,
extensive construction of hotels and a $25 million cement
plant have been initiated there.

With little domestic agriculture and industrial pro-
duction as yet, the UAE economy is almost wholly dependent
on the import of goods for consumption as well as for invest-
ment. Import levels have followed the pattern of the domestic
expenditures of the government of the UAE, Abu Dhabi and
Dubai, and more than doubled from 1971 to 1973 and almost
doubled again in 1974 to about $1.6 billion. Imports for
1975 are projected at about $2.4 billion or 47% over the
1974 level.

While substantial increases (perhaps 20-30%) may
continue over the next couple of years, as the UAE's new
wealth reflects itself in increased development and private
consumption, budget constraints coupled with domestic pro-
duction of import substitutes can be expected to result in
smaller increases in subsequent years. As a result, imports
from 1975 to 1980 should increase by an average of about 15%
per year, leading to an import level in 1974 prices of
almost $3.9 billion in 1980. After 1980, as basic infra-
structure requirements are satisfied, expansion of the
military is completed, and the disruptions caused by rapid
industrialization and competing development in the individual
emirates begin to be felt, the small size of the population
(about 350,000, the majority of whom are foreigners) and the
barren land will limit import growth to about 10% a year.
If oil exploration in the other Emirates is successful,
however, these states can be expected to pursue an independ-
ent development effort and imports will continue to grow
rapidly. A range of imports of $6-8 billion (in 1974 prices)
is therefore possible by 1985.
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Iraq C

Iraq's pattern of foreign trade during this decade
will be fashioned from an ongoing balancing of objectives
and performance of the country's development plans. The
financing requirements of large prospective levels of
imports appear to be within the level of foreign exchange
receipts that the plan will provide over the span of
several years, but the surplus is not likely to be so
large as to encourage grossly inefficient expenditure,
nor oil revenues so predictable as to preclude financial
stringencies over short intervals of time. The first
years of the development program should see the implemen-
tation of many infrastructure projects that will ease C
bottlenecks to further development and, being capable of
multiple productive uses, should prove to be economically
worthwhile. The subsequent stages of development, and
their success cannot be as readily assessed.

The energy sector is being given high priority by
the Iraqi authorities and further development of this
sector is likely to result in a significant "recycling"
of oil revenues into Iraq's energy development. Petroleum
exports, currently about 2.4 million b/d is considerably
less than can be realized with additional investment.
Output is more or less restricted to current levels by
the capacity of transit and terminal facilities. Heavy
investment such as the Hoditha-Rumaila pipeline and new
terminals on the Persian Gulf, due to be complete in the C
next year, should raise capacity significantly. Further-
more, there has been little exploration for oil in Iraq
during the past decade, and it is believed that a $1.5
billion exploration program to be carried out during the
next five years will substantially increase proven reserves.
As part of a general pruning of its development plan, and
in response to possible continued sluggish growth in the C
consumption of petroleum, Iraq recently lowered its
targeted 1980 production capacity from 6.5 million b/d to
around 4 million b/d, but this level could be exceeded
since the change in target levels was not accompanied by
corresponding changes in capacity expanding investment.

Under the influence of expanded budgets and develop-
ment plans, imports which tripled between 1973 and 1974
should continue to increase rather rapidly. The develop-
ment budget for 1976-1980 calls for expenditures of $34
billion, or triple the previous five-year plan, of which
$10 billion is targeted for agricultural development.
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Industrial projects involving production of fertilizer and
farm machinery are important steps toward achieving the goal
of agricultural self-sufficiency. The plan also provides $7
billion for education, communication and transport which
will expand both import and export capacity substantially.
In particular ports will be expanded from a capacity of 1
million tons in 1973 to 2.5 million tons by 1980, while
overland connections to a free port that Iraq has arranged
to use in Kuwait will be improved to relieve any potential
port congestion that might arise before the completion of
the port expansion program. Many of the individual projects
that make up the plan are drawn from a backlog of projects
that Iraq has studied for years, and,considering the large
number contracted for on a turnkey basis, the large majority
should be completed according to schedule, significantly
improving an implementation rate that only reached 65%
during the 1965/66 - 1969/70 development plan.

The course of economic development should affect the
demand for imported goods in several ways. First, the
demand for capital goods, most of which will have to come
from abroad, should be sustained by that projected high
level of capital investment. Second, to the extent that oil
revenue is redistributed as disposable income to the private
sector the demand for consumer goods, and consequently for
imports of consumer goods will rise. We would expect,
however, that government investment would continue to have a
substantially greater impact on the demand for imports than
funds transferred to the private sector, especially in light
of the governments emphasis on import substitution for non-
investment goods.

The government has influenced the level of private
imports, both directly through its foreign exchange licen-
sing procedures, and indirectly through the budget's in-
fluence on private disposable income, hence on the demand
for goods. This influence was exercised forcefully during
the period 1969/74 when, anticipating a fall in oil revenue,
the growth in real private disposable income was completely
stopped. In the future, the policy of promoting the pro-
duction of import substitutes should restrict the level of
imports without recourse to the traditional controls. The
government has in fact begun to stimulate private demand by
granting extensive tax cuts and expanding welfare programs.
Since the current account is very close to being in balance,
it is to be expected that temporary shortfalls in revenue
will occur in the near future. Iraq's recent borrowing of
$500 million from the Eurocurrency market suggests that it
will meet such shortfalls by recourse to foreign capital
rather than by disrupting the expansion of either private or
public expenditure.
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The expansion of various sectors of the economy should
be sufficiently in tandem to avoid heavy reliance on external
financing. Merchandise imports may be expected to reach, in
constant 1974 prices, $9.5 billion in 1980, and $14 billion C
in 1985, while the current account balance which showed
a small surplus in 1975 can be expected to gradually
reach a surplus of about $4 billion in 1980 then to decline
to a deficit of perhaps $1 billion in 1985 (both in current
prices).. Balanced economic expansion will result from
an expected high rate of implementation of the current develop-
ment program and an expanded program for 1981/85, while c
attaining a petroleum production level of 4.5 million b/d by
1980, and maintaining it at that level through 1985. The
goal of agricultural self-sufficiency may not be met, but
the growth of agricultural imports should stop. On the
other hand, imports of raw materials and capital goods should
increase markedly as private income and capital expenditures
under the development plan increase. C
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Algeria

The substantial current account deficit projected for
1975, despite continued restraints on consumption through
strict controls on wages and nonessential imports, clearly
demonstrates that the most significant constraint on Algeria's
ability to import will be the availability of foreign
exchange. As a result of a deterioration in the trade
account and some prepayment of external debt, Algeria's net
foreign reserves dropped by 75% from September 1974 through
May 1975, to $428 million, or less than 2 months' imports at
the projected 1975 rate. (A $350 million increase during
June is attributable in large part to recent borrowings.)
The crucial question is whether Algeria can obtain suffic-
ient external financing during the, next few years to enable
it to implement its development program as scheduled and
whether development of its gas reserves will proceed at a
sufficiently rapid pace to eliminate the resource gap after
1980.

Algeria's economic development program is dominated by
intensive efforts to industrialize as well as to meet the
country's substantial needs for food,imports of which are
projected at over $1 billion for 1975. Key areas of effort
include continued rapid development of basic industries
(hydrocarbon, steel, fertilizers), accelerated growth of the
processing industries (metals and construction materials)
and increased production of consumer goods.

The potential for absorption of imports in Algeria is
significant given: 1) the need for infrastructure develop-
ment as a result of the low priority which has been given to
this sector in the past, 2) the large potential labor supply
based on a large population, i rapidly increasing labor
force and a high level of unemployment and underemployment
which is estimated at 12 percent of the labor force, and 3)
lack of additional land suitable for cultivation which means
that a large volume of food imports will be required at
least until 1980 as Algeria attempts to increase the pro-
ductivity of land now under cultivation.

The Algerian Government has shown itself able to make
decisions to commit funds for domestic development purposes.
Actual expenditures under the 1970/73 Plan were 20% higher
than projected although, as a result of delays and constraints
in project preparation, adoption of new techniques, and
unavailability of qualified manpower and basic raw materials,
a backlog of projects remained at the end of the Plan period.
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The 1974-77 Plan calls for public investments of $27 billion,
triple the total expended under the previous plan, with an
import component of about $10 billion. In 1977, the last
year of the present plan period, imports of investment and
consumer goods are expected to reach a level of $8 billion C
under the original plan estimates.

Difficulties in achieving these targets are likely,
however, primarily because of an increasingly serious
foreign'exchange constraint. The 1977 target would imply a
current account deficit of $4-5 billion, the full financing
for-which may not be readily available. Another major
factor in Algeria's evolving payments position is repayment
of principal and interest on its public external debt, which
is already running in the neighborhood of $600 million on an
outstanding debt level of almost $3.5 billion. In order to
avoid adding to its debt burden in the near future, Algeria
is seeking longer term credit to cover present current
account deficits.

Inadequate infrastructure is emerging as another
constraint. Unless greater emphasis is given to infra-
structure - which is to account for only 14 percent of
total expenditures in the present plan - severe bottlenecks
will emerge with consequent implications for the efficiency
of industrial undertakings and import levels. The govern- C
ment must also train and educate its labor force to operate
an evolving industrial economy. At present the lack of
skilled technical and managerial workers causes serious
problems which may ultimately result in investment slip-
pages.

Algeria's imports will probably be affected mainly by
its ability to expand its gas exports and by the amount of C
external capital Algeria can obtain. If Algeria is success-
ful in obtaining the external financing it needs, it should
be able to maintain an 8 percent real growth in GNP - the
1974 rate - and based on present income propensities to
import, the level of merchandise imports in 1974 prices
would reach $6 to $8 billion by 1980 and $10.5 to $12.5
billjuii O 19V!. We would expecL imports to bf iik tlie lc.-cy
end of these ranges because of foreign exchange constraints,
and even these levels will not be achievable without a
substantial increase in export earnings.
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Qatar

Qatar's use of its oil revenue to further the country's
economic development will be restricted by its small popu-
lation and lack of skilled indigenous labor force. However,
imports of consumer goods, as well as intermediates for
domestic production of consumer goods, should grow sub-
stantially.

Capital investment is largely in the hands of the
government, although the absence of comprehensive national
income data precludes an accurate assessment of the size and
the influence of private investment activity on imports.
The major thrust of the development effort has been and will
continue to be in the area of infrastructure facilities such
as communications networks, power plants, and power trans-
mission facilities. More recently, decisions have been made
to undertake a number of industrial projects including an
asbestos cement plant, gas-based petrochemical plants, worth
over $200 million; a $200 million steel-rolling mill, and a
$100 million natural gas liquefication and ancillary faci-
lity. These projects are not expected to come on stream
before 1977, and some slippage in the time table can be
expected.

The development budget which targets nearly $500
million of capital expenditures for 1975/76 should be
difficult to implement. This would represent an increase of
more than 200% over the previous year ' budgeted capital
expenditure, which in itself represented an increase of over
130% over the 1973/74 budget. These increases are difficult
to administer as Qatar does not have a centralized planning
authority, and the administrative machinery for planning and
executing government projects is still in its formative
stages. As a result, actual expenditures are usually but a
fraction of budgeted expenditures (only 65% in 1972).
Efficiency is also hindered by public policy which guaran-
tees jobs to all nationals and requires that middle and
upper management slots in many of the proposed heavy indus-
tries be reserved ultimately for Qatari citizens.

The industrial sector has grown substantially during
the recent past. Annual cement production expanded by 21%,
frozen shrimp, 15% and electricity generation, 13%. More-
over, new activities, such as the production of flour and
desalinized water, have been introduced. There are indi-
cations, however, that further expansion will be limited.
First, the shortage of labor in Qatar has resulted in the
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use of substantial imported labor, with the result that
Qatari nationals constitute only a small portion of the
economically active work force. But industrial development
in the countries which are important sources for Qatar's
labor (for example, Iran and Oman) has restricted the flow
of labor to Qatar and substantially increased wage rates.
This trend should continue and labor should become increas-
ingly scarce and expensive. Moreover, there is major concern
over further dilution of the national character of the labor
force which will be a restraining influence. Second, some
key sectors have been neglected. Agricultural production,
after a decade of flourishing growth, began to decline in C
1972 as agricultural labor left the land for more renumer-
ative employment in construction. Also until recently, when
the government began to invest in industrial plants, private
investment was channelled into construction and trade rather
than into industry, because of the higher short-term profits
in these activities and the minimal requirements for capital
and technical know-how.

In the past the public sector has redistributed a
substantial part of its oil earnings through its current
expenditures, and this policy should continue in the future.
Public expenditures support a growing social welfare program.
in the areas of housing, education and health. These
programs, as they supplement the income of the private
sector, will stimulate the demand for consumption goods and, C
with limited domestic production, the demand for imported
consumption goods. A rough indication of the magnitude of
income redistribution is the level of annual current govern-
ment expenditures which in the past has amounted to 50% of
the previous year's oil revenue.

Last year, Qatar's balance of payments showed a current c
account surplus equivalent to 75% of its oil revenues, a
historical high. This is a natural reflection of the
difficulty of making prompt adjustments to the surge of oil
revenues, but in the next few years the absorptive rate is
expected to increase substantially. Qatar can be expected
to increase its merchandise imports by 13% a year to about
$600 million in 1980, and by 9% annually thereafter, reach-
ing $900 million in 1985, (both in 1974 prices). C
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Venezuela

The growth in Venezuela's imports will be subjected
to financial constraints by 1978, when the current account,
having shown substantial surpluses in 1974 and 1975, again
moves into deficit.

Oil revenues are expected to fall 12% between 1974
and 1975, and Venezuela planning authorities anticipate
that they will continue to fall at a rate of 5% per year
at least through' 1980. These declines, resulting from a
fall in oil production to a level that currently stands at
76% of capacity, are attributable in the short run to
decreased demand for petroleum and perhaps to production
rationing as well. The depletion of oil reserves, which
has reduced productive capacity by 9% since 1973, will
compel reduced levels of production in the long term
unless new petroleum sources are developed.

The ambitious development plans of the Venezuelan
Government will require large amounts of foreign exchange.
Investment in transportation, communication and power
infrastructure is well advanced. The new Government of
President Carlos Andres Perez has greatly accelerated
long-standing programs for the development of Venezuela's
steel, petrochemical and aluminum industries. Venezuela
has nationalized the iron mines and will do the same with
the petroleum companies during 1975. The Government
intends to move quickly into new industries, such as
aircraft and shipbuilding, and has budgeted large in-
increases in credit to be extended to the agricultural and
industrial sectors. Large new investments will be necessary
in the petroleum sector, particularly in the Orinoco tar
sands, if Venezuela is to continue to be a major petroleum
producer in the future. Notwithstanding such hopes, the
National Planning Office is just completing a Fifth National
Plan which, according to the press, projects a gradual
decline in the output of petroleum, which is to be offset
by a general increase in the other economic sectors.

Plans for capital intensive and highly sophisticated
industries will require a level of managerial and technical
skill that is very scarce, and substantial imports of
capital goods. In light of the shortage of labor and
apprehension over the disruption that sharp increases in
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demand can cause, a substantial part of the oil revenues
in 1974 and 1975 will be held abroad to sterilize its
impact on the domestic economy, but will be drawn down
over time to finance the foreign exchange costs of the
investment program.

For 1976, recent estimates by the Finance Ministry
call for an "austerity program" in order to minimize the
impact of an estimated $U billion decline in government
income from the petroleum industry resulting from declining
output as well as anticipated effects in the post-National-
ization period.

The total ordinary budget for 1975 amounts to $6.6 C
billion, as compared to actual cash outlays of $5.1 billion
in 1974 and $3.4 billion in 1973. Roughly 40 percent or
$2 billion of the 1974 ordinar bud et was devoted to domestic
investment, but 47 percent or $3.8 billion is allocated to
investment in the 1975 budget.

The major persistent obstacle to long-term develop-
ment in Venezuela, is the economy's lack of diversification
and a failure to mobilize domestic resources outside the
petroleum sector. Agriculture accounts for less than 5
percent of GDP and is technologically backward by Latin
American standards. The manufacturing sector is high cost
and highly protected. Skilled labor and managerial and
scientific talent are in short supply despite very large c
educational expenditures over the past decade. Income
distribution is extremely skewed. On the other hand,
transport, coimmunications, and power infrastructure are
well advanced, and the natural resource endowment is
exceptionally rich.

Venezulan imports rose 657 in 1974 and should increase
about 407 in 1975. But, as a result of an emerging foreign C
exchange constraint, the growth in imports should decline
sharply, perhaps to 20% in 1976. The current account may
go into deficit in 1977, and import growth may not exceed
10% . a year through 1980.. The severe financial con-
straints that will become apparent by then, and the
completion of the first stages of the development program
may further reduce the growth in imports to 5% per year
during the period 1980-85. At these rates imports (in 1974
prices) will amount to about $9.5 billion in 1980 and $12
billon in 1985.
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Ecuador

Ecuador should have the capacity to absorb oil revenues
over the next ten years under any reasonable scenario of
production and prices. Public sector infrastructure is
undeveloped and the country is starting from a low level of
economic development. Increasing imports of industrial
inputs are easily absorbing Ecuador's foreign exchange at
the present time.

Ecuador's 1973-77 Development Plan presents a compre-
hensive strategy for maximizing the impact of petroleum
revenues and achieving self-generating growth. The plan
calls for: (a) expanding and improving the physical infra-
structure by extending transportation, energy and other
basic facilities into new potentially productive areas and
improving such facilities as now exist, (b) expanding and
improving the provision of services and technical inputs
needed for raising productivity in agriculture, industry and
supporting services and (c) expanding and improving the
provision of education, training, health and other social
services to-upgrade the quality and raise the living standards
of the labor force and the population generally.

In order to implement the Plan efficiently, the Planning
Board has been considerably strengthened with personnel and
financial resources. Serious efforts are also being made to
strengthen and accelerate the process of project preparation
in the Planning Board and public agencies. Government
planners have just completed an inventory of projects, and a
Pre-Investment fund for financing pre-feasibility and
feasibility studies through final engineering design has
been established. Complementing these efforts, the Government has
segregated from the budget the additional revenues accruing
to the Central Government from the increase in petroleum
prices. These resources, accumulated in the National
Development Fund, will finance investment projects as they
become ready, over and above those already included in
budgetary appropriations.

The Government plans to invest A1.7 billion during 1974-78,
with emphasis on rural infrastructure projects and manpower
development. Imports for the same period are expected to
reach $3.8 billion of which close to $3 billion are expected
to be producer goods--which should impact favorably on
future growth rates.

The progress of the country's growth has emphasized
industrial development. In 1973 industrial production
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increased by 8% and by 12% in 1974. Revenue increases from
rising oil prices have enabled Ecuador to sustain real
growth in manufacturing and agriculture. Availability of
foreign exchange reserves has enabled Ecuador to decrease
tariffs on imports of materials inputs and intermediate
goods, encouraging domestic industrial growth. Imports of
capital goods for industry increased 112% in 1974 over
1973's level. The principal item in this category of
imports was industrial machinery which grew by about 120%.

Construction has been another growing sector with an
average annual growth in output of 9% over 1972-1974. At
present the capacity for producing inputs for construction
is severely limited. Demand for capital goods and interm-
ediate inputs for construction has been met by a substantial
increase in imports, doubling from 1973 to 1974. Government
policy has been to subsidize imports of construction materials,
especially cement and iron, in order to increase national
production in other sectors.

Total imports in 1974 increased by 72% over 1973.
Although the annual rate of increase of imports should
slacken in succeeding years, we anticipate no serious obstacles
to utilization of Ecuador's oil revenues through the 1970's.
Tariffs have been reduced and the Government is offering
expanded credit facilities for imports. Ecuador should have
no port capacity bottlenecks to slow import growth.

There are only two elements in Ecuador's development
policy which signal a lower level of imports in 5 years C
time. The first of these factors is a conscious part of
the GOE development goal.

Ecuador's industrial development is primarily based on
import substitution in the consumer goods sector. The
country is beginning to enter a period of substitution of
imports of raw materials, intermediate products and small
capital goods and as Ecuador's industrial sector expands it C
will require lower levels of imports of many of these items.
Imports of larger and more sophisticated capital equipment,
however, should continue to increase at a significant pace
in the foreseeable future.

An associated second factor which will affect Ecuador's
import trends over the next five or ten years results from C
emphasis on capital intensive and technologically led
development. As a result of tariff and tax reductions
benefitting capital inputs in industrial projects, industrial
growth in recent years has been heavily labor saving.
Employment has lagged behind the forecasts for the 1973-1977
Plan and underemployment is likely to remain a social problem ecC
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in the coming years. Income will probably remain skewed in
the absence of a major income redistribution effort.
As a cnsequence, the growth in the internal market for consumer
gonod will be somewhat limited.

Thus the growth rate of imports should average about
10% to 15% per annum, toward the end of this decade, and
decline perhaps to about 8% a year during the first half of
the 1980's. If the Government continues its conservationist policy
in petroleum production, it should be able to absorb revenues
quite easily. But if oil productin is greatly exoended in the
next five to ten years, revenues will probably far exceed
the country's import level in the next decade.

0
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Indonesia C

Indonesia's oil revenues are of relatively smaller
magnitude than other OPEC members, comprising 18% of GNP
($19 billion in 1974). At the same time, with a per
capita income of $150, the need for capital investment
and the scope for growth is large. Accordingly, Indonesia C
should continue to have little difficulty in utilizing its
oil revenues.

Instead Indonesia will probably continue to face
financial constraints as it seeks to enhance domestic
economic growth. The small current account surplus in
1974 is expected to disappear in 1975, and a growing deficit c
to appear thereafter. To avoid this development the
government hopes to double petroleum output by 1980,
develop LNG exports, and to encourage- the production of
important import substitutes such as rice.. The financial
constraint may not be felt for several years if external
aid and private capital flows continue at their current
levels.

The most important physical obstacle to import
expansion is Indonesia's limited port capacity. Cargo
handling capacities in almost all ports are relatively
low, Equiument and navigational aids remain inadequate.
Wide-ranging port projects which include the design and
engineering of new quays and warehouses, construction,
dredging and dockyard rehabilitation, are to be completed
in the next two to five years and should offer considerable
relief to the physical limitation of ports.

Administrative inefficiencies arising from poor
organization and low levels of trained manpower have
hindered the effective utilization of external assistance,
and retarded the speed of development. In fact, Indonesia
was unable to utilize fully available external aid in 1974, C
and the size of the year-end aid pipeline rose to an
estimated $1.7 billion. Reforms involving Pertamina,
Indonesia's state-owned oil company,will interrupt the
schedule of investment spending in a broad range of
activities, until the reorganization is complete.

Indonesia's inadequate infrastructure has hindered C
the growth of import substitutes. For example, fertilizer
and insecticide distribution has been slowed by the
irregular and expensive transportation system. The second
five year plan has allocated 19% of its funds to the
development of agriculture and irrigation, and 15% to
communication and transport related activities, which may
aid in the development of import substitutes. c
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In the last three years, Indonesia's imports have
nearly tripled, soaring from $1.7 billion in 1972-73 to
an estimated $4.5 billion in 1974-75. During the next
decade the largest increase in import volume is expected
to come from capital-goods imports necessary to fulfill
the country's ambitious development goals. The share of
imported consumer goods should fall from 31.9% in 1973/74
to about 177 in 1980 and perhaps 10% in 1985. The share
of intermediate goods and raw materials should rise some-
what from its 1973/74 level of 37% to about 507 in 1980
and beyond. Merchandise imports in 1974 prices could
reach about $9.5 billion by 1980, and around $12.5 billion
by 1985, if petroleum revenues can be doubled through
expanded output. Even then Indonesia will probably be facing
persistent current account deficits over the next decade
which will require continued flows of foreign aid.

1L
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Libya C

The recent increases in oil prices have radically
increased Libya's national income to $4,600 per capita (in
1974). The maintenance of a high level of investment, to
ensure that these income levels are sustained in the face C
of depleting oil reserves, has resulted in correspondingly
high levels of imports. The future growth of imports,
however, may be restricted if inadequate infrastructure
facilities--especially port congestion--and shortages of
skilled manpower cannot be overcome. Programs are now in
train to deal with these problems but in the near term
they will remain important constraints to absorption. c

Gross capital formation has traditionally accounted
for some 30% of GNP. This has been a major stimulant to
bvorts as in=eases in capital goods hrts have generaly
amounted to about 65% of increases in gross- ivsmt. Substantial
capital formation has also engendered a rapid growth in
the non-oil sector of the economy, which expanded from
33% to 507 of GNP between 1970 and 1973.

Libya is presently in the last year of its three year
Development Plan (1973-1975). Expenditure targets of the
plan were increased by over 1207. to $8.5 billion in light
of increased oil revenue. The plan continues the emphasis
of previous plans on infrastructure development (1/3 of
total outlays), with emphasis especially on port expan- C
sion, electrification, housing and public works. It also
gives high priority (227. of total outlays) to increasing
agricultural output in order to reduce Libya's reliance
on food imports.

The Plan's allocation to industry, which comprises
13% of total outlays, seeks to maximize the use of the
domestic resource base and produce goods for which there C
is a large domestic demand. Thus, most of the investments
are being put into plants for construction materials and
food industries. Complementing the import substitution
goals of Libya's agricultural and industrial development
plans is the emphasis that the Plan gives to the expansion
of the export-oriented oil industry and ancillary facilities. C

New projects either under way or proposed include:
a $150 million desalination and electrical power complex in
Tobruk--part of a $675 million plan to build similar complexes
throughout the country; a $100 million oil refinery;
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a $230 million petrochemical plant; construction and
expansion of cement plants worth over $150 million; a
$240 million expansion of Tripoli harbor; new housing
projects worth over $200 million; and a $100 million
prefabricated housing factory. In addition, an experi-
mental nuclear power plant, new roads, bridges, as well
as clinics, schools and universities are either under
construction or being planned.

The revolutionary government has also included
ambitious social goals in its development plan. It seeks
to eradicate illiteracy by 1980 through increased outlays
in education, especially in the construction of schools
for children and illiterate adults and universities. In
addition, the government seeks to redistribute income to
the low-income groups through increased taxation of the
upper-income classes and increased government expenditures
on health, education, housing and food subsidies. These
programs are only in their initial stages and the problems
they seek to alleviate are so large that Libya's consumption
base will not be significantly widened in the next ten years
in the absence of substantially larger expenditures than
now contemplated.

Implementation of the Development Plan has been
hampered by the continued intensification of manpower
constraints arising in part out of the government's agri-
cultural support program which discourages migration from
the farm despite the increased demand for non-farm labor
engendered by the Plan. Thus, 1973 development expen-
ditures fell 27% short of plan targets and it can be expected
that total actual expenditures will fall short of the Plan's
targets.

Although Libya's small population of 2.3 million
should encourage the use of capital intensive production,
both skilled and unskilled labor are required at levels not
presently available indigeneously. Only one quarter of the
population is in the active labor force, due to both the
age distribution of the population, the effects of the
literacy campaign in delaying initial entry into the labor
force and a very low (7%) participation rate for women. As
a result, Libya has permitted substantial immigration, and
the foreign component of its labor force has increased from
8% in 1971 to over 50% in 1975.

Libya's program to develop its infrastructure and
train its manpower will not have an immediate impact and
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the implementation of capital projects should becoma increasingly dif-
ficult during the near term. Shortages of labor will also yut pressure on
wage rates. These constraints could discourage the main-
tenance of investment at the traditional proportion of 30% C
of GNP. If this proportion should fall, the decrease in
the level of capital goods imports would probably not be
entirely offset by increased levels of consumer imports.
Moreover, this flagging growth in import levels could be
reinforced by the falling growth rates of GNP that are
bound to result from a projected leveling off of real
oil earnings. C

In addition to manpower and infrastructure problems
and lack of resources other than oil, Libya faces a finan-
cial constraint on the revenue side in the absence of new
oil discoveries. Although it had a $2.3 billion current
account surplus in 1974--primarily due to the difficulty
of making prompt adjustments to the surge of oil revenues,
Libya's-strict oil conservation policies will bripg its
current account balance to near equilibrium within a few
years and make it a net importer of capital in the long-
term. Libya's concern for its depleting oil resources,
which accounts for 98% of its export earnings, is reflected
in the heavy investment in oil exploration and in the
emphasis in the development plan on import substitution
and export diversification. c

Since 1973, imports have increased-in nominal terms
at a rate of about 35% a year with imports in 1975 expected
to reach about $4.1 billion. The concentration on develop-
ing improved infrastructure facilities and a wider industrial
base should result in an annual growth rate of about 8%
during the next few years to a level of $5.2 billion in 1980.
Between 1980 and 1985, we can expect the annual growth rate C
of imports to fall to about 5% as domestic industrialproduction replaces imports and increased capital invest-ment slackens off. Thus, in 1985 we can expect an import

level of $6.5 billion. These levels would suggest a
current account posit-on that will be approximately in
equilibrium in 1980, perhaps moving into a deficit of about
$2 billion by 1985. C
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Policy Implications

Objectives

The consumer countries have several basic policy
objectives in their relations with OPEC countries which
would seem to include:

a) Encouraging establishment of an OPEC
oil pricing policy which would simultaneously
permit a more efficient allocation of world
resources and allow the OPEC nations to obtain a
reasonable return on their major resource.

b) Avoiding fruitless confrontation which would
create greater instability in the Middle East,
increase the friction between consumers and
producers in general, and render the economic
objectives of both the consumer countries and
OPEC difficult to acheive, and

c) Ensuring that current and prospective OPEC
oil earnings have minimum disruptive effects on
the world economy and its growth prospects.

The rise in oil prices has increased OPEC claims on
the consuming countries' goods and services without in-
creasing OPEC provision of real goods and services. These
claims may be exercised in two ways -- OPEC importation of
goods and services, or purchase of financial assets, -- but
each case will represent a loss in well being to the oil
consuming countries. The first policy objective addresses
itself to the attenuation of this burden.

The discussion of OPEC absorptive capacity touches
largely on the last two policy objectives, through its
determination of how rapidly the transfer of real resources
from the consuming to the producing countries will proceed.
It must be stressed that, in the face of continuing high oil
earnings, satisfaction over the lower than anticipated OPEC
current account surpluses which have been evolving indicates
a preference for substantial OPEC imports over OPEC foreign
investment -- that is for the rapid transfer of real resources.
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This preference, however, involves a number of complex
considerations which do not yet appear to have been adequately
explored. A number of arguments have been posited in support
of each option, but many of them fail to hold up under
intensive scrutiny. A brief discussion will help sort
through the various policy considerations that spring from
the absorptive capacity issue. From this discussion the
conclusion emerges that attempts to influence the timing of
the flow of real resources to the OPEC countries should be
discouraged and that this would best be left to market
forces.

Level of Transfer of Real Resources

If the obligations that the consuming countries have
incurred are to be honored, there will eventually be a
transfer of real resources. The choice is to transfer now
or to transfer over the future. The quantity and value of
the resources transferred to the OPEC countries will nat-
urally depend upon the nature of the claims.they hold, the
productivity of capital and the course and anticipation of
future prices. That is to say that the real resources
transferred will be the same at any two dates if the rise in
export prices is sufficient to offset the pecuniary return
on the obligations held by OPEC. Even though anticipated
general price movements will be a determinant of pecuniary
return, recent history suggests a divergence between general
and export price increases, and indicates a less than complete
interest rate accommodation to the rate of inflation.
Accordingly, investment of OPEC revenues abroad could result
in a lower total transfer of real resources to OPEC over
time.

The oil producing countries, however, are not likely to
be indifferent between transferring the same quantity of
goods at two dates. First, goods transferred now could be
put into productive use, and so generate more goods than if C
the transfer of real resources was deferred (these might
come through additional trade with consuming countries).
Second, the present valuation Of future consumption is
likely to be lower than that of current consumption.

Capacity to Transfer Real Resources

Deferred transfer would in some respects, give the C
consuming countries greater flexibility to determine the
conditions upon which the transfer would take place. This
flexibility however may not lead to formation of a greater
productive base from which to produce goods for future

C
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transfer. Any change in the level of productive capacity
from what it would have been in the absence of real resource
transfers will depend not only upon the investment
propensity of the consuming countries' private sectors, but
also upon government policies of the consumer countries.

First, the availability of financial capital does not
automatically ensure increased demand for investment goods.
The rate of capital formation will be sensitive to the level
of idle capacity and this in turn will depend upon govern-
ment policy directed toward influencing the level of economic
activity. It will also depend on the sources that private
firms traditionally employ to finance capital expenditures,
particularly for those firms which rely on internally gener-
ated funds.

Second, exports directly and through the multiplier
effect also generate income that can finance investment
activity. Moreover, exports represent additional effective
demand that will result in increased capacity utilization
which in turn will spur demand for investment capital.

Finally, there is a fundamental question of whether an
expansion of capacity requires foreign capital or income
generated from abroad. This might be as readily achieved
by appropriate domestic economic policies to influence the
size of the domestic capital stock and the uses to which
it will be applied.

The Short Term Financial Problem

While OPEC investment in the industrial countries would
help increase their capability to eventually redeem OPEC
claims through increases in productive capacity, questions
have been raised concerning the short-term adjustment to
higher oil prices. Indeed, the desire in some quarters to
see rapid utilization by OPEC of its oil revenues has
stemmed at least in part from a fear that high oil prives
would create major recycling problems. Specifically, this
would have resulted from 1) the inability of Western finan-
cial institutions to perform their intermediation function
because of the sudden surge of liquid funds from the OPEC
countries and/or 2) an insufficient flow of such funds to
Europe -- the major oil importing area of the world -- on
reasonable terms, thus forcing severe domestic policy
adjustments.

These fears have proved unfounded on the basis of
experience to date, and indeed there should have been no
presumption that the necessary recycling efforts would be
more difficult to accomplish than a sharp sudden expansion
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of exports of a magnitude necessary to cover the potential
deficit, nor that financial intermediaries should prove to
be the weakest link in the chain of transfers of claims.
There was in fact no alternative to recycling in the very
short term given the abrupt and massive shifts brought about
by the increase in the price of oil. To be sure the adjust-
ments to higher oil prices have been imperfect, but it is C
highly improbable that export expansion to OPEC countries
would more perfectly match the pattern of increased expen-
ditures for imported petroleum in the short-term.

During the past year the OPEC countries have demon-
strated portfolio management objectives similar to most
other investors. In particular, they have recognized the
desirability of risk spreading both among geographical areasC
and types of investment assets. moreover, the intermediary
function performed by financial institutions in the postwar
period, through a well established institutional framework
and open capital markets, has traditionally assured a high
degree of mobility of capital and last year was no exception.
As a general proposition financial adjustments have continued
to be executed by the market's rearrangement of interest @
rates, reconciling differing preferences for financial
instruments as well as adapting the capital structure of
financial institutions to new needs of the market. The
creation of the OECD Solidarity Fund together with other
existing arrangements will, of course, serve as supplements
to the private market mechanism as each country attempts to
adjust financially to higher oil prices. C
Tra~nsfers During Cyclically Slack Periods

It has also been suggested that increases in exports to
the OPEC countries would clearly complement domestic policy
in periods of economic slow-down, but the practical case for
encouraging transfers of real resources during such cyclically
slack periods is weak.

In the first place, the absorptive capacity of OPEC
countries is the main determinant of the rate of the export
response to any policy shifts in the-consuming countries,
and because of the uncertain knowledge of this structure,
attempts to manipulate OPEC demand would probably be unsuccessful.

Second, it should not be forgotten that in many cases
increasing slackness may reflect an attempt to bring inflation

export demand to increase. But there are also problems even

where this is not the case and where an expansion of foreign

C
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demand would complement domestic economic policies. As a
general matter, the tempo of expansion of both foreign
demand and domestic supply is extremely uncertain. In-
creased utilization of capacity, spurred by export orders,
can be accomplished only after a lag. Above and beyond this
is the fundamental question of whether export led growth is
essential to economic recovery or whether domestic policy
instruments are adequate to insure recovery without the
need to transfer real resources abroad.

There are other major problems as well. At some point,
an expansion of domestic and foreign demand can quickly
outstrip improved supply conditions and the pressures to
curtail dynamic export markets would begin to mount. A
policy of turning on and turning off exports to OPEC through
the course of cyclical swings is not a viable long-term
proposition. Yet, if not curtailed these exports put added
pressures on domestic economies in times of total excess
demand. Moreover, the effects within an economy of a cyclical
slowdown are uneven. OPEC nations cannot be expected,
however, to confine their purchases to the most depressed
sectors in a cyclically slack period. Indeed their demand
for imports from these sectors may be minimal or nil.

If transfers are delayed, the resulting infusions of
OPEC financial capital might alleviate some of the financial
stringencies that firms suffer during contractionary periods.
But the firms in greatest need are generally those with the
weakest capital structure, or those who find the cost of
borrowing high relative to the return on their enterprise.
It is doubtful that investments in failing firms would prove
to be a very attractive proposition to OPEC countries. It
is also doubtful that substantial OPEC funds would be
invested at lower than market rates of return. There is the
general question, moreover, of whether marginal operations
can be sustained through special and, perhaps, one-time
arrangements with OPEC countries.

Absorption and Oil Price Policy

There is also likely to be a significant relationship
between the absorption rate of OPEC countries and their
policies with respect to oil production and oil prices.

In the case of countries with relatively low levels of
oil reserves and revenues, successful implementation of
domestic development plans and substantial utilization of
oil revenues for domestic purposes are likely to result in a
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decision either to seek higher oil prices or to increase oil C
production. The choice will be influenced by 1) the ease
with which either course of action can be taken, 2) assessments
of the supply and demand elasticities for oil over the short
and longer terms, and 3) the relative importance attached to
protecting long-term interests by accepting short-term
discomfort.

The experience to date has suggested that when faced
with revenue constraints, individual OPEC countries are more
likely to opt for efforts to maintain production. It is
not clear, however, that this process can or will continue,
particularly if such action would represent a clear break of
OPEC solidarity. But it is also not clear to what extent
those countries whose revenues substantially exceed domestic
needs are prepared to reduce further their own level of
production to sustain oil price levels for the benefit of
the other OPEC countries.

In the case of countries with relatively high levels of
oil reserves and revenues, their continued inabilty to
utilize a substantial proportion of oil receipts for domestic
development purposes, and the consequent recycling of sub-
stantial levels of funds for the use of the consuming
countries, might also prompt them to reassess their policy.
The options open in this situation are the reverse of the
revenue constraint case. Oil production that results mainly
in the build up of assets abroad may suggest to individual
OPEC countries that either production should be reduced or
that some price relief should be extended for the sake of
the interests of the rest of the world. Experience to date, C
however, indicates that the latter trade-off has unfor-
tunately not dominated the thinking of these few producers.

The present situation, of course, contains elements of
both of the cases described above. Compatibility has been
found in a combination of price and production cutbacks.
The question, of course, is whether this pattern can or will C
be perpetuated if the disparities between revenues and need
continue and/or accentuate, or whether different OPEC policy
responses will evolve. The outcome will naturally depend
upon a number of factors including the ability of the OPEC
countries to use their oil revenues for domestic development.

Constraints on Policy Actions By Consumer Countries

Should consumer countries decide to emphasize either
exports to OPEC countries or OPEC investment in the indus-
trial world, the question becomes whether the consumers
can influence this course of events, and, if so, how. There
are obvious problems and pitfalls.

c
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Many governments in one degree or another must operate
in an environment of both significant private sector control
of, and interest in commercial exchanges. Governments in
their efforts to spur exports or investment inflows must
recognize the limitations imposed by both of these facts.
It is difficult to restrain or prevent firms' efforts to
maximize commercial exchanges that will directly benefit
their shareholders and communities. Conversely, it is diffi-
cult to persuade firms to commit themselves to unprofitable
operations.

Policy decisions which would attempt to channel oil
revenues in a particular direction risk preferential or
exceptional approaches and a departure from basic policies.
Development of OPEC industrial capacity will almost certainly
enhance desires for preferential access to consumer country
markets. We have already witnessed some pressure in this
direction. Growing OPEC investment abroad, on the other
hand, could lead to pressures to limit such investments in
additional sectors and/or conversely may require special
inducements. All of this would further distort the world's
economic structure.

Another factor which the consumer countries must guard
against is a possible tendency toward a competitive race
among them for OPEC markets or investment capital. While
such promotional efforts would not necessarily render long-
term balance of payments adjustment within the consumer bloc
more difficult if exchange rates remain flexible, the end
result could be an even greater transfer of real resources
to OPEC countries, since increased costs from exchange rate
adjustments might not offset the savings to OPEC from sub-
sidies, etc. Moreover, economies heavily reliant on specific
foreign markets are no less vulnerable to them than are the
countries heavily reliant on specific sources of oil.

Conclusion

There are, of course, factors other than those dis-
cussed above which bear on the real resource transfer
problem, but most of the main economic considerations have
been covered. These would suggest in varying degrees of
force that a policy of permitting both merchandise and
capital flows to be determined primarily by economic forces
would be the most prudent course for the consumer countries.
The emphasis individual OPEC members will place on domestic
versus foreign investment will shift over time according to
their investment plans. The diversity of such plans among



C

244

-47 ec
the OPEC countries, and the highly uncertain manner in which
they will be carried out, suggest that the most flexible
economic institutions, to wit free markets, are best adapted
to the orderly transfer of real and financial resources. A
plethora of nonmarket arrangements in such a fluid situation
is almost certain to hamper effective adjustments among the
industrial countries.

Beyond this, emphasis on economic efficiency will help
ensure producer country investment in area" where their
comparative advantage will be the greatest. The same
criterion would ensure a substantial flow of investment
capital to the West, both directly and indirectly. World
income would of course be maximized, and the burden which
oil price increases have imposed on the consuming countries
would probably be eased. Flexible policy instruments will
also enable consuming countries to take maximum advantage of
the return flow of OPEC capital.
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Annex

Trends in the OPEC Current Account Position

Developments in 1974

The most recent available data indicate that the OPEC
current account surplus in 1974 reached $59 billion, excluding
government grants (when oil receipts are recorded on a
payments basis). This is somewhat lower than a number of
initial forecasts made last year which anticipated surpluses
in the range of $65-70 billion. The initial forecasts did
not fully anticipate the extent to which OPEC import demand
would respond to the high level of oil earnings. It became
apparent, however, over the course of 1974 and early 1975,
that estimates of growth of imports were too low, and many
projections were revised accordingly.

Comprehensive, accurate import data remain unavailable.
The statistical reporting systems of some countries do not
pick up all imports and the true current account position of
the OPEC countries may never be known. Presently available
data including export data for the major industrial countries
suggest that the increase in OPEC imports last year was
approximately 80%. Price increases on average accounted
for somewhere around 25% of this increase.

OPEC's non-oil exports also rose sharply, by nearly 40%
above the level of 1973. The major factor was the boom in
commodity prices, although for Indonesia which accounts for
40% of all OPEC non-oil exports, volume increases were also
large.

We would estimate that the deficit on services rose
somewhat last year to $4.8 billion. Investment income
increased sharply as a consequence of the build up of assets
abroad, but this was more than offset by freight and in-
surance payments associated with the dramatic jump in OPEC
imports, as well as an increase in workers remittances,
particularly, in the Persian Gulf countries.

The balance of payments data for 1974 show striking
contrasts between the OPEC members. Three countries, Saudi
Arabia, Iran and Kuwait, account for almost two-thirds of
the OPEC surplus. Of the remaining eight members only
Nigeria, Venezuela and the UAE had significant surpluses.
The dissimilar financial accumulations were primarily the
result of different levels of oil production. Although
imports increased markedly in all OPEC countries, there were
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significant differences among them. At the extreme the
imports of Iraq and Iran increased nearly 200% and 125%
respectively, while the imports of Libya and Nigeria rose
less than 40% in nominal terms.

Outlook for 1975

The OPEC current account surplus for 1975 should be
down sharply from last year. This should result from
further large increases in imports, but much smaller in-
creases in oil revenues due to cyclically depressed demand
in the ihdustrialized countries during the first half of
1975, stock drawdowns, a mild winter and some demand response
to the oil price increases. Although the value of imports
should increase by about half last year's rate, a sharp
decline in import price increases to about 12% will mean
that the reduction in real terms will not be as great.

We would also expect to see little change in the
services deficit this year. Investment income will con-
tinue to mount, but so will freignt and insurance payments.
Workers remittances, travel expenditures and payments on
government debt will continue to be substantial and together
will be nearly as large as either investment income or
freight and insurance payments. A light reduction of about
$300 million in the services deficit is projected.

The distribution of the surplus among the OPEC
countries is likely to become even more skewed during 1975.
We would expect the share of Saudi Arabia, Iran and Kuwait C
in the total surplus to grow at about 80%. Algeria should
emerge as the first OPEC country to run a sizeable deficit,
as it finances its expanded import program through inter-
national borrowing. Surpluses should disappear for Ecuador
and Indonesia, and the current account of Iran and Libya
are likely to approach near equilibrium positions.
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OPEC Investible Surplus

1973
($ miMlion)

Tj i U 
0

Algeria

Ecuador

Indonesia

Iran

Iraq

Kuwait

Libya

Nigeria

Qatar

Saudi Arabia

United Arab Emirates

Venezuela

Totals

Oil Exports
(Gov't Take)

1000

100

1200

4500

1700

1900

2300

2400

400

5500

1200

3000

25,200

Non-Oil
Exports

360

310

1610

590

110

230

620

10

20

40

375

4275

Imports
F.O.B,

-2060

-460

-2410

-3600

-1160

- 920

-2200

-1780

-180

-1800

- 860

-2820

-20,250

Services
and Private
Transfers

-170

10

-750

-400

-180

310

-700

-980

- 90

-600

- 90

-690

-4330

Investible
Surplus

-870

-40

-350

1090

470

1520

-600

260

140

3120

290

-135

4895

August 29, 1975



OPEC Investible Surplus

1974($ m-liion )

Algeria

Ecuador

Indonesia

Iran

Iraq

Kuwait

Libya

Nigeria

lQatar

Saudi Arabia

United Arab Emirates

Venezuela

OPeC Total

Oil Exports
(Gov't Take)

3700

S00

3400

18,700

5700

8000

6200

7600

1600

24,600

6000

8900

94,900

Non-Oil
Exports

355

450

2200

80

150

390

40

850

10

25

20

375

5665

Imports
F.O.B.

-3710

- 790

-3890

-8000

-3460

-1480

-3000

-2490

- 270

-3530

-1600

-4660

-36,880

Services
and Private
Transfers

60

-50

-1480

-820

-420

425

-700

-740

- 50

-295

- 60

-620

-4750

Investible
Surplus

405

110

230

10,680

1970

7335

2540

5220

1290

20,800

4360

3995

58,935

00

August 29, 1975
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OPEC Investible Surplus

1975
($ m""i'on)

Algeria

Ecuador

Indonesia

Iran

Iraq

Kuwait

Libya

Nigeria

Qatar

Saudi Arabia

United Arab Emirates

Venezuela

OPEC Total

Oil Exports
(Gov't Take)

3630

375

3675

19,875

7580

7890

5150

6715

1755

26,685

6475

8320

98,125

Non-Oil
Exports

350

550

2380

1000

200

530

100

900

10

30

10

510

6,570

Imports
F.O.B.

-5670

-930

-4680

-10600

-6600

-2100

-4100

-5100

-380

-5660

-2200

-6510

-54,530

Services
and Private
Transfers

-300

-90

-166C

-660

-670

805

-500

-610

-70

-100

-70

-550

-4,475

Investible
Surplus

-1990

-95

-285

9615

510

7125

650

1905

1315

20,055

4215

1770

45,690

Li

August 29, 1975




