FISCAL POLICY AND THE ENERGY CRISIS

HEARINGS

BEFORE THE

SUBCOMMITTEE ON ENERGY

OF THE

COMMITTEE ON FINANCE
UNITED STATES SENATE

NINETY-THIRD CONGRESS
FIRST SESSION

NOVEMBER 27, 28, AND 29, 1973

Part 2

Appendixes
o Part 1

_ Printed for the use of the Committee on Finance

&

U.8. GOVERNMENT PRINTING OFFICE
25-047 WASHINGTON : 1978

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, D.C., 20402 — Price $2.40 C
tock Number 5270-02141

536\ -l



COMMITTEE ON FINANCE
RUSSELL B. LONG, Louisiana, Chatrman

HERMAN E. TALMADGE, Georgia WALLACE F. BENNETT, Utah
VANCE HARTKE, Indiana CARL T. CURTIS, Nebraska

J. W. FULBRIGHT, Arkansas PAUL J. FANNIN, Arizona
ABRAHAM RIBICOFF, Connecticut CLIFFORD P, HANSEN, Wyoming
HARRY F. BYRD, J&., Virginia ROBERT DOLE, Kansas
GAYLORD NELSON, Wisconsin BOB PACKWOOD, Oregon
WALTER F. MONDALE, Minnesota WILLIAM V. ROTH, Jg., Delaware

MIKE GRAVEL, Alaska

LLOYD BENTSEN, Texas
MICHAEL STERN, Staff Director

SUBCOMMITTEE ON ENEROY

MIKE GRAVEL, Alaska, Chairman

WALTER F. MONDALE, Minnesota ROBERT DOLE, Kansas
LLOYD BENTSEN, Texas CLIFFORD P. HANSEN, Wyoming

ROBERT A. BEST, Chief Economist
an



Parts 1 and 2—Contents

ADMINISTRATION WITNESSES

Hickman, Hon. Frederic W., Assistant Secretary of the Treasury for Tax
Policy, accompanied by :

William Johnson, Energy Adviser to the Deputy Secretary of the

P ECABULY e e e e e e e e e e e e e e

Lo&% Hon. John 'A., Assistant to the President for the Energy Policy

B et e e et e e o e e e e e e o e o e e e e e e e

PUBLIC WITNESSES

Bridges, Jack H,, director, National Energy Programs for the Center for
Strategic and International Studies at Georgetown University________
Chase Manhattan Bank, John G. Winger, vice president. . .___
Erickson, Edward W., assoclate professor of economics, North Carolina
State University . . e ——————
Ford Foundation, S. David Freeman, Director of Energy Policy Project-_
Freeman, S. David, Director of Energy Policy Project, Ford Foundation_
Georgetown University, Jack H. Bridges, director national energy pro-
grams for the Center of Strategic and International Studies. ... .______
Gonzalez, Dr. Richard J., consulting economist__ . __
MacAvoy, Paul A, and Robert 8. Pindyck, Massachusetts Institute of
TeChNOlOZY - cmecee e cmmmmm e mec e m e m e m e e ———————
Mz;flsadchli‘setts Institute of Technology, Paul A. MacAvoy, and Robert S.
AAYCK e e e e e —————
Mitchell, George P., chairman of the board, Mitchell Energy & Deevlop-
MENt COTPe e e a ;e — e ——————————————
North Carolina State University, Edward W. Erickson, associate professor
OF @CONOMECS A e e e e —————
Pindyck, Robert 8., and Paul A. MacAvoy, Massachusetts Institute of
TeChNOIOZY o ecc e e e e e e e m e v o e e
Vanik, Hon. Charles A., a Representative in Congress from the State of
Ohio, accompanied by : ’
Willlam Vaughan, legislative assistant; and Ed Morrison, legislative

ASSISLANE v e e e m e — e ———
Winger, John G., vice president, Chase Manhattan Bank. ... _______

COMMUNICATIONS

Anderson, J. Hilbert, consulting engineer, and vice president, Sea Solar

POWET, THCa oo —— e m e —————
Anderson, Roberta H. oo e
Associated General Contractors of America, J. M. Sprouse, executive

AIreCtOr o e e e ————————————————————
Baker, Jeff, chairman, Illinois College Republican Federation, Inc......
Citizens to Preserve the Hudson Valley, Pauline Davis, chairman, legal

and political ACtion . o e e
Cook, Hon. Marlow W., a U.S. Senator from the State of Kentucky-..._-
Davis, Pauline, chairman, legal and political action, Citizens to Preserve

the Hudson VAlleY oo e ccccmcmc i cme s c— e e mc e e e

Page
108

268
873

191
38

208
141

305
305

62
191
305

259
373

664
692

601
637



v

. Environmental Concern Organization, Liliane Stern, chairman, air pollu-

tion and nuclear PoHUION. -a oo oo e
Escher, Willlam J. D., Escher Technology Assoclates, and Joe A. Hanson,

Oceanie INStItUte oo oo e e
Fairbrook, Lottie, Flushing, N.Y . oo
Ford, Ozzie 8. e e e
Fuller, Mrs. Andrew, Wayzata, MInn. ..o
Hanson, Joe A., Oceanic Institute and William J. D. Escher, Escher Tech-

NOlORY ASBOCIALeB. e oo e

Jack, Nancy C., Kansas Clty, Kans . .. oo e
Noé, P.,, Highland, Xl . e
Oceanie Instiute, Joe A, Hanson, and William J. D. Escher, Escher Tech-

Nnology AsS0Ciates. o e e
Religlous Society of Friends, Barnegat Meeting, Ethel R, Wood, clerk.....
Sea Solar Power, Inc,, J. Hilbert Anderson, consulting engineer and vice

president .o e

Sprouse, J. H., executive director, Associated General Contractors of
Amerlea e ———— e e
Stern, Liliane, chairman, air pollution, and nuclear pollution, Environ-
mental Concern Organlzation ... . ______
Tyrrell, Nancy 8., Willingboro, N.J oo . o
Wehlage, Edward F,, professional engineer, Edward F. Wehlage and Asso-
clated Engineers. e e
Wheeler, Phil, Alexandria, Va._ . .
Wood, Ethel R., clerk, Religious Society of Friends, Barnegat Meeting...

ADDITIONAL INFORMATION

Articles, studies, reports, et cetera : .
Changes in the treatment of oil and gas under the Revenue Act of
1969, fact sheet issued by the White House. .. ..o co oo
General aviation, fact sheets submitted by Senator Dole.w. .o .__
Address by the President on nationwide radio and television on the
national energy pPoOMCY. e ——————
Coupon Book Economics, Wall Street Journal article. ... _____.._._
Percentage depletion for petroleum production by Richard J. Gonzalez.
Completion in the field markets for new natural gas supplies..___..._._
Alternative regulatory policles for dealing with the natural gas short-

age, article by Paul W. MacAvoy and Robert 8. PindycK. - vvee..
Ouvg:)ok for energy in the United States to 1985, statemenq by John G.
DEEL e —c e ———— o o e o e e e e
Annual financial analysis of a group of petroleum companies, Chase
Bank e ee e —————————
Capital investments of the world petroleum industry, Chase Man-
hattan Bank e —————————
Arab oll embargo and its impact on winter fuel shortages, by
David Lindahl .o e
Federal Power Commission News Release, re:
Interstate natural gas pipeline curtailments. v oo
Summary and overview of Foster Associates study on the “Impact of
Deregulation on Natural Gas Prices” . o

U.S8, petrochemical industry impact analysis, by Arthur D. Little, Inc_
The 011 Crisis : This Time the Wolf Is Here, from the Foreign Affairs._
A Plan for Energy Independence, from the Foreign Affairs._ ...
Presentation by Petroleum Information Corporation to Hon. John A.

Love, Director, Office of Energy PoHCY e oo ceeecceemeee
Energy options for man, a public energy alternatives study, produced

at the request of Ralph Nader, by the Environmental Education

QroOUD e — e —— e —————————————

Pago
725
061

692
725

661

710
726

661
728

664
691

726
710

693

727
728

19

128
173
217
327

391

490
498
504
518
524
539

549



v

Selected tables and charts: Page
General aviation fuel consumption by USe. .o ececeanne 24
General aviation hours flown by primary uSe.. .o maccana. 25
Estimated impact of emergency supply restrictions on retail prices of

gasoline and fuel Ol e 111
Average retail prices of gasoline in selected Buropean cities, July 1973_ 111
Illustrative expenditures for a family of 4 v o 112
Increase in average retall prices of selected food commodities from

August 1972, to August 1978 e ——————— 118
Miles driven commuting by money income clas8. e 113
Comparison of tax results from domestic versus foreign operation of

oil and gas properties. . e mem 119
Real national income and energy consumption per capita have been

closely related in the United StateS. oo 188
Energy consumption and income are closely related throughout the

WORIA e e e ——————— 189
Rate of return on book net assets. . o 190
Effects of strict controlS. . o e ———— 816
Effects of phased deregulation . ... ool 316

Reserves of crude ofl, natural gas liquids, and natural gas in the
United States and Canada and United States productive capacity
as of Dec, 81, 1972 e 511-517

APPENDIX A

Draft of final report on planning criteria relative to a national Re-
search, development, testing and evaluation program directed to
the enhanced recovery of crude oil and natural gas, to U.S. Atomic
Energy Commission Division of Applied Technology by Gulf Univer-
sities Research Consortium. . e 569

APPENDIX B

Communications received by the Committee expressing an interest in
these heArIngS e eeccec e ——— 635

APPENDIX C

Fiscal Policy and the Energy Crisis—Briefing material prepared by
the staff of the Committee on Finance for the use of the Subcom-
mittee 0N BNergY - o e e cccccccc e m—— e —— e —————————

v



Appendix A

Draft of Final Report on Planning Criteria Relative to a National
Research, Development, Testing, and Evaluation Program Di-

rected to the Enhanced Recowtery of Crude 0il and Natural Gas
0

U.S. Atomic Energy Commission Division of Applied Technology
by ,
Gulf Universities Research Consortium

Prepared by: Joseph R. Crump and James M. Sharp

(569)



2]



571

ACKNOWLEDGEMENT

The contents of this report are based on data and
information provided by those companies listed in
~-Appendices A and B. Production and research per-
sonnel of-these companies experienced in the en-
hanced recovery of oil and gas were-exceptionally
cooperative in developing the information, partici-
pating in conferences, responding to questionnaires,
reviewing estimates and forecasts, and making their
time available to the GURC staff for individual con-
sultation. This high level of cooperation by the
individuals and by their companies who supported their
assistance to GURC in this investigation is gratefully

acknowledged.



572

DEFINITION OF TERMS

Definitions of terms used in this report are
included for crude oil in Appendix C and for
natural gas ahd natural gas liquids in Appen-

dix D. To the extent that they cover the terms
necessary to this report, these definitions are
identical with those included in "Reserves of
Crude 0il, Natural Gas Liquids and Natural Gas

In the United States and Canada and United States
Productive Capacity as of December 31, 2%,

Vol. 27, May, 1973, published by the American Gas
Association, American Petroleum Institute and
Canadian Petroleum Association. Where AGA/API/CPA
definitions had not been established, additionhal
definitions have been included in these Appendices.

ii
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DIGEST

Those critical forecasts and recommendations of crude oil
and natural gas production experts participating in this
investigation which bear on (1) the need for inclusion of
research, development, testing and evaluation (RDT&E)
directed to the enhanced recovery of oil and gas as a com-
ponent in the nation's energy research and development
program and (2) the character, scope, cost and time scale
of the program required to make maximum contribution to
the nation's requirements for oil and gas by 1985 are:

AS REGARDS RDT&E DIRECTED TO THE ENHANCED RECOVERY OF CRUDE OIL

1. Enhanced recovery of crude 0il should increase
domestic reserves by 18.5 to 36.3 billion
barrels (approximately equal to 50 and 100
percent, respectively, of 1972 domestic re-

serves).

2, If exploited independently by industry with
private risk capital, very little of these
reserves will be produced by 1985 -- much
less than is needed to help meet the nation's
crude oil requirements and to minimize or
eliminate dependence on imports.

3. Industry has developed a great deal of tech~
nology for the enhanced recovery of crude oil;
however, only a few basic methods with limited
proven range of application have reached the
state wherein assessment of risk is sufficiently
accurate to justify acceleration of application -=-
notwithstanding the very large increases in well-

head prices postulated.

4. Acceleration of enhanced recovery production can
be achieved only by the firm definition of risk.
This definition can be obtained only through the
conduct of large-scale field tests in a large
percentage of the 259 major producing domestic
fields. For the acceleration needed to result in
that production which is significant in terms of
national need in the early '80's, such tests must
must proceed concurrently with complete exchange

of information.

iii
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5. This large-scale field test program cannot be
justified on the basis of private investment
alone. Therefore, a cooperative program a-
mounting to an estimated $450 million over a
6.5 year period is recommended wherein required
funding by the federal government is estimated

at $235 million.

6. This program of large-scale field tests will
compress the time scale for enhanced recovery
production of c¢rude oil by at least a decade.
It should provide at least 423 million barrels
of Annual Production in 1985 and Cumulative
Production by 1985 of 1.8 billion barrels if

initiated early in 1974.

AS REGARDS RDT&E DIRECTED TO THE ENHANCED RECOVERY OF NATURAL
GAS

1. Enhanced recovery of natural gas could increase
domestic reserves by 612 trillion cubic feet
(approximately equal to 25 years of domestic
production at the 1970 rate).

2. The alternative methods for producing these
reserves are very limited and the probability of
success is unpredictable at this time; therefore,
attempts to exploit these potential reserves
through private capital investment are very un-

likely in the near future.

3. The primary requirement for determining both
technical and economic feasibility -of producing
these potential reserves is a large-scale field
test that would be conducted in each of three
very large basins which include large amounts of
federally owned land. Such tests must be directed
to both the feasibility of the method and to the
determination of those overall basin characteris-
tics which would control production rate and poten-

tial recovery.

4. The only means for accelerating the possible pro-
duction that would result from successful method
development and demonstration -=- and, therefore,
confident evaluation of risk -~ coupled with an

iv
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attractive market price is that of a cooperative
industry/federal program wherein the required
field tests in the three basins and corollary
research and evaluation would be carried out con-
cutrently with compléte exchange of information.

This field test program can be completed in about
five years. If economic production is demonstrated,
the contribution that can be made to the nation's
energy supply would be limited primarily by the rate
at which wells can be drilled, formations fractured,
and pipe lines constructed and could amount to

20-25 pexcent of the nation's annual requirements

by 1985,

It is not feasible to estimate the cost of the re-
guired field tests accurately at this time; and
approximate value for total cost of the field test
program with supportive research as required is
$250 to $300 million. Required federal funding is
estimated at $125 to $150 million.
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I. DISCUSSION OF INVESTIGATIVE PROCEDURE AND VARIABILITY
OF FORECASTS

This is the third and final report in a series covering
a nine-week investigation to determine:

the extent to which possible price increases

would result in increased production and re-

serves of domestic crude o0il and natural gas

through the application of enhanced (non-con-
ventional) recovery methods;

LY

the probable benefits to be derived from a
federally supported, or partially supported,
research and development program concerning
the enhanced recovery of crude oil and natural
gas as a possible component of a national
energy program; and

.+ the definition of the general character, content,
time and cost of such a program,

The information presented in this report and in Interim
Reports submitted on September 30 and October 22, 1973, was syn-
thesized from data, forecasts, estimates and opinions of 36 oil
and gas production research, forecasting and operating engineers
selected by those companies listed in Appendices A and B as being
expert and currently informed regarding enhanced recovery methods,
problems, prospects and status of methods under development and/or
test. A large number of these participants were also members of
national level trade association and agency committees responsible
for the acquisition and compilation of statistics on 0il and gas
production and reserves (wherein the emphasis is generally placed
on conventional recovery methods in known fields) and, therefore,
were intimately familiar with both the latest statistics (including
as yet unpublished reports) and the means whereby estimates and

forecasts were derived.

A series of conferences, sequential questionnaires, Interim’
Report reviews, and individual discussions were used as a modi-
fied Delphi procedure to develop an industry consensus relative to
the stated objectives. It is pertinent to note that, not only
was the time schedule exceedingly short for this development but
that it occurred at a time when the nation's plans and require-
ments relating to its oil and gas supplies were undergoing a
dramatic change. Therefore, it is useful to comment as to the

25-047 O - 74 --pt, 2--2
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variability of the estimates, recommendations, etc. from this
fairly large sampling of oil and gas production expertise in

terms of those aspects for which there was general agreement

and those for which there was significant variation:

As regards the need and justification for a
cooperative industry/federal government
research, development, test and evaluation
(RDT&E) program on the enhanced recovery of
crude oil and natural gas, there was quite
general agreement; i.e., industry considered
such a program to be necessary, well justified,
and advantageous both to the public and to the

industry.

As regards the general character, scope, time
scale and funds .required for enhanced recovery
RDT&E and the degree of federal support and
participation essential to its early completion,
there was exceptionally uniform agreement. I.e.,
there was no question that (1) accelerated pro-
duction of crude oil and natural gas, by enhanced
recovery methods, depended upon the immediate
initiation of concurrent large-scale field tests
with industry-wide information exchange, and (2)
current limitations in field test data and pro-
duction experience precluded the conduct of such
a program independently by industry on any reason-
able private risk-taking basis.

As regards quantitative forecasts and estimates of
- potential production and reserves that would be
realized from enhanced recovery methods, there was
wide variation -- particularly as regards time

scale.

- As regards "large-scale field test" methodology,
there is general agreement but, also, significant
minority opinion which should be considered in
final test program design.

Because of the obvious importance of quantitative forecasts
of Potential Additional Recovery and of Annual or Cumulative Pro-
duction as a function of year, it is pertinent to suggest the
reasons for variation in these quantities:
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A principal reason is the honest disagreement
among experts regarding the potential of a
technology for which there are inadequate data
upon which to base quantitative judgement --
however expert. This conclusion is supported

by the emphatic agreement among the participants
that limitations as to demonstrated technology
preclude forecasting with sufficient accuracy

to permit rapid and widespread production based

on enhanced recovery methods on a reasonable
private risk basis. Further, a historical com~
parison of forecasts relating to entirely differ-
ent technologies and applications -- made at .a
comparable stage of technology development and
involving the evaluation of private capital risk --
would reveal variations at least as great as those
reported in this investigation.

The year 1985 had been designated as the key year

for prediction in this investigation. 1Insofar as
production of crude oil by enhanced recovery

methods is concerned, the time lags accruing from
large-scale field test, acquisition of equipment

and materials, and reservoir fluid mechanics result
in 1985 being very nearly the pivotal, or break-point
year in a production vs. time relationship; conse-
quently, forecasts corresponding to that point in
time are subject to near-maximum variation. As
regards the enhanced recovery of natural gas, the
year 1985 is not particularly critical; however,
there is considerably less confidence as to the
amount of natural gas in place in tight reservoirs
and below 15,000 feet than there is for the Remaining
Oil-in~Place -~ which are prime variables affecting
any forecast of production and reserves.

A progression from "secondary" to "tertiary" produc-
tion of crude oil (i.e., to enhanced recovery methods)
and from "conventional" to enhanced recovery of
natural gas involves an order of magnitude of greater
complexity than did the progression from "primary" to
"secondary" recovery of crude oil. The ability to
forecast with accuracy the potential of this more
complex production technology as applied to the wide
range of pertinent lithological and operating condi-
tions within the time scale of this investigation
does not exist. Even the forecasting of production
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and reserves from known fields using conven-~
tional methods has required a comprchensive and
prolonged effort on the part of both agencies
and industry.

Definitions pertaining to the development of
statistics and forecasts for conventional pro-
duction methods have been carefully derived and
have become totally familiar to the production
industry. Comparable definitions for enhanced
recovery methods have not been developed nor is
there a standard terminology for the description
of field tests. This factor has undoubtedly pro-
duced variations in forecasts of specific items
as reported in questionnaire responses and corre-
spondence as well as the obvious inconsistency
between several of the interrelated forecasts as
reported herein. Fortunately, some of this
difficulty is compensated by this interrelationship
of questionnaire items (which permits some retro-
spective analysis) and by direct consultation.

Despite these reasons for variability, the agreement on quanti-
tative forecasts was greater than expected -- with about 2/3 of
those participating in the forecasting being within reasonably
close range of the average. Hence, quantitative figures reported
are majority opinions. Further, forecasts which were decidedly
either pessimistic or optimistic were about equally divided.
Nevertheless, because of the reasons giyen for variability, it
is considered pertinent to report the range of forecasts on critical
criteria as well as the majority opinion. For these same reasons,
it is apparent that the improvement on these forecasts can be
achieved only by a field-by~field analysis conducted by enhanced
recovery production experts. Even then, the lack of field test
performance data would preclude confident estimates and forecasts.

II. PERSPECTIVE

This report is not considered to be in basic conflict with
the previously published statistics and analyses, etc. appearing
in the numerous national level studies and reports pertaining to
crude o0il and natural gas. Rather, those statistics, estimates,
etc., (contained in such publications as the National Petroleum
Council's "The Energy Outlook", the reserves and production report
of the American Gas Association/American Petroleum Institute/
Canadian Petroleum Association, etc. -~ and such unpublished
material as the draft report of the Potential Gas Committee of
AGA/API/INGAA, which are pertinent to this investigation have been
used as basic criteria. Therefore, the criteria and recommendations
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contained herein are extensions of such basic reports wherein

specific attention is given to enhanced
recovery of crude oil and natural gas as
the single topic of interest (and which
has necessarily been a minor topic -- and
a minor statistic -- in prior studies of
much broader scope):;

the recent rapidly changing economic, energy
and political situations (post-dating most
of the published national surveys) can be
considered in the development of new judge-

ments;

the estimates, judgements and recommendations
are based on GURC's analysis of the response

of operating, engineering and research personnel
in the oil and gas industry to GURC's definition
of national information neeAds; and

being concerned with forecasts of enhanced recovery
potential rather than the compilation of statistics .
on known reserves and production potential based

on conventional recovery methods, these criteria
represent expert opinion rather than the extrapola-
tion of established statistics.

It is pertinent to note, however, that the forecasts as
presented herein appear to vary from those in, for example, the
"U.S. Energy Outlook" for enhanced (tertiary) recovery of crude
oil. Specifically, Case II (the "intermediate") production
projections in the "Outlook" indicate a probable production rate
of crude oil of about 1.5 million barrels per day from known
domestic fields in 1985. This 550 billion barrels per year is
optimistic according to the majority opinion reported herein,
particularly since the RDT&E e%fort as defined herein is not a
prerequisite for that figure. Nevertheless, there was no dis-
agreement among the participants in this investigation, that the
RDT&E described herein will accelerate the enhanced recovery
time scale by a decade or so, and projected Annual Production in
1985 reported herein, coupled with the nation's critical need
for domestic crude oil, definitely supports the strong argument
for such a program. It is notable, also, that the "Outlook"
projections are not far different from the higher forecasts pre-
sented herein excepting that they are independent of the large-
scale program of concurrent field tests considered essential to the
forecasts developed under this investigation.



584

III. ENHANCED RECOVERY -~ CRUDE OIL AND NATURAL
GAS COMPARISON

Excepting the recovery of dissolved natural gas in the
enhanced recovery of crude oil, the "enhanced recovery" of crude
0il and natural gas are completely different in terms of both the
basic problems to be solved and the nature of the methods needed
for their solution. They arc competitive only as means to provide
alternate domestic sources of energy. They are complementary
mainly in terms of the applications of basic geological and
geophysical knowledge, materials and drilling technology, etc.

Enhanced recovery of crude oil requires a means for dis-
placing oil from the reservoir rock, modifying the properties of
the fluids in the reservoir and/or the reservoir rock to cause
movement of crude oil in an efficient manner, and providing the
energy and drive mechanism to force its flow to a production well.
I.e., its purpose is that of making recovery possible and, of
course, economical. On the other hand, enhanced recovery of gas
requires no modification of gas properties nor the supply of
other than the natural energy and drive mechanism inherent in the
reservoir; rather, it requires the increase of production rate to
an extent which make% recovery economical.

Enhanced recovery of crude requires the injection of
chemicals or enerqgy as required for displacement and for the
control of flow rate and flow pattern in the reservoir followed
by a fluid drive to force the oil toward a production well. En-
hanced recovery of natural gas requires (1) the creation of a
production well with sufficiently large area penetration into the
reservoir rock that flow rates result in economic production, or
{(2) the solution of problems arising from the high temperatures
and pressures associated with otherwise conventional recovery

below 15,000 feet.

Enhanced recovery of crude refers generally (1) to
"additional" recovery from fields wherein primary and conventional
secondary (water flood and pressure maintenance) production has
been completed -- or could have been -- or (2) to new recovery
from fields where primary and secondary production were either
impossible or uneconomical because of crude properties (generally
high viscosity) rather than low values of porosity, permeability
or oil-in-place. Enhanced recovery of natural gas refers to one
problem only -- the economic recovery of natural gas from reser-
voirs with extremely low permeability and/or depths greater than
about 15,000 feet. The term "enhanced recovery" as applied to
crude oil appears preferable to "tertiary"” since the principles
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and methods employed in enhanced recovery may be most effectively
applied when the production of the field begins (as, indeead,
secondary methods are now frequently employed concurrently with
the initiation of primary production)., 1I.e., "primary", "second-
ary”, and "tertiary" imply sequential application (which has

been the case traditionally) whereas overlapping or even con-
current application may well result in optimum recovery and pro-

duction rate.

Considering that enhanced recovery refers to (1) crude
oil recovered over and above that listed as Proved Reserves and
Indicated Additional Recovery and (2) natural gas obtained by
non-conventional me*hods from extremely low permeability fields,
some approximate comparisons can be made which are useful in
determining their importance as future energy sources. The follow=
ing figures are subject to refinement in later discussion:

The average of the "reasonable estimates" of
total enhanced recovery of crude and natural
gas are, respectively (and approximately):

L]

0il: i%ion barrels, or
20 x 10 BTU

Gas: 500 {élxon cubic feet, or
50 x 10 BTU

Hence, in terms of enhancement of total energy
reserves, they are both potentially large and
are of the same order of magnitude.

For crude oil, both enhanced recovery technol-
ogy and pertinent reservoir knowledge are more
advanced than for natural gas; however, neither
has advanced to the point where normal risk-
taking private enterprise responding to even
large market price increases would result in
the production needed in the early and middle
'80's. Production probability for specific
fields is not sufficiently predictable to permit
other than limited and sequential risks on a
field-by-~field basis for either crude or gas.

The principal requirement, if significant early
1980's production of either crude oil or natural
gas is to be accomplished, is the rapid comple-
tion of a large-scale program of field tests --
as necessary to a high confidence level risk
assessment -- which involve a large percentage
of major producing fields.
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The enhanced recovery of both crude oil and
natural gas face definable time lags before
large-scale production can commence:

.+. time for completion of field tests
-- for both crude oil and gas;

time to acquire materials, drill,
and complete production installation
-- for both crude oil and gas; and

time from initiation of operations
to initial production

+ess determined by well spacing
and fluid mobility in the
field for crude oil,

determined by radiation
safety requirements for gas

using huclear stimulation,

and

LRI

«++. negligible (by comparison)
for gas using massive hydrau-
lic fracturing or conventional
production from below 15,000 feet.

At this very early stage of appraisal, both "enhanced crude"
and Yenhanced gas" constitute sufficiently large potential sources
of energy to justify consideration as (1) prime energy sources
for the next few decades and (2) sources of raw materials for
chemical processing thereafter., Compression of the time scale for
their availability is, therefore, the prime consideration. 1If
coordinated large-scale field tests, as described generally herein,
are initiated quickly, a very large time scale compression can be
achieved. Further compression might be realized through federal
subsidies of production readiness (i.e., early availability of
chemicals, drill pipe and tubing, compressors, etc. in preparation
for prospective need); however, this was not a suggestion by
industry generally nor was ‘this specific possibility investigated
except in a few individual discussions.

This assessment of the differences in technology involved
in potential RDTSE programs on enhanced recovery of crude oil and
of natural gas indicates that the programs are best considered
separately at this stage; hence, they are so treated in subse-
quent sections of this Report.
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Iv. SUMMARY OF FORECASTS AND RECOMMENDATIONS RELATIVE TO

e Genrr———a o —— — —————

THE ENHANCED RECOVERY OF CRUDE OIL

A. Probable Effects of Price Increases

Figure 1 summarizes statistics presented in the AGA/
API/CPA reserves study for rapid reference. As shown, an esti-
mated 293 billion barrels of crude oil will remain in the ground
after completion of primary and secondary recovery. The fact
that none of this is included in Proved Reserves nor Indicated
Additional Recovery is indicative of the abrupt increase in the
difficulty and cost of recovery, the inadequacy of information
of primary factors needed for accurate risk assessment, and the
high cost of obtaining risk evaluation criteria (i.e., large-
scale field tests). Were this not the case, the petroleum industry
would already be actively exploiting enhanced (tertiary) methods

to a much greater extent.

With rapidly decreasing supplies of crude oil and both
current and predicted rapidly increasing wellhead prices, the
incentive to accept a higher risk increases proportionately --
'provided other factors do not control. Therefore, an early objec-
tive of the investigation was that of determining the probable
effects of price increases of roughly 50 and 100 percent over
current prices on a non-inflationary basis on the production and
reserves of crude oil that would be realized through enhanced
recovery methods, with emphasis on Cumulative and Annual Produc-

tion through 1985,

The definite consensus of the industry participants
as regards the effects of such price increases was:

Enhanced Recovery of crude oil is
technology limited (in terms of
adequate field test data and produc-
tion experience) to such a degree that
increases of even 100 percent over
current prices would have little
effect on production by enhanced re-
covery methods in the early '80's.

Because of the inadequacy of field test
data and production experience and the
costs of obtaining such information,
production and reserves to be realized
through Potential Additional Recovery
by enhanced recovery methods cannot be
predicted with sufficient accuracy and
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EIGURE 1
CLASSIFICATION OF PRESENTLY KNOWN DOMESTIC CRUDE OIL RESCURCES
(434,238,193 THOUSAND BBLS., ORIGINAL OIL-I}H-PLACE)

Date from Reserves of Crude 0Oil, MNa
Gas in the United States and Canada
Capacity as of December 31, 1972, V

AS OF 12/31/72

CuMuLATIVE INDIVIDUAL
Bus x 109 _% BeLs x 109 2
434,04 100,00
% - UNRECOVERABLE
? BiLLioN BArreLs
S [ S———
POTENTIAL ADDITIONAL 292,59 67.41
RECOVERY
? BiLL1oN BARRELS
INDICATED ADDITIONAL
141,44 32,59 RECOVERY?_, »
5.19 1.20
136,25  31.39 N\
> | PROVED RESERVES 36,34 3.37
99,91 29,02 &
S
(W]
:‘J CUMULATIVE
g PRODUCTION 99,91 23,02
5
0.00 0.00

atural Gas Liquids, and Natural

10

ol. 27, vay

and United States Productive
1973, AGA, APT, CPA

~——— REMAINING OIL-IN-PLACE —
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confidence to permit other than sequential
field tests and, therefore, sequential
production ventures regardless of wellhead
prices. Admittedly, however, price in-
creases in combination with the critical
national need will result in greater than
normal risk taking as regards- all possi-
bilities for increased domestic crude oil
production, including enhanced recovery.

HOWEVER,

Enhanced recovery of crude oil will make a
significant contribution to the nation's
energy requirements in the early '80's if
(1) the program of concurrent field tests

as recommended herein is implemented immed-
iately and (2) reasonable wellhead price
increases accompany the development of field
test data and information.

It is recognized that the firm consensus that large
price increases would not result in early and widespread applica-
tion of enhanced recovery methods by private industry and, there-
fore, in rapid increases in production by such methods in the
near future is contrary to general opinion. Technical publica-
tions alone would indicate that much research has been completed
by industry on the enhanced recovery of crude oil but that economic
problems delay application. Therefore, their application as a
result of price increase would appear to be reasonable. This
investigation confirms that this is, indeed, the case. Industry
is both willing and able to develop and apply enhanced recovery
methods at a rate which is scientifically and financially prudent,
taking into account its responsibilities to its stockholders.
Further, the very recent energy crisis will undoubtedly result
in the acceleration of enhanced recovery application by industry.
The consensus, therefore, merits some explanation.

Indeed, there are numerous enhanced recovery techniques
for crude oil which have been evaluated in the laboratory and in
small (1/2 to 2 acre "five spot" or single well "mini-tests")
which, if applied without regard to economics, will produce more
of the Remaining Oil-in-Place after completion of secondary pro-
duction (water flood and pressure maintenance). And certain of
these techniques have been field tested on sufficient scales in
time and spatial extent (with to:al test production of several
hundreds of thousands of barrels) that they appear ready for major
pre-production field testing at least in shallow (less than 3,000
feet) sandstones wherein (1) flow continuity and pattern can be
reasonably well established from water flood production experience,

11
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(2) porosity and permeability are adequate, (3) pay zone thickness
and oil concentration are adequate, and (4) variability of reser-
voir properties and continuity of lithology and structure are
reasonably well known. The application of these latter techniques
in such formations appears economical (profitable) with relatively
modest increases in the price of high quality crudes. Even within
these restrictions, national production levels by such techniques
are worthy of serious consideration in a national energy program.
However, the majority of industry considers extrapolation of such
methods to other fields with even comparable lithologies and
operating parameters to be both high risk and not necessarily indi-
cative of the optimum production method or technique for that
field. Further, production from many major reservoirs (e.q.,

Gulf coast) with natural water drives is so efficient that further
recovery by any method may be infeasible or uneconomical and,
therefore, requires comprehensive testing., Therefore, the
immediate application of even field-tested techniques is too
unpredictable for major private capital risk (even at double the
current price) until completion of tests in a large percentage

of the major producing fields (currently, 259 fields, excluding
Purdhoe Bay, in the U.S. account for about 90 percent of the pre~
sent reserves, about 60 percent of the cumulative production, and

nearly 70 percent of the annual production).

The major field testing required, if financed exclusively
by private capital, must be done sequentially because of cost.
Major acceleration of enhanced recovery requires that such field
testing bhe accomplished concurrently in parallel field tests with
free exchange of information as to field test results. The very
firm consensus as to the reasons why such parallel tests cannot

be undertaken independently by industry are:

Indeterminate Risk: The state of knowledge
regarding enhanced methods and their appli-
cation to varying reservoir characteristics,
size, depth, lithology, etc. denies any
reasonable estimate of the probable recovery
in a specific reservoir. Only large-scale
field tests supplemented with highly directed
supplemental R&D can overcome this difficulty.
Regardless, therefore, of a high price per
barrel, the confident prediction of barrels
to be produced is required if price is to
result in probable profit.

Front-End Costs: Regardless of the basic
method used, initial costs for enhanced
recovery are very large. In, for example,
methods employing entrained polymers for
mobility control or surfactants for crude

12
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o0il displacement, it is estimated that as
much as eight pounds of chemicals are re-
quired to produce one barrel of crude oil
from some reservoirs. Under these condi-
tions, enhanced recovery production of a

10 million barrel field would. require 80
million pounds of polymer -- WHICH MAY HAVE
TO BE TAILOR-MADE FOR EACH FIELD. Other
large front-end costs include the injection
equipment (compressors) =-- which, also, will
generally be special order -- and preparation
of the field (e.g., if it has already been
water flooded, the water may have to be
removed before enhanced recovery methods can

be applied).

Time Lags: Three time lags -- to a large
degree sequential -- impose a total lag in
time~to-payout which further inhibits risk-
taking. As stated, large-scale field tests
must precede-full field application; even

such field tests require large amounts of
chemicals and special equipment (which

require time for production) and then several
years may be required for fluids to move
through a test site and generate production
test data. Although larger initial investment
will accelerate the learning curve through more
comprehensive testing programs, no amount of
capital will accelerate the slow rate at which
fluids move through the reservoirs. Secondly,
the production of the large amounts of front-end
materials will require the construction of new
chemical plants, some of which must have flexi-
bility of end product. Thirdly, as in the field
test, it takes time for a fluid drive, steam,
fire flood, etc. system to move through the
reservoir and drive the crude oil to the pro-
ducing well -- encompassing some years in a
sizeable field.

For these reasons, federal support of parallel field

tests is essential to early '80's production by enhanced recovery

methods.

The primary benefit which will accrue from such support

of field testing of these various technologies, and the incidental

corollary

research designed to optimize the benefit to result

from the field tests, is that it permits the conduct of a signifi-
cant number of field tests simultaneously. This will make avai

able to the public more data on most of the individual tests than

would normally be obtained by a company for its own purposes.

13
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very significantly, it will provide the basis for judging the
optimum technology to be applied to a large variety of field
conditions at a far earlier time than would occur otherwise.
The result is far more rapid and wide scale commercial appli-
cation than would otherwise be the case. In effect, the
government, in the interest of making more domestic oil avail-
able at the earliest possible time, is assuming a risk which
the industry cannot prudently assume.

B. Priority Criteria Relative to the Enhanced
Recovery of Crude 0il

Priority appears to depend on forecasts of Annual Produc-’
tion in 1985, Cumulative Production by 1985, and Potential Addi-
tional Recovery. Because these are critical forecasts, the lowest
and highest forecasts are included with the average value. As
stated in Section I, about two-thirds of the forecasts were close
to the average value with maximum variations being about evenly
divided between high and low forecasts. The forecasts of sub-
paragraphs 1 and 2 assume inclusion in the ERDA program of the
cooperative large-scale field test program described herein be-

ginning in 1974.

1. Production by enhanced recovery methods
is estimated at:

a. Cumulative production by 1985:

(1) The "almost assured"
estimate: 1.8 Billion bbls

(2) The "realistic"
estimate: 3.4 Billion bbls

(3) The "reasonable"
estimate: . 5.9 Billion bbls

b. Annual production in 1985:

(1) Average forecast: 423 Million bbls
(2) Lowest forecast: 100 Million bbls
(3) Highest forecast: 800 Million bbls

Note: It appears that the average forecast for
Annual Production in 1985 corresponds most closely
with the "almost assured" Cumulative Production by

14
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1985. Time lags described in paragraph A
argue for the "almost assured" value of

1.8 billion barrels of Cumulative Production
in combination with the average Annual
Production in 1985 of 423 million barrels as
being the most acceptable criteria for ERDA
planning and priorities.

Potential Additional Recovery by enhanced
recovery methods has been a consistent fore-
cast throughout the several iterations of the
modified Delphi procedure; again, the average
is representative of about two~thirds of the
participants, with higher and lower forecasts
being about equally divided. The forecast
values were:

a. The "almost assured" forecasts:
Average forecast: 18.5 billion bbls

Lowest forecast: 5.0 billion bbls

Highest forecast: 60.0 billion bbls

b. The "reasonable" forecasts:

Average forecast: 36.3 billion bbls

Lowest forecast: 15.0 billion bbls

Highest forecast: 100.0 billion bbls

This amount of crude oil (18-36 billion barrels
according to the consensus) nust be considered a
major contributor to the nation's supply of both
energy and raw materials for chemical processing
in the next several decades. Should the higher
forecasts prove correct, the importance of this
resource would indeed be impressive. It should be
noted that this consensus amounts to 6-12 percent
recovery respectively from the 293 billion barrels
of Remaining Oil-in-Place; the lowest forecast is
less than 2 percent and the highest is about 34

percent.

15
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Relative Priority Considerations

A large fraction of the production research and
operations perscnnel participating in this pro-
gram are employed by coppanies of sufficient size
that their research and investment interests

cover a fairly large part of the energy source
spectrum., This is particularly true of those
sources which might constitute an alternate

source of crude oil or natural gas or substitutes
therefor. 1I.e., company management, research,
economic analyses, etc., have directed a signifi-
cant investment of time, funds and facilities to
the evaluation of alternate energy sources as
means for maintaining or expanding their invest-
ment in the "energy business". Although the

scope of this program was limited to enhanced
recovery of crude oil and natural gas, it appeared
useful to explore the relative position of en-
hanced recovery as basic means for obtaining energy
in the near (1975-1985) future and beyond as com-
pared with alternatives under active (and, in many
cases, long) consideration by these companies.

The opinions of the participants regarding RDT&E
on enhanced recovery of crude oil as a component
in the ERDA program in comparison with RDT&E
directed ‘to energy derived from oil shales, tar
sands and coal were that enhanced _recovery of crude

oil was

favored over recovery from oil shales
and tar sands almost 2:1 (NOTE: tar
sands are located in Canada, which
would affect relative priorities);

rated about equal with coal gasifi-
cation but generally higher than coal
conversion to syncrude; and

rated about equal with the removal of
50, from stack gases.

NOTE: While priorities and funding usually
correspond, the above priorities do not:
rather, they concern whether an ERDA program
should include an enhanced recovery of crude
component among its various alternatives rather
than being concerned with relative funding.

16
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~

That is, it is apparent that (gencrally
reported individually since questionnaires
were not directed specifically to this
question) direct utilization of coal for
energy production offers the most immediate
opportunity for solving some facets of the
energy problem but, also, that maximizing
current oil and gas availability appears to
be one of the nation's most urgent needs;
hence, the recommendation that neither be
omitted in an ERDA program.

C. General Recommendations

The following recommendations as to the need for inclu-
sion of enhanced recovery RDT&E for crude oil and as to the nature
of the RDT&E effort required have been unanimous and unchanging

throughout the investigation:

1. The nation's energy program should include
an accelerated RDT&E program directed to
the earliest practicable productipn of

- crude oil by enhanced recovery methods.

NOTE: Certain basic considerations
continue to be emphasized in
support of this recommendation:

Potential Additional Recovery (that
in excess of Proved Reserves and
Indicated Additional Recovery) is
sufficiently high to be of national
importance.

Primary and secondary production in
known fields is declining such that
potential well shutdown is a present
threat to the application of enhanced
recovery methods. Once a well is
plugged, there is little likelihood
that enhanced recovery can be prac-
ticed economically. Once field pro-
duction is terminated, lease ownership
also terminates such that ownership
may no longer be in the same corporate
entity. Current shutdown and plugging

17
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exist principally in stripper wells

rather than major producing fields;

however, enhanced recovery will be-

come necessary in major fields at a

later time -~ and sufficiently soon

that accelerated application of en-

hanced recovery methods is desirable
from this point of view alone.

The type of program required is a major coopera-
tive program of parallel field tests with complete
exchange of information. Primary characteristics
of such a program are:

- Each test operation must be conducted
by the fieIg operator (company);

Planning and evaluation must depend
heavily on the utilization of engineer-
ing, economic, research and management
expertise available from the production

industry;

Field tests should be supplemented with

such research and development as may be
needed to improve field test measure-

ments, data and information exchange,
materials performance under varying litholo-~
gies and operating conditions, etc.;

Field tests must be on a scale in both

space and time which permits accurate extrapo-
lation to projected production from a speci-
fic field with sufficient accuracy to justify
investment risk; in particular, the size must
test intrafield variability in terms of its
effect on displacement and sweep efficiencies.
The nature of the field test required to
satisfy these requirements varies signifi-
cantly among the producing companies =-
ranging from large acreage multi-well tests
(the majority approach) to a large number of
single~well (mini) tests; and

Direct, high confidence interfield extrapo--

lation of field test results is unlikely
even for comparable lithologies, structure

18
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properties, etc.; hence, son2 large-

scale testing will be required in many

of these 259 fields now providing 90
percent of domestic inland oil reserves,
However, the size and duration of the

tests can (probably) be downgraded in

cases wherein other field tests included
properties, geometry, water flood histories,
etc, that are comparable.

Until recently, the highly competitive posture in the
petroleum industry has been beneficial. This will continue to be
true insofar as exploration is concerned. However, in the applica~
tion of enhanced recovery, ownership is already established for
the nost part. Therefore, with a serious energy shortage, the
principal need for the application of enhanced recovery being
that of concurrent large-scale field tests, and the unattractive
economic risk associated with private funding of an accelerated
testing and applications program, both the public and the companies
should benefit from the proposed cooperative approach. The above
recommendations, then, are not contrary to the established competx-
tive posture of the petroleum industry.

D. General Description and Relative Potential of Euhanced
Recovery Methods

1. Basic Methods

There are four categories of methods (each with
numerous variations in terms of procedures,
materials, etc.) for enhanced recovery of crude
oil for which current technological understanding
would permit the consideration, and design, of
field tests which should be definitive in terms
of extrapolation to total field production.

a. Thermal methods (steam, hot water, in situ
combustion, etc.) wherein heat energy 1is
added to the formation to (l) vaporize
average gravity oils which are otherwise
trapped in the formation by capillary
forces, or (2) reduce the viscosity of heavy
crudes, and frequently generate pressure,
as necessary to create economical production
rates. Certain thermal methods have been in
use to such an extent that they may not be
properly classified as enhanced recovery
methods; (e.g., steam "huff and puff" and

19
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hot water methods have been used for some

years and now account for small amounts

(on a national scale) of prodiction. How-

ever, thase were not distinguished from

the more advanced concepts (e.g., COFCAW --
Combination of Forward Combustion and Water-
flooding) in estimating the relative potential
of the basic methods as shown in subparagraph 2.

Pseudo miscible methods (also termed "chemical,
micellar, microemulsion, swollen micelle,
soluble oil, etc, recovery") wherein

surface active agents in solution or

in multi-phase dispersions are intro-
duced into the reservoir rock to,
respectively, reduce interfacial ten-
sion or miscibly displace the hydrocarbon
or connate water through the reservoir
rock. Thus, where o0il external micellar
dispersions are utilized, the oil is
miscibly displaced through the reservoir
and the connate water where, among other
possible mechanisms, it is incorporated
within the micellar dispersion as an in-
ternal phase in a pseudo-miscible dis-

placement; and

the micellar (surfactant) slug is then
forced through the reservoir using a
polymer~thickened water for mobility
(viscosity) control in order to achieve
efficient volume sweep of the reservoir
rock by the surfactant.

Carbon dioxide miscible methods wherein COj

is used as the agent to enhance oil/water
miscibility and the CO, slug is driven through
the formation by either water or gas.

Hydrocarbon miscible methods wherein a slug

of hydrocarbon material (gas or liquid) with
high o0il miscibility is driven by gas pressure
to displace oil from the rock and move it to

production wells.

20
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It must be recognized that any method utilizing
surface active agents to achieve miscibility or
pseudo miscibility and, thereby, displacement

of the o0il through the reservoir rock, nust

achieve and maintain high "displacement efficiency"
throughout the specific field and, therefore, must
be "tailored" for efficient performance over
specific ranges of both chemical and physical vari-
ables (temnerature, pressure, ion content and
concentration, pH, crude oil properties, etc.).
Similarly, chemicals used to provide mobility
control and, thereby, achieve high "sweep efficiency"
must also meet chemical/physical specifications
based on field properties and conditions. Proposed
(and lab-tested) chemical combinations for achieving
displacement and sweep efficiency are, to say the
least, numerous. Variations of the basic methods
for thermal, CO, and hydrocarbon miscible methods
are not as abungant but are, nonetheless, large

in number.

The reservoir chemistry/physics/geometry conditions
favorable to specific methods and techniques have
been determined in a general fashion. Laboratory
and very small-scale field tests predominate in

the development of such criteria; only certain
limited applications of thermal methods and a ver
few micellar systems have been tested sufficiently
to permit reasonably accurate design of an enhanced
recovery production plan and these are limited to
fairly narrow ranges of depth, lithology, ion
concentration, etc.

In considering the estimated comparative performance
of thermal methods as presented above, it should be
emphasized that this estimate does not apply to the
large quantities of very heavy o0ils and tars for
which "known" enhanced recovery production methods
do not now exist. Rather, it refers to (1) oils
which are too heavy for economical production at
formation temperature wherein a realistic increase
in temperature .reduces viscosity sufficiently to
permit economical production via a fluid route to
the production well, or (2) oils of average gravity
which are trapped by capillary forces wherein
mobility is achieved by vaporization. For example,
steam "huff and puff"” might be used to create the
continuous fluid route between wells after which
other continuous flow methods (e.g., combination of
forward combustion and water drive) might be estab-

lished.
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Relative Production Potential of the Basic

Methods

The consensus of estimates of the relative amounts
of enhanced recovery of crude oil that should be
realized by the application of these four basic
methods was: .

a. Thermal: 29 percent
b. Micellar: 58 percent
c. Carbon dioxide: 8 percent
d. Hydrocarbon miscible: 5 percent

NOTE: The percentages for micellar and thermal
methods were quite uniform among all participants.
Those for CO, and hydrocarbon miscible varied
widely in terms of percent deviation (ranging
from nearly zero to as high™as 12 percent, e.q.,
for CO,), but there was complete agreement that
the ulgimate recovery from these two methods is
much smaller than that to be expected from either
thermal or micellar methods.

Field Test Procedures and Configurations

1.

]
Field Test Objectives

The obvious objective of field testing is to deter-
mine the overall efficiency of production to be
expected from the entire field. Specifically, it
is necessary to ascertain the efficiency of the
energy or chemicals used to displace oil in the
reservoir and the uniformity with which the dis-
placement fluid or energy moves through the pro-
ducing formation -- i.e., the displacement effi-
ciency and the sweep efficiency. The objective of
field test design is to determine the test method,
size and configuration of the test which permits
confident prediction of recovery and production
rate at least cost and time.

Preliminary Evaluations

In general, companies actively engaged in enhanced
recovery development have completed:
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Laboratory testing using field cores, both
"fresh"” and "restored", to obtain basic
design parameters for a proposed test in

a specific producing field. Many of these
have been carried out for a number of
method/field combinations;

.o Anal¥sis of pertinent geophysical, outcrop,
mu ogs, well logs, core, and production
data for preliminary evaluation of feasibility
and design of the field test; and, in many

cases,

Small-scale field testing generally designed

to determine chemical stability in the pro-
ducing formation and preliminary values for
displacement efficiency. Such tests involve

the smallest feasible (for test validity)

travel of the injected energy, fluids, chemicals,
etc. Frequently used approaches are

.o

++o Small (1/2 to 2 acres) "five spot"
configurations (four injection wells
at the center) ~-- such that travel is
of the order of 100 to 200 feet from
injection to the production well; or

"Mini~tests: which involve single

injection well tests with evaluations
being made from the analysis of cores.

Test Method Variability

As stated in paragraph C,2, test procedures and
configurations and the area and/or well spacing
considered to constitute an adequate field test
vary from company to company. They will also vary
from field to field. Based on information such as
that identified in subparagraph 2, a decision must
be made as to the test size, configuration and
method which adequately accounts for the effects of
variability in the reservoir of such parameters as
permeability, ion type and concentration, pH, forma-
tion thickness and conformation, etc. and thus
permits accurate extrapolation of test results to
the entire field. Under normal conditions, test
costs dictate that testing in a single field be
conducted in an incremental fashion -- beginning
with a small “sample" of the field and expanding in
planned steps to an "adequate" sample as test re-
sults direct.
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In view of the nation's needs for crude oil,
time becomes an important factor in the design
of field tests. For maximum time compression,
it is desirable that the number and size of test
increments be minimal and, especially, that
parallel field tests with information exchange

be conducted.

This combination of important and generally inde-
pendent factors influencing field test design
precludes the possibility of "standard" field tests;
also, it probably accounts for the general lack of
standard terminology, test configuration, etc.
mentioned in Section I1. However, information
exchange will greatly expand the utility of each
field test and the ability to extrapolate data to
different fiélds with comparable lithology and

operating parameters.

Objectives of thié Investigation

In this investigation, it has been necessary to
define the general scope, nature, cost, etc. of
individual field tests, the number of such tests
that are required to accelerate enhanced recovery
for national needs, and the total cost of the pro-
gram. In spite of the variabilities mentioned in
the previous paragraph, forecasts of duration, scope
and cost of field tests were quite consistent as was
the estimate of the total number of tests that would
be required in the overall program.

Intrafield Test Size and Configuration

One factor which influences field test (and produc-
tion) design isg that the location and distribution
of primary and secondary production or injection
wells has often been dictated by governmental regu-
lation or industry practice rather than optimum
flow patterns in the reservoir. Essentially arbi=-
trary stipulations of well density and arrangement
designed to facilitate legal and regulatory problems
have resulted in well distribution geometries which
may not be optimum for water flood recovery (and,
therefore, for most enhanced recovery applications
also). 1In general, the application of enhanced
(tertiary in such cases) recovery methods is more
economical if maximum utilization can be made of
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existing water flood injection and production
wells. Hence, large~scale field test patterns
and plans, to a large extent, conform to existing
arrangements of such wells in order that test
costs be minimal. 1I.e,, large-scale field tests
tend to involve increments of 20, 40 and 80 acres.

Test geometries are generally described as "5-spots",
"9-spots", or "line drives" defined as follows:

.. S5-spot: A square with four injection wells
at the corners and a production well
at the center.

+» Inverted 5-spot: Same as the 5-spot except
for reversal of the injection and
production wells.

.+ 9-spo~t: Square with one production well at
the center and three injection wells
evenly spaced on each side.

.. Inverted 9-spot: Same as 9-spot excepting
reversal of injection and production

wells.

.. Line drive: Rectangular pattern with alter-
nating rows of evenly spaced
injection and production wells,

Single-well mini-tests: Uses injection in
single wells with evaluations being
made from cores taken short distances
from the well, which are used:

to compress the time required to
complete a field test wherein
results obtained are used as feed-
back in the design of continuing
or future field tests and as input
for laboratory research; and

to supplement production-type

tests (e.g., 5-spots) and large-~

scale intrafield testing wherein
displacement values from mini-tests
are used in conjunction with recovery
data from the 5-spot test for extrapo-~
lating to a total field recovery value.
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These geometries are descriptive, but far from
all-inclusive, of the arrangements and incremental
steps that might be optimum, in the field opera-

tor's opinion.

In attempting to determine field variability at
minimum cost and time, the test designer appears

to follow the 20, 40 and 80 acre increments but

with additional wells drilled to reduce travel
distance and time required for the tertiary "slug"
to complete the transit from injection to production
(or to smaller wells for coring interspersed between
injection and production) wells. For square geo-
metry the total travel distance between unlike wells
would increase progressively from 140' to 330' to
660' to 933' to 1320' as the test acreage is in-
creased from 1 to 5 to 20 to 40 to 80 acres. It

is apparent that time compression as considered man-
datory for early completion of field tests -- and,
therefore, early '80's production -- will require
careful design to meet both the requirement for valid
variability determination and minimum time for
completion. A "typical" suggested field test con-
figuration is, for example, a "fully enclosed 5~
spot" -~ i.e., nine contiguous five acre increments
with, therefore, nine production and sixteen injec-
tion wells. The "consensus" configuration, obtained
by averages of well acreage and spacing, is about

30 acres and 726 feet respectively -- possibly indi-
cating equal numbers of 20~ and 40-acre tracts --
and requires a total of 22 wells. A total test of
one 30 or 45 acre tract is not considered adequate
for major fields; in fact, a rounded figure of $1000/
acre/year for field testing used in conjunction with
the total test cost figures reported in subparagraph
6 indicates that total test acreage in major fields
would be of the order of 600-1000 acres. These
large acreages are confirmed by individual consulta-
tion with a number of the participants.

The above figures for average test acreage and
well-spacing appear to indicate that an overall
large-scale field test program allowing for

sequential testing in some fields --
i.e., where small acreage tests are
later expanded;

single well testing, in replicate, to
determine formation characteristics and
recovery method efficiency under field.
conditions; .
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terminated tests in some fields --
i.e., where measurements at the injec-
tion wells indicate inefficient and
otherwise unsatisfactory performance;

extrapolation testing -~ i.e., wherein
results from one field are verified

(but on a more limited field "sample")
for application to another similar field;

and

.+ unusually large tests -- i.e., where
either field size (and, therefore, re-
coverable oil volume) or variability is
such that a large (400-600) acre sample
is necessary for accurate extrapolation
of test results to production and recov-

ery probability
would probably consist primarily of a mixture of

20- and 40-acre test increments but would include
a few that could be much larger.

Test Cost and Duration

The "mix" of tests, as well as the total numbers
that must be conducted and in what sequence, in
order to optimize both pre-1985 production and
Potential Additional Recovery, would require an
in~depth field-by-field analysis with complete
industry cooperation. At this point, the consensus
-- with considerable reservations until the in-
depth analysis is made -- regarding the number,
duration and cost of the average large~scale test

is:
.. probable total number: 91
.. average cost per field test: $4,100,000
.. average duration of field test: 53 months
consisting of:
... planning and tool-up: 13 months
..+ conduct of test: 34 months

... final analysis (for field
production purposes): 6 months
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breakdown of average individual
field test cost vs, time:

... months 1 - 6: 9.68 percent
«.+. months 6 - 12: 25:43 percent
o ménths 12 - 24: 28.10 percent
... months 24 - 36: 18.05 percent
.». months 36 - 48: 14.99 percent

end: 3.75 percent

... months 48

The Field Test Program

The consensus regarding the total industry/federal
cooperative RDT&E program which would ke directed

to the most effective combination of early produc-
tion with maximum Potential Additional Recovery is:

probable program duration
(assuming 91 tests as defined

.

in E): 6.5 years
.. total field test costs

(based on average cost/test

in E): $373,600,000
.. earliest possible starting of ’

individual field tests: 6 months
.. average time to complete pre-

paration for field test (plan-

ning, procurement, drilling): 13.2 months

Questions directed to the participants resulted in
unanimous agreement that, in the interest of collaps-
ing the time scale as much as possible, some of the
field tests already in final planning stages should
be initiated as soon as feasible. Aside from the
need for maximum time compression, a few cooperative
tests underway would be a most useful guide in the
development of the overall enhanced recovery RDT&E

program.
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Regarding federal/industry cooperative support of
the field test program, it was the consensus that-
the ratio of funding should be somewhat flexible

and should be responsive to individual proposals for
conducting such tests, bearing in mind that a single
proposed test will often involve use of a unitized
field such that multiple-company "ownership" is
involved for which there is a single operator. How~
ever, the general support formula considered con-
sistent with investment risk, etc. ranged from 1:1
to 2:1 ratios of federal/industry support.

Assuming a l:1 funding ratio, a federal cost for

field test support only would amount to approxi-
ma‘ely $185 million. Estimates of required corol-
lary research and development have not been made,

nor can total agency/industry management costs be
estirvated independently. Therefore, it is recommended
that a figure of $450 million be used for total pro-
gram cost. The amount of cost sharing in the support-
ing research and management costs of the program has
not been determined in this program. However, for

the purpose of preliminary estimating at this time,
the federal share of the total program cost is
suggested to be $235 million.

The estimated "start-up" period of 13.2 months
indicates that, should a program be initiated in
early 1974, that most tests would not be initiated
until 1975, However, there are field tests in final
planning stages for which major commitments for
materials and equipment could be made by mid-1974.
Hence, 1974 should include the organization, pro-
gram planning, proposed field test reviews, etc.

as necessary to initiate the program with minimum

delay.

Federal participation in the field test program as
described should not be interpreted as applying to
any further shortening of total production time
scales; e.g., by overlapping the test phase with

the development of materials and equipment for
initiating full-scale production. This degree of
time scale compression would be an order of magni-
tude greater risk from the point of view of in-
dustrial investment. Production front-end costs and
time from production operation initiation to actual
production is too long to permit industry under-
writing on other than a subsidy basis, e.g., long-
term loans to be paid out of profits.
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Supporting Research, Development and Training

The participants generally endorse the need for
research and development in support of the proposed
field test program provided (1) it is closely
coordinated with the field tests-and (2) is directed
to specific field test and subsequent production
information needs. 1In so doing, it was stressed
that the capability, in terms of personnel and
equipment, resides within the petroleum industry.
The cost of such a program cannot be estimated at
-this time; however, it is probably of the order of
$10 million/year if it is to be effective on a time
scale commensurate with information needs. In-
dustry's RDT&E expenditures are currently estimated
at (according to th2 consensus of participants)
$81 million/year for enhanced recovery; of this,
a very large fraction is for laboratory research,
field analyses, etc. as contrasted with large-scale

field tests.

The statement that supportive research capability
resides primarily with industry was accompanied by
numerous statements that there is a requirement

- that university scientists be included in an active

role, not only to fill gaps and extend manpower

in the basic research area, but to encourage and
assist in the solution of a major developing problem
~- the training of production engineering and research
personnel. If the forecast of 20-35 billion barrels
of production, with at least 1.8 billion barrels of
Cumulative Production by 1985 and 423 million barrels
of Annual Production in 1985 are realized, the order
of magnitude of increase in the complexity of en-
hanced recovery as compared with "secondary" recov-
ery indicates a need for a drastic change of com-
pentencies and increase in the numbers of qualified
engineering and research personnel that will be

required.

Those areas of supportive research which are identi-
fied as requiring intensive effort are:

a. "Engineering geology" -- described generally
as the development of methods for synthe-~
sizing information from all sources (core
analyses, geophysical exploration, outcrop
analysis, well logs, primary production
history, etc.) as fundamental to the develop-
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ment of maximum information concerning the
characteristics of a reservoir pertinent
to the design of enhanced recovery produc-
tion operations.

Geophysics ~- directed to improved resolu-
tion and definition of reservoir conforma-
tion, fracture (hydraulic, etc.) configura-
tion, improved lithological interpretation,
definition of reservoir flow patterns, etc.
-- using, for example, improved frequency,
pulse, amplified modulation techniques;
multiple reflection/refraction techniques,

etc.

surfactant research ~-- generally physical
chemistry/chemical physics concerned with
the -definition of the mechanisms of action
of promising surfactants under realistic
reservoir conditions and to the development
of improved surfactant solutions for en-~

hanced recovery.

Sweep control fluids and methods -- generally
concerned with improved performance and
economics of mobility control fluids used to
maximize sweep efficiency of "miscible"
(micellar, CO,, hydrocarbon) enhanced recov-
ery methods; a specific example being develop-

"ment of suitable polymers which are stable

under higher temperatures and wider ranges of
ion (especially Ca and Mg) concentration.

Underground combustion -- directed to
determination of mechanisms of action and means
for improved displacement efficiency and
mobility control, e.g., effects of oxygen
enrichment on combustion rate and efficiency.

Systems analysis -~ generally directed to the
interdependence of enhanced recovery/environ-
ment/water supply/manpower/material supply/etc.
for overall management and scheduling purposes.

Test method development ~- directed to improv-
ing and simplifying both laboratory and field
measurements for field test application and
leading to the development of optimum or
standard procedures for use in the cooperative

field test program.
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V. SUMMARY OF FORECASTS AND RECOMMENDATIONS RELATIVE TO THE
ENHANCED RECOVERY OF NATURAL GAS AND NATURAL GAS LIQUIDS

o — —————— vt

A. Introduction

The Second Interim Report included only the "first
round”" of commentary on gas. Since the issuance of that report,
very extensive discussion, both written and verbal, has served to
extend and to modify the previous report. The additional round
of comment has permitted the authors to obtain more recent data
and to indicate more clearly the degree of consensus.

B. Project Procedure

The procedures followed in developing information on
natural gas production have been quite similar to those described
for the crude oil studies. As a preliminary, several individual
discussions were held, in order to ensure appropriate design of
a questionnaire and an efficient conference.

On Tuesday, 9 October, 1973, a Conference was hzld in
Houston, attended by representatives of major gas producers and
major gas transmission companies. A detailed discussion was held
and completed questionnaires were obtained from fifteen companies.

A large number of individual discussions with parti-
cipants have been held subsequent to the Conference in order to
clarify and extend the information given on the questionnaires.

The results of the "first round“ (i.e., the Interim
Report) were submitted to participants for commentary, correction

and extension.

Several additional companies who were not able to supply
appropriate personnel on short notice for the Conference indicated
their desire to receive the interim results and have responded on

the "second round" of data.

C. The Nature of Enhanced Recovery of Gas

The term "enhanced recovery" has, for the most part,
a distinctly different meaning in the production of gas as con-
trasted to its meaning in the production of oil. 1In the produc-
tion of 0il, enhanced recovery involves literally displacing the
oil from the pores of the formation and "sweeping" it towards a
well through which it may be produced. 1In displacement of oil
from the reservoir rock, a "washing" or heating action may be used:
light hydrocarbons (propane or butane) may be used to miscibly dis~
place the crude o0il; or surfactants may be used to modify the pro-
perties of the crude oil and to form micelles, microemulsions, etc.
which are more readily transported through the formation. In situ
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combustion may be used to reduce viscosity or partially vaporize
and create pressure which will accomplish displacement. In some
cases, fracturing of the formation (or acidizing) may be used to
apen up increased surface and create channels for higher rates of

flow.

In the case of gas production, the latter concept,
fracturing of the formation to increase the rate of production,
is much the most important factor. In massive hydraulic fractur-
. ing, the result is the creation of fissures of varying size,

connecting to the well bore, which enormously enlarges the amount
of surface area of the formation from which gas can flow to the

well.

In nuclear stimulation, a large cavern or "chimney",
almost completely filled with rubble, is produced. The extent to
which fracturing of the surrounding formation occurs is docu-
mented in great detail for certain tests (see, for instance,

; El Paso Natural Gas Company, U.S.A.E.C. and

Project Gasbu
U.S.B.M., 1965, and, Report of National Gas Technology Task Force

for Technical Advisory Committee of the National Gas Survey by
U.S.F.,P.C., 1973). The size of the "chimney" plus formation
fracturing'greatly increases the area available for gas flow. The
results of such an operation may differ greatly from one forma-
tion to another; and a substantial amount of further test and
evaluation would be needed in order to insure more general applica-

tion of the method.

D. Methods of Enhanced Recovery of Gas

As indicated in the previous section, enhanced recov-
ery of gas is largely a question of fracturing large formations
of almost zero permeability, so that the rate of production
from the formation will be very greatly increased (i.e., by a
factor of 10 to 1 up to 100 to 1). At the present time, the
methods which appear to be promising are (a) nuclear stimulation,
(b) massive hydraulic fracturing, and (c) possibly, some combina-
tion of (a) and (b). The details of nuclear stimulation and
hydraulic fracturing have been covered thoroughly in various
documents produced by national level committees such as that
listed in Appendix B, and especially in the reports of the
National Gas Survey made for the Federal Power Commission. There-
fore, only brief descriptions of the basic concepts will be
offered in this present report.

It is known that very large supplies of gas exist
in the U.S. (notably in the Rocky Mountains' area) which cannot
be produced because the formations are extremely “"tight". That
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is to say, the permeability is so very small that the rate of
production is totally uneconomical. (The National Gas Survey

by the F.P.C. cites the Uinta, Piceance and Green River Basins,
with great detail on the data available to date). Thus, the
problem appears as one of rate of production, rather than magni-
tude of displacement as in recovery of crude oil. (The amounts
of gas which might be recovered are discussed in Section E).

In nuclear stimulation, the nuclear explosive device
is placed in a well drilled into the formatZ-~n. When exploded,
it produces a "chimney", a region of thoroughly fragmented rock
of considerable size. Connected to the chimney is a system of
radial fissures in the formation, enormously increasing the
surface area through which gas may be produced.

The concept of a single explosive device is readily
extended to that of several devices placed in a vertical line,
producing a chimney of much greater vertical dimensions. (In
order to limit seismic effects, these could be exploded sequen-
tially). Present information indicates that devices of 100
kilotons of energy would be appropriate.

A number of objections regarding the impact of this
method on nearby inhabitants, and on the environment, have been
examined carefully. The radiation hazard, when examined quanti-
tatively, is negligibly small. Inconvenience to inhabitants
nearby can be reduced to a day or two of evacuation at most,
for a small number of people. Seismic hazards appear to be

negligible.

The technology, however, is far from being complete;
and the economics for depths up to 10,000-15,000 feet appear to
be less favorable than those of hydraulic fracturing. However,
the potential for increased energy supplies is so large that
nuclear stimulation should be more thoroughly tested. There is
a great diversity of opinion among the major gas producers
concerning priorities; but the definite majority opinion (but
with some very definite disagreement from the minority) is that
nuclear stimulation tests should be included in the proposed
program, and that such tests should commence at the earliest
possible date. In the spectrum of research development, testing
and evaluation, it is felt that priority should be given to field

tests and evaluations thereof.

It should be noted (with reference to the paragraph
just above) that assumptions in some of the economic calculations
involve uncertainties far greater than the resulting calculated
differences between the two technologies. Slightly different
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assumptions regarding operational or equipment costs or regard-
ing the reservoirs themselves might alter radically the relative
economics. In our present state of knowledge, both technologies

are worthy of careful consideration.

In hydraulic fracturing, a suitable hydraulic fluid
(generally an aqueous solution), is pumped into the well at high
pressures (10,000 psi or higher) at the well head. This pressure,
added to the pressure created by the hydrostatic column in the
well, is exerted on the formation, producing fractures which
greatly enlarge the surface area available for gas to flow from
the formation. Since the fractures would tend to close np when
the hydraulic pressure is removed, "propants" are added to the
fluid which is pumped into the well and hence into the formation.
The purpose of the propant is to remain behind in the fissures as
the fluid recedes and hold the fissures open.

It has been suggested that combinations of nuclear
stimulation and hydraulic fracturing may be used, “For instance,
hydraulic fracturing (with propants) might be applied to several
wells surrounding a central well to which nuclear stimulation has
been applied. No data are available on such combinations but it
is felt that they should be considered as possibilities.

Enhanced recovery from conventional wells (i.e,, with
economically reasonable permeabilities) may result from displace-~
ment methods (possibly associated with enhanced recovery of crude
oil) or by using compressors to reduce surface pressure (hence,
"gucking"” more gas out of the formation). The quantities which
may be recovered in such operations, however, are extremely small
as compared to opening up tight formations by nuclear or hydrau-
lic fracturing. 1In very special circumstances, the dewatering
of water drive reservoirs, or displacement by nitrogen or carbon

dioxide may be feasible.

E. Potential Recoveries

Estimates of natural gas reserves, of the amount of
gas remaining in place in producing reservoirs, of the amount
probably available in reservoirs as yet either undiscovered or
not produced, and particularly that recoverable from formations
having extremely low permeability, are highly controversial ~-
simply because of (1) the extreme difficulty of arriving at
high confidence level estimates (on which contracts for delivery
must be based) and (2), in the case of the gas in "tight" forma-
tions, the dearth of direct observational information -- i.e.,
core analyses and production measurements. Serious attempts by
highly qualified experts have been made to provide the best
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available ficures for national planning purposes, which are
presented in well documented reports. There is no real alter-
native to acceptance of such figures for broad planning pur-
poses at this time; hence, the following figures are reproduced
from the National Petroleum Council's "U.S. Energy Outlook" as
being as good a summary of the natural gas supply picture as is

available.

NOTE: All figures are given in trillion (1012) cubic
feet. Definitions of terms refer to those used by the Potential
Gas Committee or those given in Appendix D of this report, which
are taken from the AGA/API/CPA Reserve Studies.

Cumulative production to 31 Dec 1972 433

Proved reserves, as of 31 Dcc 1972 266

Future potential supply (conventional
reservoirs, as of 31 Dec 1972 estimate) 1,146

Subtotal {(including cum. production) 1,845

Potentially available as gas~in-place
in Uinta, Piceance and Green River

Basins (tight formations) 600

Potentially available as gas-in-place
in other basins (tight formations) 625
1,225

Subtotal

The figures given for "conventional reservoirs" is
recoverable gas, a recovery factor of 85% having already been
applied. Applying a 50% recovery factor to the tight formations
(after fracturing), the following future recoveries can be anti-

cipated:
Conventional: (1.00) (1412) = 1,412

Tight: (0.50) (1225) = 612
2,024

(For putgoses of perspective, this may be compared ‘to
22.5 trillion {1012] cubic feet produced in 1972).
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In the opinion of some qualified experts, the amount
of gas available in tight formations (not available without massive
fracturing) may be two or three times as large as is indicated
above, Conversely, a substantial number of experts feel that the
figure given above for conventional gas yet to be discovered (1146)
may be an upper limit of optimism. As much as 50% of this, perhaps,
is in Alaska, or in the deep offshore, or at depths of 15,000 feet
plus. Availability, therefore, depends specifically on rapid
development of reliable technology for the specific circumstances.

F. Conference Conclusions and Recommendations

1. General

During recent months, substantial increases in
well-head gas prices have occurred. Such changes have naturally
stimulated production by encouraging exploration, by closer well
spacing, and by encouraging use of compressors to lower the
"abandonment pressure" of operating fields. These increases in
production are importart in the very short term, but are not
significant in the longer time scale and in view of the nation's
total future needs, excepting exploration's effect on new dis-

coveries.

Given a gradual rise (a relatively free market)
for gas, the conventional fields of reasonably high permeability
will be discovered and produced. This does not, however, consti-
tute enhanced recovery in the sense of increase over and above
anticipated conventional recovery.

On the other hand, successful development of
methods for producing very tight formations could increase very
significantly the total long term energy resources available to
the nation and contribute significantly to short term (1980-85)

production.

2. Economic and Policy Factors

It is important to recognize the nature of risk-
taking in production of oil and gas, where enormous sums of
capital are required to conduct any significant operation. If
a program of RDT&E is established, private enterprise will almost
certainly be forced to adopt a sequential approach to the various
steps involved. Such an approach might easily require a period
of ten to fifteen years to accomplish, since certain parts of
the program (especially field tests) may require two or three

years to accomplish.
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If the national interests are to be served best,

- it will be necessary to collapse the time frame as much as
ing or concurrent operations; wherein opera-

possible by overlapping c
tions are carried out cboperatively by private industry, universi-
ties and Federal agencies. (Obviously, the companies will have
to be guaranteed protection against any anti-trust charges).

Such an approach departs somewhat from the established patterns

of competitive enterprise which must make a profit in order to
survive, It is quite improbable that gradual increases in price
of gas would be sufficient incentive for the drastic shortening in
time scale which the nation's present energy situation requires.

Federal funding of RDT&E programs in cooperation
with the industry is that device which can accomplish the desired

result within the least time.

3. Formulation of RDTSE Program

Although there is considerable divergence of
opinion among the participants regarding priorities and techni-
cal merit of certain methods, the following represents a majority
opinion concerning a federal/industry cooperative RDT&E program
on enhanced recovery of natural gas. A structure for completing
detailed formulation and subsequent operation is proposed in

paragraph 4.
a. Fracturing Technology

The development and testing of production
methods for tight formations could open
up to the nation’an enormous increment to
its present energy supply. The following
items are considered to be paramount in
such a program. .

(1) A program of cooperative research,
development, testing and evaluation
should be developed and implemented
immediately, with emphasis on test-
ing and evaluation.

(2) Major emphasis should be placed on
technology of producing tight forma-
tions by nuclear stimulation and
massive hydraulic fracturing. Pre-
sent evidence suggests that hydrau-~
lic fracturing offers better economy;
however, the economic studies are
extremely sensitive to very minor
changes and present calculations
should not be considered as being
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conclusive. There is a wide
divergence of opinion regarding
the feasibility of nuclear
stimulation. However, neither
method has been adequately
studied. Programs should be
formulated which will give con-
clusive technological and econo-
mic results on both methods.

Combinations of nuclear stimulation
and hydraulic fracturing should be
considered.

Reservoir definition deserves a great
deal of attention, if tests are to be
meaningful. For instance, the Uinta,
Piceance and Green River Basins niight
be drilled along transects, with forty
to fifty wells per basin. It must be
recognized that variations in permeabil-
ity, and inhomogenities in structure
very significantly influence the pro-
duction, characteristics of the reser-
voir -- including definition of the
size and pattern of fractures required
for economic production.

Supplemental basic research and devel-
opment should be conducted on specific
topics such as propants, permeability
definition, core testing, and proper-
ties of fracturing fluids.

With reference in part to item (4)
above, the optimization of well spacing

should be studied.

Other Enhanced Recovery Considerations

Attention should be given to more conven-
tional problems, in addition to the factors
discussed above for tight formations. The
following factors are concerned primarily
with insuring a rapid increase in both pro-
duction and proved reserves.
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Some degree of attention should be
given to studies of conventional
reservoirs. It is felt that gradual
price increases now occuring may be
of sufficient incentive in this situa-
tion, eventually; but acceleration of
effort is needed.

Injection of inerts (displacement
methods) is regarded as being of ex-
tremely limited application.

Deep wells -~ 15,000 feet and deeper -~
deserve special study. The tempera-
tures and pressures encountered at
these depths are sufficiently high to
modify the properties of fluids and
other materials, and, therefore, equip-
ment design and operating methods used
in drilling and fracturing; and such
modifications make drilling and frac-
turing in these wells uncertain and
unduly expensive.

Research to define further the potential
for production of methane from coal seams
(not coal gasification) should be under-
taken.

General industrial logistics must be
considered. A major production pro-~
gram of enhanced recovery would create
significant increases in requirements
for trained personnel, equipment (tabu-
lar goods, compressors, well-heads, rigs,
etc.), well completion items, and trans-
portation facilities.

It is felt that gradual price increases,
though resulting in increased conven-
tional production and exploration, will
not accomplish an adequate expansion of
gas production at the rate called for

in the present situation, because of
technology limitations which can be over-
come only by rapid progress in RDTS&E.
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4. Structure of an RDTSE Program

The program should be a cooperative effort by
government, industry and qualified academic personnel.

The glanning effort should be commenced at the
earliest possible time; with the intention that preliminary
plans (permitting commencement of some projects) may be com-
pleted within 3-5 months; and that a comprehensive plan may be

completed within 6-8 months.

The funding should come jointly from government
and industry, with some formula which provides the government
with adequate compensation where tests are successful on a large
scale; and mutual write-off for failures. (It should be noted
that the three basins suggested for tests involve large tracts

of Federal lands).

Planning, review and policy direction should be
maintained by a council or committee broadly representative of
all phases of the industry, of government, and of qualified
academic experts. It must be acknowledged, however, that the
great part-of the expertise and of the operational capability
lies in the production and associated research divisions of the
industry. Also, it is clear that operational control is the
function of the field operator subject to review by other lease-
holders in that field as well as by such a council.

The American Gas Association has commenced plan-
ning on an extensive program of research covering nearly all
phases of the gas industry, including production. A program
of RDT&E as described herein should be coordinated with the
production phase of the AGA study from its earliest stages. It
is probable that such coordination would be automatically in-
sured by the nature of ‘the planning groups. (It should be noted,
for instance, that a number of the participants in the develop-
ment of this report are aware of or even directly engaged in the
AGA planning effort; and no sense of conflict whatsoever is

apparent) .

5. Natural Gas Liquids

Natural gas liquids (NGL) constitute a significant

fraction of our hydrocarbon resources. They are produced along
with natural gas. (See Appendix D for definition and description.
Roughly speaking, NGL is in the propane-hexane range). In 1972,

e
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U.S. production of NGL was 756,000,000 barrels, as compared to
3,281,400,000 barrels of crude oil =-- slightly less than one-

fourth.

The ratio of NGL production to natural gas produc=-
tion has remained approximately constant. (In 1972, the ratio
was about 34 barrels of NGL per million cubic feet of gas). 1In
the opinion of many of the participants, there is no reason to
predict a significant change in this ratio. Hence, production
of NGL might be expected to be directly proportional to production
of natural gas. Some data indicate, however, that the NGL content
of the typical tight formations is much lower than the general
average (perhaps of the order of 1/10). When, and as, the tight
formations become significent factors in production, therefore,
the ratio may ke expected to drop significantly.
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APPENDIX A

COMPANIES PARTICIPATING IN THE DEVELOPMENT OF FORECASTS AND
RECOMMENDATIONS RELATIVE TO ENHANCED RECOVERY OF CRUDE OIL

Amoco Production Company
Atlantic-Richfield Company

Chevron 0il Field Research Company
Cities Service 0il Company
Continental 0il Company

Diamond Shamrock 0il and Gas Company
Esso Production Research Company

Gulf Research and Developmeﬁt Corporation
Husky 0Oil Ltd.

Marathon 0il Company

Mitchell Energy Company

Mobil 0il Corporation

Mobil Research and Development Company
Pennzoil United, Inc. ‘

Phillips Petroleum Company

Quaker State 0il Refining Corporation
Shell 0il Company

Sohio Petroleum Company

Sun 0il Company

Superior 0il company

Tenneco 0il Company

Union 0il Company of California
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APPENDIX B

COMPANIES PARTICIPATING IN THE DEVELOPMENT OF FORECASTS AND
RECOMMENDATIONS RELATIVE TO ENHANCED RECOVERY OF NATURAL GAS

Amoco Production Company

Chevron 0il Field Research Company
Continental 0il Company -
Diamond~Shampock 0il & Gas Company
El-Paso Natural Gas Company

Esso Production Research Company

Gulf Research & Development Company
Lone Star Producing Company

Mitchell Energy Company

Mobil Research & Development Co.
Phillips Petroleum Company

Shell 0il Company

Superior 0il Company

Tenneco 0il Company

Texas Eastern Transmission Corp.
Transcontinental Gas Pipe Line Company
Trunkline Gas.Company

Union 0il Company of California
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APPENDIX C

CLASSIFICATION OF PRESENTLY KNOWN
DOMESTIC CRUDE OIL RESOURCES
and
DEFINITIONS OF TECHNICAL TERMS
PERTAINING THERETO

The use of a few carefully defined technical terms is essen-
tial in discussing the nation's crude oil resources, in order
that fallacies of thought and understanding not be created by

ambiguities of language.

Fortunately, the technical terms that identify various classi-
fications of the total domestic crude oil resources are well
established by agreement and common usage within the petroleum
industry. They are also relatively simple in concept and in
derivation. Those terms used in this report, illustrated
diagrammatically in Figure 1 of the text of this report and
repeated in this Appendix, are defined briefly as follows:

CRUDE OIL -~

A mixture of hydrocarbons that exists in the liquid
phase in natural underground reservoirs and remains
liquid at atmospheric pressure after passing through
processing facilities that separate out some components.
The reported volumes of crude oil &lso contain a very
minor amount of-other liquids which is statistically
insignificant but technologically either difficult to
separate at one place or desirable to include at
another. Crude oil is reported in units of stock tank
barrels of 42 U.S. gallons at atmospheric pressure
corrected in volume to 60°F.

PROVED RESERVES -~

As of December 31 of any given year, the estimated
quantities of all liquids statistically defined as
crude oil, which geological and engineering data
demonstrate with reasonable certainty to be recoverable
in future years from known reservoirs under existing
economic and operating conditions.

Reservoirs are considered proved if economic produc-
ibility is supported by either actual production or
conclusive formation tests. The area of an oil
reservoir considered proved includes: (1) that portion
delineated by drilling and defined by gas-oil or oil-
water contacts, if any; and (2) the immediately adjoin-
ing portions not yet drilled but which can be reasonably
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Appendix C - continued

judged as economically productive on the basis of
available geological and engineering data. 1In the
absence of information on fluid contacts, the lowest
known structural occurrence of hydrocarbons controls
the lower proved limit of the reservoir.

Reserves of crude oil which can be produced economically
through application of improved recovery techniques

(such as fluid injection) are included in the "proved”
classification when successful testing by a pilot project,
or the operation of an installed program in the reservoir
provides support for the engineering analysis on which
the project or program was based.

Estimates of Proved Reserves do not include the following:
(1) oil that may become available from known reservoirs
but is reported separately as "indicated additional re-
serves"; (2) natural gas liquids (including condensate);
(3) oil the recovery of which is subject to reasonable
doubt because of uncertainty as to geology, reservoir
characteristics, or economic factors; (4) oil that may
occur in untested prospects; and (5) oil that may be
recovered from oil shales, coal, gilsonite and other such

sources.

INDICATED ADDITIONAL RESERVES -~

Crude o0il potentially available from known productive
reservoirs in existing fields expected to respond to
improved recovery techniques such as fluid injection
where (a) an improved recovery technique has been in-
stalled but its effect cannot yet be fully evaluated;
or (b) an improved technique has not been installed
but knowledge of reservoir characteristics and the
results of a known technique installed in a similar
situation are available for use in the estimating pro-

cedure.

The economic recoverability of these reserves is not
established with sufficient conclusiveness to allow them
to be included in Proved Reserves. If and when improved
recovery techniques are successfully applied to known
reservoirs, the corresponding Indicated Additional Re-
serves will be reclassified and added to the inventory

of Proved Reserves.

Indicated Additional Reserves do not include reserves
associated with acreage that may be added to the area
of a proved reservoir as the result of future drilling.

‘
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Appendix C - continued

ORIGINAL OIL-IN-PLACE -~ '

Calculated volume of crude oil in known reservoirs
prior to any production. Known reservoirs include

(1) those that are currently productive; (2) those

to which Proved Reserves have been credited but from
which there has been no production; and (3) those that

have been depleted.

The volume of Original Oil-In-Place is based on calcu-
lations using volumetric or material balance methods

when sufficient factual data are available concerning
reservoir rock, fluid properties, reservoir limits, and
production performance. Where such data are not avail-
able, or are seriously incomplete, the volume is esti-
mated on the basis of information and performance
characteristics from reservoirs believed to be comparable.

ULTIMATE RECOVERY ==

Volume of crude oil (1) which has been produced from a
reservoir, and (2) is expected to be produced in the
future if there are no substantial changes in present
economic relationships and known production technology.
Accordingly, the current estimate of ultimate recovery
is the sum of Cumulative Production to date plus the
current estimate of Proved Reserves.

Ultimate Recovery may also be expressed as the percentage
of Original 0Oil-In-Place which is expected to be eventually
produced. This percentage will vary from one reservoir

to another in accordance with the reservoir fluid, rock
characteristics, and the producing mechanism or drive

which is present.

PRODUCTION -~

Volume of liquids statistically defined as crude oil, which
is produced from oil reservoirs during given periods of
time. The amount of such production for a given year is
generally established by measurement of volumes delivered
from lease storage tanks (i.e., the point of custody
transfer) to pipelines, trucks, or other media for trans-
port to refineries or terminals, with adjustments for (1)
net differences between opening and closing lease inven-
tories, and (2) basic sediment and water (BS&W) which
settles out of the oil in storage tanks.
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Appendix C ~ continued

For purposes of the annual reserves reviews, production
data for individual fields and for the specific geographic
areas are needed. Since "official" sources$ such as state
agencies and the U.S. Bureau of Mines do not provide the
required detail, all available data (including company
records, commercial services, state records, and Bureau

of Mines reports) must be reviewed. Because of differences
in definitions and differences in data collection proce-
dures used by various sources, and because of the variety
of adjustments which must be made, production data used

in annual reserves reports should not be expected to agree
precisely with that published by such sources as state
agencies and the U.S. Bureau of llines. Discrepancies
generally are less than one percent.

CUMULATIVE PRODUCTION =--

Sum of (1) the estimated crude production for the current
year, and (2) the actual production for each of the prior
years; however, this cumulative production is subject to
the qualifications outlined in the definition of Production.

In addition to these "standard" definitions of what crude oil
is, how much is calculated to have been discovered in reser-
voirs known to date, how much has been produced, how much
remains to be produced with certainty, and the ultimate total
of past and future production under existing technological

and economic conditions, a few other terms must be added to
describe the status of crude oil presently known to exist but
not considered recoverable with certainty under present tech-
nological and economic conditions. These terms are as follows:

REMAINING OIL-IN-PLACE --

That volume of the original Oil-in-Place that would
remain in presently discovered reservoirs after pro-
duction of Ultimate Recovery and Indicated Additional
Recovery is no improved recovery methods nor changed
economic conditions come into existence to increase
directly or indirectly the recovery efficiency of
present-day operations.

POTENTIAL ADDITIONAL RECOVERY --

That volume of Remaining Oil-in-Place that is estimated

to become recoverable by improved recovery methods not

yet available or available but not yet sufficiently tested
for commercial application, but the future development of

which is judged to be feasible under future conditions of

technology.
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Appendix ‘C - continued

UNRECOVERABLE ~-

That volume of Remaining Oil-in-Place that is consid-
ered not to be recoverable under any foreseeable
technological conditions,

ENHANCED RECOVERY =--

That volume of crude oil above and beyond Ultimate Re-
covery that would be recoverable as a consequence of
(1) hastening the transfer of Potential and Indicated
Additional Recovery to Proved Reserves (as a result of
accelerated evaluation of known but untested recovery
methods), and (2) transfering Potential Additional
Recovery to Ultimate Recovery as a result of developing
and implementing future improved recovery methods. The
principal source of crude oil for Enhanced Recovery is,
of course, that large volume of Remaining Oil-In-Place
classified herein as Potential Additional Recovery;
therefore, extensive testing and development for opera-
tional use of improved recovery methods is inherent in
an Enhanced Recovery program.

As shown in Figure 1, certain useful relationships between the
various terms describing crude oil reserves can be expressed

in simple formulae:

Ultimate Recovery = Cumulative Production +
Proved Reserves

L)

Remaining Oil-In-Place = Original Oil~In-Place. -
(Ultimate Recovery + Indicated
Additional Recovery)

Enhanced Recovery = Ultimate Recovery + Compressed
Time Factor (Indicated Additional

Recovery + Potential Additional
Recovery)
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EIGURE 1
CLASSIFICATION OF PRESENTLY KNOWN DOMESTIC CRUDE OIL RESCURCES
(434,038,193 THOUSARD BBLS.. ORIGINAL OIL-IN-PLACE)

AS OF 12/31/72
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APPENDIX D

DEFINITION OF TECHNICAL TERMS
PERTAINING TO NATURAL GAS RESERVE STUDIES

(Source: AGA-API-CPA Reserve Studies)

NATURAL GAS - OCCURRENCE AND RECOVERY

For the purpose of the Committee report, natural gas is
defined to be a mixture of hydrocarbon compounds and small
quantities of various non-hydrocarbons existing in the gaseous
phase of in solution with oil in natural underground reservoirs
at reservoir conditions. The principal hydrocarbons usually
contained in the mixture are methane, ethane, propane, butanes
and pentanes, and typical non-hydrocarbon gases which may be
contained in reservoir natural gas are carbon dioxide, helium,

hydrogen sulphide, nitrogen, etc.

The portions of the reservoir hydrocarbon gas recovered
in liquid form in surface separators or plant facilities are
reported as natural gas liquids. The statistics on natural gas
reserves and production reported by the Committee take into
account the shrinkage of the reservoir gas volume resulting
from the removal of the liquefiable portions of the hydrocarbon
gases and the reduction of volume due to the exclusion of non-
hydrocarbon gases where they occur in sufficient quantity to

render the gas unmarketable.

Natural gas is found in underground rock formations which
are usually sedimentary in origin. The natural reservoirs are
composed of porous rock which provide space for accumulation
of hydrocarbons. Economically recoverable quantities of the
strata have resulted in the formation of traps which terminate
underground migration and cause accumulations of hydrocarbon
fluids and gases. Under reservoir conditions, natural gas and
the liquefiable portions thereof occur either in a single
gaseous phase in the reservoir or in solution with crude oil
and are not distinguishable at that time as separate substances.
Natural gas is classified by the Committee in two categories
based on the type of occurrence in the reservoir, as follows:

1. Non-associated gas is defined as free natural gas
not in contact with crude oil in the reservoir.

2. Associated-Dissolved gas is the combined volume
of natural gas which occurs in crude oil reservoirs
either as free gas (associated) or as gas in
solution with the crude oil (dissolved).
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Appendix D - @ontinued

Associated gas is free natural gas, commonly known as
gas cap gas, which overlies and is in contact with crude oil
in the reservoir at original reservoir conditions.

Production of associated gas usually affects to some
degree the ultimate recovery of crude oil by reduction of the
gas cap volume and loss of reservoir pressure. Where the
production of associated gas from gas wells does not have a
significant effect on the crude oil recovery, such associated
reserves may he classified as non-associated gas by regulatory
body ruling or company operating practice. 1In such cases
this classification is also followed in the report of the

Commjttee.

Where the ultimate recovery of the crude oil is signif-
icantly affected by the production of the associated gas both
from oil and/or gas wells completed in the reservoir, such
gas production is usually limited by regulatory body ruling
or company operating practice to assure maximum recpvery of

c¢rude oil.

In reservoirs containing associated gas and crude oil,
the oil, dissolved gas and associated gas may be produced
concurrently from the same well bore. This gas is measured
and reported by the operator as one volume under the term
casinghead or oil well gas. As oil is produced from many
reservoirs, pressure is reduced below the saturation pressure
of the cruée oil and the gas origninally dissolved in the oil
is released as free gas in the reservoir. At critical gas
saturation of the reservoir, dissolved gas begins to flow and
will either be produced with the curde oil, resulting in
higher gas oil ratios, or migrate into primary gas caps or

form secondary gas caps.

Production and productive capacity of associated and
dissolved gas is generally more closely related to the produc-
tion of crude oil than to the available market for gas. Since
only rough estimates for the separation of the production of
comningled associated and dissolved gas produced from oil
wells can be made as a portion of the dissolved gas may change
classification in the reservoir during depletion of the oil
reserve, the Committee has combined the reserves and productive
capacity of Associated and Dissolved gas into a single category
known as Associated-Dissolved. Free gas contained in the
reservoir after depletion of the oil reserve is reclassified
to the non-associated category. In such cases the gas reserves
are determined on the basis of the remaining gas reservoir
. volume and conditions existing at the time of depletion of

the oil reserve.
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Appeéndix D - continued

Volumes of gas reserves are determined by geological and
engineering analyses of reservoir data including structural
interpretation, well tests, core analysis, pressure production
data, gas analysis, etc., available at the time the estimate
is made. Recoveries of gas are estimated on the basis of
formation evaluation of the reservoir rock, the producing
mechanism of the reservoir and pressure production performance.

Due to certain physical and economic conditions a part of
the original gas volume in the reservoir is non-recoverable.
More specifically these limitations relate to the inability
to produce gas because of heterogeneity of the reservoir, gas
trapped in the reservoir due to water influx and the inability
to economically produce gas because of depleted reservoir
pressure. Since the energy which causes gas to flow from a
reservoir is derived from the pressure at which the gas exists
in the reservoir all of the gas originally contained in the
reservolr cannot be produced in economic quantities within any
reasonable time. The quantities which are recoverable during
the economic life of a reservoir are quite high, several times
more than in the case of crude oil. This higher recovery is
to be expected because of the difference in viscosity of gas
and crude oil and the fact that gas has less tendency to wet
the reservoir rock and remain in situ.

In view of the small quantities of unrecoverable gas left
in a reservoir during its economic productive life, the change
in nature of the hydrocarbons as they are produced and the
fact that gas recoveries cannot be increased by improved
recovery techniques successfully applied to crude oil, no effort
is made herein to report any data on the reservoir space origin-
ally occupied by the mixture of gaseous hydrocarbons which
evantually are recovered in part as natural gas and in part as

natural gas ligquids.

NATURAL GAS LIQUIDS

Natural gas liquids are those hydrocarbons in the reservoir
natural gas which are separated from the natural gas as liquids
either in the reservoir through the process of retrograde
condensation or at the surface through the process of condensa-
tion, absorption or adsorption or other methods in field
separators, scrubbers, gas processing plants and cycling plants.
Generally such liquids consist of propane and heavier hydro-
carbons expressed in stock tank barrels and are commonly referred
to as condensate, natural gasoline and liquefied petroleum gases.
Where hydrocarbon components lighter than propane are recovered
as liquids these components are also included in the natural
gas liquids reserves and production statistics. Natural das
liquids reserves are calculated by the use of a factor applied
to the total volume of recoverable gas. Such factor, usually
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expressed in stock tank barrels per million cubic feet of gas,
is based on the recovery efficiency of installed or planned
processing facilities. Such factors may be judged from
laboratory gas analyses adjusted to surface processing facility
efficiency or obtained from actual plant or separator production
statistics. The calculation of proved recoverable reserves of
natural gas liquids takes into consideration *he effect of
retrograde condensation in the reservoir where applicable.

If no information is available as regards plans for
processing of gas known to contain liquefiable hydrocarbons,
recoveries used in the calculation of reserves are based on
separator yields or formation tests.

Natural gas liquids reserves are classified on the basis
of the type of occurrence of the gas in the reservoir; that is
non-associated and associated-dissolved.

PROVED RESERVES

The Committee's definition of proved reserves defines the
current estimated quantity of natural gas and natural gas
liquids which analysis of geologic and engineering data demon-
strate with reasonable certainty to be recoverable in the
future from known oil and gas reservoirs under existing economic
and operating conditions. Reservoirs are considered proved
that have demonstrated the ability to produce by either actual
production or conclusive formation test.

The area of a reservoir considered proved is that portion
delineated by drilling and defined by gas-oll, gas-water
contacts of limited by structural deformation or lenticularity
of the reservoir. In the absence of fluid contacts, the lowest
known structural occurrency of hydrocarbons controls the proyed
limits of the reservoir. The proved area of a reservoir may
also include the adjoining protions not delineated by drilling
but which can be evaluatzd as economically productive on the .
basis of geological and engineering data available at the time
the estimate is made. Therefore, the reserves reported by the
Committee include total proved reserves which may be in either
" the drilled or the undrilled portions of the field or reservoir.

In general, the definitions of proved reserves contained
in Technical Report No. 1, "Definitions for Petroleum Statictics”,
of the A.P.I. have been followed in this report. <JIt should be
noted that in order to maintain a consistent continuing series,
gas in underground storage is included in the total gas
reserves in this report. Anyone desiring a value for gas in
storage may obtain such by subtraction.
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Attention is called to the fact that natural gas is a
mixture of hydrocarbon compounds and small quantities of
various non-hydrocarbons. In most cases the quantities of
non-hydrocarbons are de minimis and do not affect the market-
ability of the gas. In such cases no reduction in volume
for the theoretical removal of such non-hydrocarbons has
been made herein. 1In any reservoir where the quantity of
non-hydrocarbons is sufficient to render the particular gas
unmarketable an appropriate reduction in the reservoir gas
volume has been made to cover the exclusion of such non-

hydrocarbons.

ULTIMATE RECOVERY OF GAS RESERVES

Ultimate recovery of gas and natural gas liquids reserves
are estimates of the total -quantity of such proved reserves
which will ultimately be produced from a reservoir as deter-
mined by the interpretation of current geological and engin-
eering information and under prevailing economic and operating
conditions. Adjustments to estimates of ultimate recovery of
gas reserves brought about by new information from additional
drilling or reservoir production performance are recorded '
under extensions and revisions in the reserves reporting. The
current estimate of ultimate recovery of gas reserves is the
sum of the cumulative production and the remaining recoverable

reserves.

DISCOVERIES

Discoveries are defined as proved reserves in newly
discovered fields and newly discovered reservoirs in old fields.
New reservoir discoveries include proved reserves in new
segments of reservoirs that are separated from the previously
proved productive area by faulting, lenticularity of the
reservoir, or other subsurface discontinuity. Reserves of
multi-reservoir fields, included in the new field discovery
category, reflect the reserves of all reservoirs proved during
the discovery year of the field. New discoveries seldom are
delineated or fully developed during the year of discovery.
Therefore, the year-end reserves estimates of discoveries
generally represent only a part of the reserves that ultimately

will be assigned.

Subcommittees are not necessarily aware of or have access
to the subsurface information for all new discoveries at the
time reserve estimates are prepared. This is especially true
if a discovery is made late in the year for which a report is
being prepared or when competitive sjituations relating to open
acreage dictate that the subsurface information be held

proprietary.
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EXTENSIONS TO RESERVES

A discovery in one year normally is delineated by the
drilling of both extension and development wells during
subsequent years. Drilling usually continues until the
productive limits of the field or reservoirs are defined.
Increases in the proved area of reservoirs result in approp-
riate adjustments to estimates of recoverable reserves and
such changes are recorded under extensions. Changes resulting
from a reduction in the estimate of the proved area are
racorded under revisions.
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Communications Received by the Committee Expressing an
Interest in these Hearings
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U.8. SENATE,
CoMMITTEE ON RULES AND ADMINISTRATION,
Washington, D.C., November 30, 1978.

Hon. MIKE GRAVEL,
New Senate Office Building,
Washington, D.C.

DEar Mike: I applaud your foresight in conducting hearings concerning the
establishment of a trust fund to finance research and development,

As you are aware, I have introduced two bills in this session of Congress re-
lated to these subjects and am enclosing copies of these bills along with state-
ments made at their introduction.

I should like very much to have these two bills included in the record of hear- .
ings completed yesterday by your Subcommittee on Energy.

If I can assist you in any way in furthering this approach to solving our en-
ergy crisis, please let me know.

Sincerely,
MARrRLow W, COOK,

U.S. Senator.

{From the Congressional Record, Nov, 13, 1873)

By Mr. Cook (for himself, Mr. Baker and Mr. Bartlett) :

8. 2694. A bill to establish an Energy Research, Development, and Demonstra-
tion Administration, and to reorganize, consolidate, and supplement within it,
Federal responsibility, authority, funding, and financing for conducting a na-
tional program for scientific research, development, and demonstration in energy
and energy-related technologies designed to resolve critical energy shortages.
Referred to the Committee on Interior and Insular Affairs,

Mr. Cook. Mr. President, I am co-sponsor of S. 1283, introduced by Senator
Jackson, an energy conservation measure, On review, however, I find that this
bill makes no permanent requirements for funding, thus leaving it to Congress
ito appropriate at any level of funding after the first year, or at no level of fund-
ng at all.

Second, it fragments the research as follows:

Coal gasification, $6 million per year for 10 years.

Coal liquification, $7,500,000 per year for 12 years.

Geothermal, $8 million for 15 years.

Advanced power cycle development, $6,500,000 per year for 10 years.

Shale oil devélopment, $5 million per year for 8 years.

Each category has its own corporation and functions independently of the
others. On reflection then, the Jackson bill has two serious shortcomings:

First. No trust is established, and funding is thus left to succeeding Con-

gresses. .
Second. Separate corporate structures to accomplish the same end is cumber-

some, and will not work.

We in this country solved our highway problems with the highway trust—no
one doubts that this would never have been accomplished without such a trust.

R. & D. in the energy field will never solve the problems of this Nation without
the essentials of a uniform facility to attack the problem and a specific energy
trust to allow such a massive program to unequivocally meet a deadline of abso-
lute accomplishment.

Therefore, Mr. President, on July 13 of this year for myself, Senator Robert
Byrd and Senator Howard Baker, I introduced S. 2167, a bill to accelerate
energy research and development by providing adequate funding over a con-
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tinuing perlod of time through the creation of an energy research and develop-
ment fund. The fund would draw its support from those moneys received by the
Federal Government from its lease sales of public lands on the Outer Continental
Shelf. I reasoned that as it was the shortage of energy which now enhanced
the value of these public assets, this new revenue should in turn be used to find
relief to the energy problem itself. I still believe that this reasoning is sound
and am more than ever convinced that we will never achieve our R, and D, goals
by year to year filnancing and must adopt some type of trust fund concept. How-
ever, there is good argument for broadening the base of this fund by including
receipts from Federal lease sales and all other sales or grants of development
rights of energy sources on Federal lands. ‘

It has now been 4 months since I introduced this bill and while I have been
promised by the chairman of the Senate Interior Committee that hearings will be
held at an early date, this date has as yet not been set.

In my original concept I envisioned that the fund would be managed and co-
ordinated by the Interior Department. However, in my introductory remarks, I
recognized that new organizational concepts were being considered and sug-
gested that should the President’s reorganization reach fruition, that there may
be a new officé better suited for this purpose.

In his address to the Nation last Wednesday, the President put forward sev-
eral programs to deal with the immediate energy problems we face today. I sup-
port his intent and applaud the rapid action being taken by the Interior Commit-
tee to develop the necessary legislation to implement these programs. However, as
necessary as these programs are, they are all in the form of a fire fighting stop gap
nature and do not address the long-term ptroblem which this Nation must solve,

One program advanced by the President is of particular interest to me and
this is the creation of an Energy Resource and Development Administration
to control the Nation's efforts in this area. The idea is not new as it is found
in the President’s earlier program to create a Department of Natural Re-
sources. What is new is the suggestion that we remove R. & D. from the pro-
posed department and create a new independent administration, I think this is
sound and I support it. . -

The President has compared the need for such an effort to the Manhattan proj-
ect of World War II, which made this Nation the major nuclear power at that
time. He also compared this need to the space program of the 1950's which made
America the first nation to put a man on the Moon,

I might say there is one that he forgot, Mr. President, and that is that when
World War II started, we all thought there was not going to be an automobile
in the country that could get any more rubber tires.

It took this Nation 1 year to come up with synthetic rubber, and the only
thing we care about rubber trees for today is that they give somebody shade
somewhere in the world.

As the President expressed it : :

“Whenever the American people are faced with a clear goal and they are chal-
lenged to meet it, we can do extraordinary things.”

This then is the backdrop for the initiation of “project independence.” How-
ever, much as I agree with the stated objectives of energy sufficiency by 1980,
I am not convinced that the proposal as now being considered can attain this
yoal. T still hold that we need the energy trust fund. I believe that we need an in-
dependent agency to manage this fund and insure that we direct our efforts to
programs ranging from the exotic—such as wind and tidal or ocean current power,
to the realizable—such as coal gasification and liquefaction—whether our goal is
energy self-sufficiency by 1980 or 1985, this Nation’s efforts must be wide-
ranging and broad in scope. We must not overlook any possibility, however re-
mote or far fetched it may seem.

Accordingly I am today introducing a bill which will accomplish these long-
range goals and at the same time incorporate the vital trust fund concept con-
tained in 8. 2167. I go one step further, because I do not think that we can reach
our goals by research and development alone. I believe that we must include the
all important demonstration step in the process.

From my own personal experience I have found that when the R. & D. phase
of energy production has been reached there is not adequate provision to support
the demonstration phase so necessary to prove or disprove the R. & D. scale
model. I suggest that with the creation of the Energy Research Development
and Demonstration Administration-—~KERDDA—supported by adequate trust fund
we have a fighting chance of locking our energy problems.
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I ask unanimous consent that the bill along with the brief explanation attached
be printed at the conclusion of my remarks. I solicit the support of my colleagues
and urge that the Senate take prompt action to effect this legislation,

There being no objection, the bill and explanation were ordered to be printed

in the Record, as follows:
8. 2694

Be it enacted by the Scnate and House of Represcntatives of the United States
of America in Congress assembled, That this Act may be cited as the “Energy
Research, Development, and Demonstration Administration Act.”

TiTLe 1
STATEMENT OF FINDINGS AND DECLARATION OF PURPOSE

Sec. 101, The Congress hereby finds—
(a) The nation is currently suffering a critical shortage of environmentally

acceptable forms of energy.

(b) A major reason for this energy shortage is our lack of an aggressive
research, development, and demonstration (referred to hereinafter as *‘research
and development,” in accordance with Section 117) effort to develop a national
capability for energy self-sufficiency by proper utilization of our large reserves
of domestic fossil fuels, nuclear fuels, and geothermal energy, and the potentially
unlimited reserves of solar power, nuclear, and other unconventional sources of
energy. .

(¢) Many current uses of our limited basic energy resources, including the
conversion of basic energy to an alternate form are highly inefficient.

(d) Current levels of funding by the Federal Government for energy research
and development are inadequate and too fragmented to develop a program of
the scope needed to insure efficient use of existing sources and to identify and
develop the most technically, environmentally and economically feasible methods
for utilizing energy from domestic resources.

(e) The capital requirements of a total energy research and development
program of the magnitude needed are beyond the means of private sources,

(f) The nation's critical energy problems can be timely solved only if a
national commitment is made now to accord the highest priority, to dedicate the
necessary financial resources, and to enlist our unequalled scientific and tech-
nological capabilities to meet the national energy needs, conserve vital resources,
and protect the environment.

SEc. 102. (a) The general welfare, the common defense, and security urgently
require and it is Congress' purpose here to undertake a national commitment to
resolve the energy shortages and provide the means for achieving a national
capability for energy self-sufficiency through soclially and environmentally accept-
able methods for producing, conserving, and utilizing all forms of energy.

(b) To effectuate that commitment it is Congress’ purpose to consolidate and
strengthen existing and initiate new Federal programs for energy research and
development in an Energy Research, Development, and Demonstration Adminis-
tration, established hereinbelow and authorized and charged with exercising
central responsibility for policy planning, coordination, support, and management
of research and development programs, including commercial-sized demonstra-
tion plants, and respecting all forms of energy sources.

(c) The Congress further declares and finds that it is in the public interest
that responsibility for all Federal energy research and development programs be
transferred to the Energy Research, Development, and Demonstration Adminis-
tration, and that this transfer be effected in an orderly manner assuring ade-
quacy of technical and other resources necessary for the performance of such

programs.
Titie II

ESTABLISHMENT AND ORGANIZATION OF ENERGY RESEARCH, DEVELOPMENT, AND DEMON-
STRATION ADMINISTRATION

Sec. 103. There is hereby established, as an independent establishment of the
executive branch of the Government of the United States, the Energy Research,
Development, and Demonstration Administration (hereinafter referred to as the
“Administration” or “ERDDA”),
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BOARD OF GOVERNORS

Sec. 104. (a) The management and direction of all the affairs and interests
of ERDDA shall be vested in a Board of Governors (hereinafter referred to as
“the Board” or ‘‘the Governors”), composed of 15 members,

Bight of the Governors shall be Government officials, as follows:

1. As Chairman of the Board, the official designated by the President as having
primary responsibility for energy policy (subject to Senate confirmation if not
already confirmed for his primary office);

2. The Director of the National Science Foundation;

3. An Assistant Administrator of the National Aeronautics and Space Admin-
ixtration, designated by the Administrator of that Administration;

4. An Assistant Secretary of Defense, designated by the Secretary of Defense;

5. A member of the Atomic Energy Commission (proposed hereinbelow to be
renamed the “Nuclear Energy Commission”), designated by that Commission;

6. A member of the Federal Power Commission, designated by that Com-

mission;
7. A member of the Council on Environmental Quality, designated by that

Council ;
8. The Administrator of ERDDA, appointed to that position in accordance

with Section 107(b) below.
Seven QGovernors shall be appointed by the President with the advice and

consent of the Senate, as follows:

1. A person with high qualifications and responsibilities in the coal industry
whose appointment shall be made from a list of recommendations by the prin-
cipal national organizations representing the coal industry ;

2. A person with high qualifications and responsibilities in the nuclear power
industry whose appointment shali be made from a list of recommendations by
the principal national organizations representing the nuclear power industry;

3. A person with high qualifications and responsibilities in the natural gas
industry whose appointment shall be made from a list of recommendations by
the principal national organizations representing the natural gas industry;

4, A person with high qualifications and responsibilities in the petroleum in-
dustry whose appointment shall be made from a list of recommendations by the
principal national organizations representing the petroleum industry ;

5. A person with high qualifications and responsibilities in the electric indus-
try whose appointment shall be made from a list of recommendations by the
principal national organizations representing the electric industry;

6. A representative from the public at large with high qualifications and
responsibilities for environmental concerns ; and

7. A representative from the public at large with high qualifications and re-
sponsibilities for consumer concerns.

(b) The terms of the government members of the Board shall coincide with
their terms in the offices here qualifying them to serve on the Board. The terms
of the seven non-government members shall each be for 4 years subject to prior
removal by the President, for cause, except that in order to provide staggered
terms, the terms of 2 initial Gdvernors, designated by the President, shall be for
3 years, the terms of 2 shall be for 2 years, and the term of 1 shall be for 1 year.
Any Governor appointed to fill a vacancy occurring before the expiration to fill a
vacancy occurring before the expiration of the term for which his predecessor
had been appointed shall serve for the remainder of such term. Each Governor
shall be reimbursed for travel and reasonable expenses incurred in attending
meetings of the Board.

(¢) 1. The Board shall meet quarterly and on call.

2. Vacancies in the Board, as long as there are sufficient members to form n
quorum, shall not impair the powers of the Board.

3. The Board shall act upon majority vote of those members who are present,
and any eight members present shall constitute a quorum for the transaction
of business by the Board; except that a favorable vote of an absolute majority
of the Governors in office shall be required for the approval of annual budgets,
and for the appointment, removal, and setting of compensation for the Admin-

istrator and Deputy Administrator.
ADMINISTRATOR; DEPUTY ADMINISTRATOR

SEc. 105. The Administrator of ERDDA, appointed pursuant to Subsection
107(a) below, shall serve as the Chief Executive Officer of the Administration,
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in accordance with Subsection 107(c¢) below. The Deputy Administrator, ap-
pointed under Subsection 107(a) below, shall be the alternate Chief Executive
Officer. He shall act for and exercise the powers of the Administrator during his

nbsence or disability.
GENFRAL, COUNBSEL; ASSISTANT ADMINISTRATORS

SEc. 1006, There shall be within the Administration a General Counsel, and such
number of Assistant Administrators as the Board shall consider appropriate,
The General Counsel and the Assistant Administrator shall be appointed by, and

serve at the pleasure of the Administrator.
TrirLe 111

FUNCTIONS

SEc. 107. (a) The Board shall appoint the Administrator of ERDDA from a
list of people recommended by the National Science Foundation, the National
Academy of Science, and the National Academy of Engineering as highly com-
petent to administer the important and complex energy research and develop-
ment responsibilities of ERDDA. The Board shall also appoint the Deputy Ad-
ministrator, and it shall have the power to remove the Administrator and the
Deputy Administrator, and it shall fix their pay and terms of service.

(b) The Board may delegate its authority to the Administrator under such
terms, conditions, and limitations, including the power of redelegation, as it
deems desirable, and it may establish such Committees as it determines appro-
priate to carry out its functions and duties; such delegations shall be consistent
with other provisions of this Act, shall not relieve the Board of full responsi-
bility for carrying out its duties and functions, and shall be revocable by the
Board in its exclusive judgment.

(¢) The Administrator, as Chief Executive Officer of the Administration, shall
be responsible to the Board for implementation of this Act and administration of
ERDDA. He shall present an annual budget to the Board of Governors for their
review and approval, After the Board has approved a budget, the Administrator
may obtain specific moneys within it, from the fund established in Section 114
hereinbelow, by notice to the Secretary of the Treasury that such moneys are
needed as of a certain date to carry out the program and budget approved by
the Board.

(d) The Administration shall exercisc central responsibility for policy plan-
ning, budgeting, initiation, coordination, support, and management of research
and development programs respecting all forms of energy sources, including but
not limited to those specified in Subsection (e) below. It shall be responsible for
assessing the requirements for research and development in regard to various
forms of energy sources in relation to near-term and long-range needs, for policy
planning, and for budgetary and expenditure control to meet those requirements,
for retaining, supporting, and where needed, strengthening effective existing
programs, and for initiating new programs as needed for the optimal develop-
ment of all forms of energy sources, from research through commercial-sized
demonstrations, for providing appropriate priority and balance among nuclear,
fossil fuel, geothermal, solar, and other energy research and development respon-
sibilities, for managing such programs, for terminating them when their pur-
pose has been accomplished or when they are no longer feasible, and for dissemi-
nating information resulting therefrom.,

(e) The Administration shall have all the authority incidental, necessary, or
appropriate to implementing its responsibilities, including without limitations,
authorization:

1. to ensure that full consideration and adequate support is given to advancing
energy research and development of efficlent and environmentally acceptable
energy sources, technologies, and techniques including but not limited to:

(i) coal gasification ;

(il) coal liquefaction ;

(iii) solvent refined coal ;

(iv) improved extraction methods and in situ conversion of fuels;

(v) advanced power cycle development ;

(vi) shale oil development

(vii) geothermal energy ;
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(viil) thermally-actuated heat pumps;

(ix) fuel cells and other direct conversion methods;

(x) solar energy;

(xi) hydrogen as an energy form;

(xif) nuclear breeder processes;

(xiii) fusion processes;

(xiv) magnetohydrodynamics;

(xv) use of agricultural products for energy ;

(xvi) utilization of waste products for fuels;

(xvil) cryogenic transmission of electric power;

(xviil) electrical energy storage methods;

(xix) alternative to internal combustion engines;

(xx) wind power; .

(xxi) tidal power; and

(xxif) ocean current and thermal gradient power;

2. to prescribe such policies, standards, criteria, procedures, rules, and regula-
tions as it deems necessary or appropriate.

3. to enter into such contracts and agreements, including grant agreements,
with public agencles and private organizations and persons; to make payments
therefor (in lump sum or installments, and in advance or by way of reimburse-
ment, and with necessary adjustments on account of overpayments and under-
payments).

4. to engage in joint projects of a research, developmental, and demonstration
nature with public agencies and private organizations or individuals in the or-
ganizational form deemed appropriate, and to perform services with or for them
on matters of mutual interest, the cost of nuch projects or services to be appor-
tioned equitably by the Administration.

0. to acquire any of the following described rights if the property acquired
thereby is for use by or for, or is useful to, the performance of functions vested

in the Administration:
(i) copyrights, patents, and applications for patents, designs, processes and

manufacturing data;

(1i) licenses under copyrights, patents, and applications for patents;

(ili) releases, before suit is brought, for past infringement of patents or copy-
rights; and .

(iv) use of Federal lands (except lands preempted for other use by Federal
statutes) which contain energy sources which ERDDA determines are neces-
sary to carry out its research and development functions and programs. The re-
sponsible officials of such other departments or agencies which have jurisdiction
over Federal lands are hereby authorized and directed to make such lands avail-
able to ERDDA under terms and conditions promulgated by them to protect the
environment and other resource values of lands involved.

6. to make special studies concerning matters within the special competence of
the Administration; to prepare from the records of the Administration special
compilations, lists, bulletins, or reports; to furnish transcripts or copies of such
studies, compilations, and other records; to provide copies of .charts, maps, or
photographs, and to provide services incident to the conduct of the regular work
of the Administration. The administration shall require payment of the actual
or estimated cost of such special work in accordance with regulations preseribed
by the President,

7. to exercise, in relation to the functions transferred herein, to the extent
necessary or appropriate to perform such functions, any authority or part thereof
available by law, including appropriations Acts, to the official or agency from
which such functions were transferred.

(f) The Administration shall utilize or acquire the facilities of existing Fed-
eral scientific laboratories engaged in energy research and development; it shall
also establish and operate additional facilities and test sites; and it shall utilize
such services of contract agencies as it considers necessary to effectuate the pur-
poses of this Act,

(g) The Administrator shall, as soon as practicable after the end of each fiscal
year, submit a Report to the Board, and the Board shall submit a Report to the
President for transmittal to the Congress, on the activities of the Administration
during the preceding fiscal year, with a full accounting of receipts and expendi-
tures, projects terminated and initiated, and plans and progress made in develop-
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ing new energy supply and in attaining the capability of energy self-suficiency
from domestjc resources,

(h) The President, in the ninth year after the effective date of this Act, shall
report to the Congress his evaluation of progress under it and his recommenda-
tion for continuance of the Federal energy research and development programs.

TITE IV

TRANSFERS

SEc. 108, There are hereby transferred to and vested in the Administration such
Federal energy research and development functions and programs as are essen-
tial to ERDDA’s fulfilling its obligations under this Act. Without limitation,
such transfer shall include:

(a) All energy research and development fupctions and programs of the
Atomic Energy Commission and of the Chairman and members of the Commis-
sion except those pertaining to nuclear weapons or military use of nuclear
power. The Atomic Energy Commission’s research and development functions re-
lated to such military purposes shall be transferred to the Department of Defense,
and the Secretary of Defense and ERDDA shall establish a special liaison com-
mittee to provide coordination, cooperation, and economy between the Depart-
ment of Defense and ERDDA as to their respective research and development

programs.
The remaining functions of the Atomic Energy Commission shall continue as

provided in Section 115 below. ,

(b) All energy research and development functions and programs of the Sec-
retary of the Interior, the Department of the Interior, and officers and com-
ponents of that Department.

(c) The energy research and development functions and programs of such other
Federal departments or agencies, including without limitation those in the De-
partments of Commerce. Transportation, Housing and Urban Development, and
those in independent agencies such as the General Services Administration, the
National Aeronautics and Space Administration, the National Science Founda-
tion, and the Tennessee Valley Authority, as in ERDDA’s judgment are neces-
sary or appropriate for it to fulflll its responsibilities under this Act.

(d) Authority for reviewing and coordinating all other energy research and
development functions and programs in Federal departments or agencies in the
Executive Branch.

(e) Unexpended balances of appropriations, authorizations, allocations, and
other funds relating to the functions transferred hereby to ERDDA shall be
transferred as determined by the Director of the Office of Management and
Budget in accordance with Section 109 below and with Section 202 of the Budget
and Procedures Act (31 USC 581(c)).

Sec. 109, (a) During the transition of transfers every effort shall be made to
not in any way impede or impair the progress of current Federal energy re-
search and development programs.

(b) Transfer of nontemporary personnel shall not cause any such cmployees
to be separated or reduced in grade or compensation for one year atier such

transfer,
Trrie V

BAVINGS PROVISIONS

SeEc. 110. All orders, determinations, rules, regulations, permits, contracts,
certificates, licenses, and-privileges which have been issued, made, granted, or
allowed to become effective by the President, any Federal department or agency
or official thereof, or by a court of competent jurisdiction, in the performance of
functions which are transferred by this Act, and which are in effect at the time
this Act takes effect, shall continue in effect according to their terms until modi-
fled, terminated, superseded, set aside, or revoked by the President, the Adminis-
trator, or other authorized officials, a court of competent jurisdiction, or by oper-
ation of law.

SEc. 111, (a) The provisions of this Act shall not affect any proceedings pend-
ing at the time it takes effect before any department or agency, or component
thereof, functions of which are transferred by the Act, but to the extent such
proceedings relate to functions so transferred, they shall be continued. Orders

25-047 O - 74 -pt. 2-- 8
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shall be issued in such proceedings, appeals taken therefrom, and payments made
pursuant to such orders, as if the Act had not been enacted ; and orders issued in
any such proceedings shall continue in effect until modified, terminated, super-
seded, or revoked by a duly authorized official, by a court of competent jurisdic-
tion, or by operation of law. Nothing herein shall be deemed to prohibit the dis-
continuance or modification of any such proceeding under the same terms and
conditions aud to the same extent that such proceeding could have been discon-
tinued if the Act had not been enacted.

(b) Except as provided in Subsection (d)—

1. the provisions of this Act shall not affect suits commenced prior to the date
this Act takes effect, and

2. in all such suits proceedings shall be had, appeals taken, and judgments
rendered, in the same manner and effect as if the Act had not been enacted.

(c) No suit, action, or other proceeding commenced by or against any officer
in his official capacity as an officer of any department or agency whose functions
are transferred by the Act shall abate by reason of enactment of the Act. No
cause of action by or against any department or agency, functions of which are
here transferred, or by or against any officer thereof in his official capacity shall
abate by reason of the enactment of this Act. Causes of actions, suits, actions, or
other proceedings may be asserted by or against the United States or such
official as may be appropriate and, in any litigation pending when the Act takes
effect, the court may at any time, on its own motion or that of any party, enter
any order which will give effect to the provisions of this Act.

(d) If, before the date on which this Act takes effect, any departinent or
agency, or officer thereof in his officlal capacity, is a party to a suit involving
any function of such department, agency, or officer transferred by this Act to
the Administration, then such suit shall be continued as if this Act had not been
enacted, with the Administration substituted. ‘

(e) Final orders and actions of any official or component in the performance of
functions transferred by this Act shall be subject to judicial review to the same
extent and in the same manner as if there had been no transfer. Any statutory
requirements relating to notices, hearings, action upon the record, or adminis-
trative review that apply to any function transferred hereby shall apply to the
performance of those functions by the Administration, or any officer or com-
ponent. J

SEc. 112. With respect to any function transferred by the Act and performed
after its effective date, reference in any other law (including reorganization
plang) to any department or agency or any officer or office the functions of which
are so transferred shall be deemed to refer to the Administration or offictals
thereof in which this Act vests such functions,

SEc. 113. Nothing herein shall be construed to limit, curtail, abolish, or termi-
nate any function of the President which he had immediately before the effective
date of the Act; or to limit, curtail, abolish, or terminate his authority to per-
form such function; or to limit, curtail, abolish, or terminate his authority to
delegate, redelegate, or terminate any delegation of functions.

Tirie VI

FUNDING

SEc. 114. (a) There i9 hereby established in the Treasury of the United States
a trust fund to be known as the Federal Energy Research, Development, and
Demostration Trust Fund (referred to herein as the “fund”). The fund shall
consist of such amounts as may be credited or appropriated to it as provided
in this section, and moneys so credited or appropriated are hereby made avail-
able to ERDDA for carrying out the purposes of this Act including the adminis-
tration thereof, without fiscal year limitations.

(b) Commencing with the fiscal year ending June 30, 1974, and each fiscal year
thereafter, all revenues (except so much thereof as may be already obligated
under the provisions of other legislation such as Section 2(c) (2) of the Land
and Water Conservation Fund Act of 1965 (16 U.S.C. 4601-5) due and payable
during each guch fiscal year to the United States for deposit in the Treasury as
receipts from Federal lease sales of all energy sources, as well as royalties and
other revenues derived from operations on, or the use of, such Federal leases,

shall, up to $2,000,000,000, be credited to the fund.
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(¢) In addition to the moneys credited to the fund pursuant to Subsection (b)
of this section, there is authorized to be appropriated to the fund for the fiscal
year ending June 30, 1974, and each fiscal year thereafter, such amount as is
necessary to make the income of the fund $2,000,000,000 for each such fiscal
year.

(d) (1) It shall be the duty of the Secretary of the Treasury to manage the
fund and (after consultation with appropriate officials of ERDDA) to report to
the Congress not later than the first day of March of each year on the financial
condition and the results of the operations of the fund during the preceding
fiscal year and on its expected condition and operations during each fiscal year
thereafter. Such report shall be printed as a Senate and House document of
the session of the Congress to which the report is made.

(2) It shall be the duty of the Secretary of the Treasury to invest such portion
of the fund as is not, in his judgment, required to meet current withdrawals.
Such investments may be made only in interest-bearing obligations of the United
States or in obligations guaranteed as to both principal and interest by the
United States. For such purpose such obligations may be acquired (A) on
original issue at the issue price, or (B) by purchase of outstanding obligations
at the market price. The purpose for which obligations of the United States may
be issued under the Second Liberty Bond Act, as amended, are hereby extended
to authorize the issuance at par of special obligations exclusively to the fund.
Such special obligations shall bear interest at a rate equal to the average rate
of interest, computed as to the end of the calendar month next preceding the
date of such issue, borne by all marketable interest-bearing obligations of the
United States then forming a part of the public debt; except that where such
average rate is not a multiple of one-eighth of 1 per centum, the rate of interest
of such special obligations shall be the multiple of one-eighth of 1 per centum
next lower than such average rate. Such special obligations shall be issued only
if the Secretary of the Treasury determines that the purchase of other interest-
bearing obligations of the United States, or of obligations guaranteed as to both
principal and interest by the United States on original issue or at the market
price, is not in the public interest.

(3) Any obligation acquired by the fund (except special obligations issued
exclusively to the fund) may be sold by the Secretary of the Treasury at the
;uarket price, and such special obligations may be redeemed at par plus accured

nterest.

(4) The interest on, and the proceeds from the sale or redemption of, any
obligations held in the fund shall be credited to and form a part of the fund.

TiTLE VII
NUCLEAR ENERGY COMMISSION

Sec. 116, (a) The Atomic Energy Commission shall retain its functions per-
taining to uranium and thorium reserve assessment, and its functions pertaining
to the licensing and related regulatory functions of the Chairman and members
of the Commission, the General Counsel, and other officers and components of
the Commission performing such functions, which functions, officers, and com-
ponents are not included in the transfer to the Administrator by section 108

above.
(b) The Atomic Energy Commission is hereby renamed the Nuclear Energy

Commission.

TirLe VIII
EFFECTIVE DATE AND INTERIM APPOINTMENT

SEc. 116. The provisions of this Act dealing with title II (sections 103, 104,
105, and 1068) shall take effect on the day of enactment. All other provisions shall
take effect thirty days thereafter. Funds available to any department or agency
(or any official or component thereof), any functions of which are transferred
to the Administration by this Act, may, with the approval of the President, be
used to pay the compensation and expenses of any officer appointed pursuant to
this subsection until such time as funds for that purpose are otherwise available.
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Trirre IX
DEFINITIONS AND ADMINISTRATIVE PROVISIONS

Sec. 117. (a) As used herein references to:
1. “function” or “functions” include references to duty, obligation, power,

authority, responsibility, right, privilege, and activity, or the plural thereof, as

the case may be;
2. “perform” or, “performance” when used in relation to functions, include the

exercise of power, authority, rights, and privileges;

3. “research and development” include all phases of Federal energy research,
development, and demonstration, ranging from the conception of scientific and
engineering principles appropriate for attaining a particular techmological objec-
tive through the demonstration of their practical utility on a commercial scale,
except to the extent they are or military purposes;

4. “demonstration’ refer to that stage of a research and development program
which typically follows the pilot plant stage and the objective of which is to
establish the commercial feasibility of a particular process before it is put

into commercial use;
5. “energy sources” include fossil fuels, geothermal energy, nuclear energy,

solér energy, tidal energy, and other unconventional sources of energy;
8. “person” include any individual, association, institution, corporation, or
other entity, any state or political subdivision, or agency or institution thereof,

and any Federal department or agency,
7. “the Act” or “this Act” refer to the “Energy Research, Development, and

Demonstration Act” enacted herein;

8. “the Administration” or “ERDDA"” refer to “the Energy Research, De-
velopment, and Demonstration Administration” established herein; and

9, “fund” refer to the Federal Energy Research, Development and Demonstra-
tion Trust Fund established herein.

Any reference to any provision of law shall be deemed to include, as appro-
priate, references thereto as now or hereafter amended or supplemented.

(b) The Administrator is authorized to accept, hold, administer, and utilize
gifts, and bequests of property, both real and personal, for the purpose of aiding
or facilitating the work of the Administration. Gifts and bequests of money and
proceeds from sales of other property received as gifts or bequests shall be
deposited in the Treasury and shall be disbursed upon the order of the Admin-
istrator. Property accepted pursuant to this section, and the proceeds thereof,
shall be used as nearly as possible in accordance with the terms of the gift
or bequest. For the purpose of Federal income, estate, and gift taxes, property
accepted under this section shall be considered as a gift or bequest to the United
States.

(¢) The Administration shall cause a seal of office to be made of such device
as the Boarad shall approve, and judicial notice shall be taken of such seal.

. Tiree X
SEPARABILITY

SEc. 118, If any provisions of this Act, or the application thereof to anyperson
or circumstance is held invalid, the remainder of the Act, and the application
of such provision to other persons or circumstances shall not be affected thereby.

-
A Bin. To EsTABLISH AN ENERGY RESEARCH, DEVELOPMENT, AND
DEMONSTRATION ADMINISTRATION

"The attached proposed legislation is based on the conviction that a substan-
tially increased centralized, and sustained energy research and development
program, including demonstration, is indispensable to development of the nation’s
domestic energy sources, and thereby its energy self-sufficiency, thirough socially
and environmentally accepted methods for producing, conserving and utilizing
all forms of energy. Accomplishment of this vital effort requires a fresh new
organization independent of existing organizations and procedures, and charged
with overall and specific accountability for coordination, streamlined adminis-

tration, and results.
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The bill accordingly provides for the establishment of a new independent
agency, the Federal Energy Research, Development, and Demonstration Admin-
istration (“ERDDA’). Responsibility is consolidated therein for coordinating
and administering all existing, and for initiating, coordinating and administering
extensive new, energy research and development functions and programs appli-
cable to all forms of energy—except those undertaken for military purposes. Com-
mensurate authority extends from overall policy planning and budget control,
to all stages of particular projects, from initial conception through design, con-
struction, operation and maintenance of commercial-sized demonstration plants,
such operations to be carried on internally with ERDDA’s own facilities, or
by suitable arrangement with contract agencies.

A 15-member Board of Governors, composed of Government Officials qualified
in energy and energy regearch and development, and of experts from the private
sector, is responsible for overall supervision of ERDDA. The daily operations
of ERDDA are to be directed by an “Administrator,” who must be outstand-
ingly qualified in those fields, and their management. He will serve as Chief
Executive Officer responsible to the Board for carrying out the Board’s policies
consistent with the objectives and purposes of the Act.

To carry out this effort, the bill provides for funding through a special trust
fund composed of receipts from Federal lease sales and all other sales or grants
of development rights of energy sources on Federal lands, up to $2 billion a
year. The payments to the Federal Government for energy development rights
thus earmarked for development of new energy sources would provide the sus-
tained continuity indispensable to a project of this nature.

[From the Congressional Record, July 13, 1973)

STATEMENTS ON INTRODUCED BILLS AND JOINT RESOLUTIONS

Mr. Mr. Cook (for himself, Mr. Robert C. Byrd, and Mr, Baker) :

S. 2167. A bill to authorize the Secretary of the Interior to conduct research,
development, and demonstration projects in the flelds of energy sources and
technologies. Referred to the Committee on Interior and Insular Affairs.

Mr. Cook. Mr. President, on Tuesday, July 10, I was pleased to join with my
colleagues in a colloquy on the energy problems which this Nation faces. I
believe most sincerely that in addition to focusing attention on these problems,
we also have to come forward with sensible and workable solutions. o

At the conclusion of my statement I again expressed my belief that we must
solva our problem by the production and use of our domestic resources. I pro-
posed that we expend every effort to improve our research and development
efforts to a degree that we are no longer dependent on a foreign power for our
energy fuels, In so doing we could insure our status as a world power.

I referred to the President’s second energy statement as well as various
pieces of legislation before the Congress,

The President has now concluded that the present program for funding energy
R. & D. is not adequate. There are many of us who have held thig view for some
time and I am pleased to see this new approach the President is now taking.
His announcement that $10 billion should be funded for energy R. & D. over
the next 5 years beginning in 1975 follows very closely the proposal contained
in Senator Jackson’s bill, S. 1283, of which I am a cosponsor.

S. 1283 would establish a national program for Research, Development and
Demonstration in Fuels and Energy and for the coordination and financial
supplementation of Federal energy research and development. The bill would
cost $20 billion over a 10-year period.

Mr. President, regardless of the course we decide to follow I believe that
the objective can be achieved only if there is assured financing over a con-
tinuing period. If we permit the R. & D. program to be dependent on an annual
appropriation we most certainly risk attainment of our goal. The question then
arises as to how this assured and continued funding can best be provided.

In 1958, when the decision was made to undertake the construction of 40,000
miles of super interstate highways we recognized that in so doing we were
tackling the greatest construction project in the history of man, We recognized
further that to achieve our goal that we must have assured funding over a con-
tinuing period. We realized that we must remove the uncertainties inherent
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in dependence on annual appropriations, The decision was made by the 84th
Congress and President Elsenhower to establish a Highway Trust Fund for
this purpose. Public Law 627 came {nto being. The fund derived Its assets from
taxes paid on fuels, tread rubber, tires, tubes, buses, trucks, and other highway
use sources. In this way the user paid the cost of the highway. We now enjoy
a highway network which T question would exist had we not created this fund.
As we seek the best solution to funding required R. & D). programs for energy.
I think we would do well to consider our previous action,

The requirement exists for assured and continuous funding of our R. & D).
program. What better way to provide this funding than the creatlon of a Federal
dnergy Research and Development Trust Fund. This fund could act as a
repository for funds of a preseribed amount and expenditure could be made
from the fund to meet requirements as they occurred over a continuous time
period, T suggest a smm of $2 billion would be paid into the fund annually.
I would not restrict or require that a specific amount be expended over a
fiscal Year and would permit the administration to expend the available funds
over a continued period to meet requirements. Experience has shown that
R. & D. projects usunlly begin with small initial funding requirements and
;hfir requirements over succeeding perfods are dictated by their success or
aflure, -

In suggesting $2 billjon as an annual sum I realize that this amount is a
quantum jump in R. & D. expenditure, For the period fiseal year 1970; fiscal
vear 1974 only $2.753 billion was funded. These figures were included in the
President's first energy message, and I ask unanimous congent that a copy be
printed in the record.

There being no objection, the tables, were ordered to be printed in the record,

as follows:
FEDERAL ENERGY R. & D. FUNDING

Fiscal
ear
Agency 870 1971 1972 1973 1974
Coal: Resources development.... ... . ... ... .coooeo.... 30.4 49.0 73.5 94.5 119.9

Production and utilization R. & D. including gasification,
liquefaction and MHD:
DOV OCR. ... o eeeaaaes 3.5 18.8 30,3 43.5
DO, BOM. . ..o . 13,2 15.4 14.7 19.8 18.1
Mining health and safety research, DOI, BOM . 3.7 14.8 28,5 3.2
Interior central fund (part), DON. .. .. ... e aecemmeeeeemeeeaceeeeeenaeaae

Petroleum and natural gas. ... ... . ...

8.8
Petroleum extraction technology, DOI, BOM. ....._...__.. 2.7 . X
Nuclear gas stimulation, AEC.. .. ... . ... .. ........ 3.7 6.1 7.1 7.2 4.0
2.4 A . 2.0
4

Oil shale, DO), BOM._.__.. ... .. ... ...l

Nuclear fission. . ... ..o eiaas 283. 295, 2 358.0 412,0 475.4
Liquid metal fast breeder reactor: -

LY L S O 144.3 167.9 236.0 269.0 320.0

TV et eiaaaemaeteeiamee—meeaaeeaeiazezenerasnnezn .2 3.0 3.0

Other civilian nuclear power, AEC. .. ... ... ............ 108.5 9.6 86.8 98,0 90,5

Nuclear materials process development, AEC_.____.._.__.._. 30.6 30.7 35.0 _ 42.0 61.9

NUCIEAr FUSTON. ..o oo 31.5 2.2 52.8 655 88.5

Magnetic confinement, AEC 34.3 32.2 333 39.6 47.3

Laser, AEC. ..o eeoe e ieeeemaans emean 3.2 10.0 19,5 25.9 4.2

Solar 8nergy, NSF. . et e e e emaeaeearaecaoamamcamieeanaeaoae 1.7 4.2 12.2

Geothermal energy...........coeooemmoroi i .2 .2 1.4 3.4 4.1

.7 .7 1.4

7 2.5 2.5

.2 .2

2 4.9 4.1

.3 2.4 .9

.9 1.0 1.0

1.5 2.2
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Control technology (Stationary SOUICeS). . ... ..oveeeeeee e iamceecceaneeaennan 28.6 38.1 47.5

Air olluuon control technology, [ 1.7 Y 19.8 17.4 24.5 29.5 21.5

SOX removal, TVA . .. eeeiereteeaeeearannnrennnnsnanseseennn L1 3.0 18.0
Thermal effects:

EPA. . eeaa——————aan .8 .7 1.0 1.0

AEC ettt —————— 1.5 1.8 2.3 4.6 1.0

MisCellaneous. . oo ciiiaiiinaceeeecncieeeanaeaannnae 6.3 6.9 1.0

Systems and fesource studies, NSF. . oo eriiiieirceeenenanann 4.4 5.3 5.3

Enef?etlcs research, NSF. ... et ra——eaann 1.9 1.6 1.7

Interior central fund (part), DOL. . ... et aeeeeeiasennctsrsncanesannannannn 40

Total rasearch and development. ... .................. 382.4 419.2 537.4 642.3 771.8

. 0 PN 326.1 345.3 420.0 487.8 574.1

20,6 18, 25.2 30.5 22.5

10.0 14,2 215

80.9 103.8 132.7

1.3 6.0 21.0

Agenc codes: AEC—Atomic Ener%y Commission; D0), BOM—Department of the Interior, Bureau of Mines; DOI,
6S—Department of the Interior, Geological Survey; DOI, OCR—Department of the Interior, Office of Coal Research
NSF—National Science Foundation; TVA—Tennessee Valley Authority.

Mr. Cook. In analyzing these figures it is interesting to note that $2.110 bil-
lion or 76.6 percent of this total was funded for atomic energy. The remain-
ing sum—$642 million was divided over all other R. & D. projects related to
energy.

I take no issue with the amount funded for atomic energy as I believe that we
will benefit from this important pr~gram. I do regret the paucity of funds—
$642 million—which has been shared over the past § years by programs related
to: coal, oil, gas, geothermal, solar, and other miscellaneous systems. We must
correct this deficiency. I believe that the establishment of a fund in the amounts
suggested will meet this requirement.

Let us consider the source of these funds. I again suggest the user approach.
However, rather than revenue from the tax placed on the user I suggest that we
utilize the revenue from the assets of the user. In this instance the user is
most certainly the public—you and I. And the asset of which I speak is our
public land and more specifically that public land which lies on the Outer Con-
tinental Shelf—OCS. For many years we had these assets but we did not consider
them to be of any great value because the supply far exceeded the demand.

Today we find that these OCS assets have indeed increased in value, The
frony in this increase is that it has come about by an energy shortage, particu-
larly oil and gas, which threatens to destroy many of our much more tangible
and recognizable assets.

The revenue comes to us through the lease bonuses paid by the energy industry
for permission to explore for and produce oil and gas from our public land. The
use of funds collected by the Government in our interest from the encrgy in-
dustries for the use of our land would seem to me to be a most logical source
of funds for Government funded R. & D. programs to solve our energy problem.
Projections for the adequacy of such funds seem most favorable,

I have received information concerning the OCS lease sales and request that
it be printed in the Record at this point.

There -being no objection, the table was ordered to be printed in the Record,

as follows:
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OUTER CONTINENTAL SHELF LEASE SALES

1st-year

Leased Bonus rentals

Year tracts Acres (millions) (millions)

1968 .. e eaee e 197 934, 167 $1, 346 $3.0
1969, ..o e 40 114,283 112 1.1
1970, o oo i e 136 591, 040 944 2.1
LY 2 S PP : 11 37,222 96 .4
|17 7 2 PPt 178 826, 195 2,251 2.5
1) & L TP 104 600, 000 1,598 1.8
L L1 PR 666. 3,102,907 6,347 10.9

1 Prellmlnarr astimates. 0. & G, Journal, June 25, 1973, In addition a lease sale of about 800,000 acreas is scheduled
for December 1973.

Mr., Cook. If we take the period of calendar year 1968-72 and the first few
months of 1973 we find that $6.347 billion have been collected in lease bonus pay-
ment by the energy industry, This is considerably more than was expended for
the R. & D. during a similar perfod. I also remind the Congress that the President
has announced his intention to increase by threefold our previous lease sales and
has announced one additional lease sale of considerable size for December of
this year. Judging from the acreage involved the revenue from this sale could
well exceed $1 billion. This total sum for this year would be over one-half billion
in excess of that required to support the funding for the proposed trust fund.

Mr. President, on July 10, 1973, I announced my intention to propose legisla-
tion to provide the necessary funds for energy research and devclopment, I am
today introducing a bill for Senator BAKER of Tennessee, Senator RCBERT C. BYRD
of West Virginia, and myself to establish in the Treasury of the United States a
trust fund to be known as the “Federal Energy Research and Development Trust
Fund” and ask unanimous consent that the text be printed in the REcorp at the

conclusion of my remarks.
The AcriNg PRESIDENT pro tempore. Without objection, it is so ordered.

(See exhibit 1.)

Mr, Cook. Commencing with the year ending June 80, 1974, and each fiscal year
thereafter, all revenues up to $2 billion except as otherwise obligated, due and
payable during each such fiscal year to the United States for deposit in the
Treasury as miscellaneous receipts under the Outer Continental Shelf Lands Act
shall be credited to the Fund. In the unlikely event the leasing program does not
generate sufficlent funds: sufficient funds would be authorized as necessary to
make the annual income of the Fund $2 billion.

In announcing his cosponsorship of this bill Senator Baker suggested that an
attempt be made to broaden the base of contributions to this Fund and that one
possible method might be incorporated in a user’s utility tax. He further stated
that he intends to offer something concrete along these lines in the near future.
I welcome Senator BAKER’'S suggestions as I believe that it has considerable merit.
It follows very closely the intent of the bill in that the Fund would be supported
by the user. I believe that this matter could be considered in detail by the com-
mittee to which it is referred, and I so recommend. Certainly we would want to
make an ample provision for the necessary funds.

It is my intent that the Secretary of the Interior or, if the Congress so chooses,
the Secretary of the Department of Energy and Natural Resources, would use the
Fund to conduct research, development, and demonstartion projects.

I might suggest at this point, Mr. President, that it might even be considered,
in the event the trust were to be established to the full extent, that if it were
necessary, the Federal Government could even go into the business, as we did in
the atomic energy crisis and as we did in the NASA crisis, as we did prior to
World War 11 and during the course of World War 1I, and that if it is necessary
it might even be considered that it would be prudent to the extent that the Fed-
eral Government would go into the business of the establishment of refineries, the
establishment of pipelines, or whatever was necessary to solve and create a logi-
cal energy program for the United States, so that we would not be dependent on
foreign sources.

Therefore, Mr. President, on this basis, the Government could enter into con-
tracts and agreements with any person for conduct by such persons of these proj-
ects in all fields of energy sources and technologies,
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Mr. President, the 93d Congress is making progress in solving our energy prob-
lems. I urge that it continue this progress and support the passage of this bill.

Expisir 1—8. 2167

Bo 1t enacted by the Senate and House of Representatives of the United States
of America in Congress assembled, That the Secretary of the Interior is author-
ized, utilizing moneys in the Fund established by section 2 of this Act, to con-

duct research, development, and demonstration projects in, and to enter into
agreements with any person for the conduct by such person of research, develop-
ment, and demonstration projects in, the flelds of energy sources and technologies.
In carrying out the provisions of this Act, the Secretary of the Interior is au-
thorized to make grants, and to enter into contracts, leases, or other arrange-

ments,

(b) As used in this section, the term—
(1) “energy sources” includes fossil fuels, geothermal energy, nuclear energy,

and solar energy, tidal energy, and unconventional sources of energy; and

(2) “person” includes any individual, association, institution, corporation, or
other entity, any State or political subdivision, or agency or institution thereof,
and any Federal department or agency.

Sec. 2. (a) There iy hereby established in the Treasury of the United States
a trust fund to be known as the ‘“Federal Energy Research and Development
Trust Fund” (hereafter referred to in this section as the “¥und”). The Fund
shall consist of such amounts as may be appropriated or credited to it as provided
in this section. Moneys credited or appropriated to the Fund pursuant to this
section are hereby made available to the Secretary of the Interior for carrying
out the purposes of this Act without fiscal year limitations.

(b) Commencing with the fiscal year ending June 30, 1974, and each fiscal
year thereafter, all revenues (except so much thereof as may be obligated under
the provisions of section 2(c)(2) of the Land and Water Conservation Fund
Act of 1965 (16 U.S.C. 4601-5) ) due and payable during each such fiscal year to
the United States for deposit in the Treasury as miscellaneous receipts under
:ﬂe ;)ut(:ir Continental Shelf Lands Act shall, up to $2,000,000,000, be credited to

e Fund.

(e) In addition to the moneys credired to the Fund pursuant to subsectfon (b)
of this section, there is authorized to be appropriated to the Fund, for the fiscal
vear ending June 30, 1974, and each fiscal year thereafter, such amount as is
necessary to make the income of the Fund $2,000,000,000 for each such fiscal year.

(d) (1) It shall be the duty of the Secretary of the Treasury to manage the
Fund and (after consultation with the Secretary of the Interior) to report to
the Congress not later than the first day of March of each year of the financial
condition and the results of the operations of the Fund during the preceding
fiscal year and on its expected condition and operations during each fiscal year
thereafter. Such report shall be printed as a Senate document of the session of
the Congress to which the report is made.

(2) It shall be the duty of the Secretary of the Treasury to invest such portion
of the Fund as ig not, in his judgment, required to meet current withdrdwals.
Such investments may be made only in interest-bearing obligations of the United
States or in obligations guaranteed as to both principal and interest by the
United States. For such purpose such obligations may be acquired (A) on original
issue at the issue price, or (B) by purchase of outstanding obligations at the
market price. The purposes for which obligations of the United States may be
issued under the Second Liberty Bond Act, as amended, are hereby extended to
authorize the issuance at par of special obligations exclusively to the Fund.
Such special obligations shall bear interest at a rate equal to the average rate
of interest, computed as {o the end of the calendar month next preceding the
date of such issue, borne by all marketable interest-bearing obligations of the
United States then forming a part of the Public Debt; except that where such
average rate is not a multiple of one-eight of 1 percent, the rate of interest of
such special obligations shall be the multiple of one-cight of 1 percent next
lower than such average rate. Such special obligations shall be issued only if
the Secretary of the Treasury determines that the purchase of other interest-
bearing obligations of the United States, or of obligations guaranteed as to both
principal and interest by the United States on original issue or at the market

price, is not in the public interest.
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(8) Any obligation acquired by the fund (except special obligations issued ex-
clusively to the Fund) may be sold by the Secretary of the I'reasury at the market
price, and such special obligations may be redeemed at par plus acerued interest.

(4) The interest on, and the proceeds from the sale or redemption of, any ob-
ligations held in the Fund shall be credited to and form a part of the Fund.

Mr. RoBert C. ByYrp, Mr. President, will the Senator yield?

Mr, Cook. I yield.
Mr. Rosert C. BYRD, Mr. President, I congratulate my distinguished friend from

Kentucky (Mr. Cook) on the foresight that he is demonstrating in introducing
this legislation.

We in this country have been living in an energy-cheap era. We have been
wasteful, we have been thoughtless, and we have lacked the vision and foresight
that we should have shown, and are paying for it dearly now and will continue
to do so. For too long administrations—Democratic and Republican—have failed
to budget sufficient moneys for energy research, and particularly in connection
with coal. The problems we are having in the 1970's derive in great measure
from the fact that we failed to act in the 19680’s to provide adequate funds for
codl, oil, and gas research.

As a member of the Senate Appropriations Committee, for 15 years I have
sought to secure increased appropriations for coal research. When I was a
Member of the other body, and served there with my distinguished friend the
Junior Senator from Montana (Mr. Metcalf)—who is now presiding over this
august body—we sought to establish an Office of Coal Research, and after sev-
eral years of persistent efforts, Congress enacted legislation to provide such an
office. But the administrations, as I say, both under Democratic leadership and
under Republican leadership, have in my judgment failed over the years to pro-
vide the necessary funding requests to adequately deal with the energy problem
through research.

It is true, as the distinguished Senator from Kentucky pointed out, there has
been a considerable amount of money spent in the nuclear energy field, but
coal, the most bountiful fossil fuel resource we have in this country, has cousis-
tently come up on the low end of the totem pole. There has long been a serious
imbalance in funding for research in the energy fleld. Over the years, I have tried
to add moneys for coal research in appropriation bills. It has been like trying
to wring water out of a dry towel—a drop here and a drop there—we get a little
money from the subcommittee, and then the full committee. It comes to the Sen-
ate. It goes to conference and there it gets cut in half. It has been a severe trial
to try to add moneys for coal research when the administration fails to request
sufficient funds for such in the budget. The very best we can do is too little.

I believe that the able Senator from Kentucky has come up with an idea here
which, patterned after the highway trust funds which have been so successful nnd
without which we would not today have the broad network of excellent interstate
highways in this country, will provide adequately for the funding of energy re-
search. I want to congratulate him. I appreciate his adding my name as a co-
sponsor. I trust that we will have the support of other Senators for the legis-

lation..
I hope that the legislation the Senator from Kentucky has introduced will re-

ceive speedy hearings and expeditious action.

Mr. Cook. Mr. President, I want to thank the distinguished Senator from
West Virginia. Through the efforts of the distinguished -Senator from West
Virginia in his position as a Senator from West Virginia and his position on the
Appropriations Committee, the funds for the Office of Coal Research this year
are $113 million, which is almost twice the amount the administration requested.

The point I am trying to make is that the Senator from West Virginia has
helped me ever since I came here. The Institute for Surface Mining, established
at Berea College in Kentucky, is the only institute of its kind in the United States.
We have been able, by hard work, to get it funded at an approximate level of
$300,000 a year, yet it has been used in almost every coal State in the United
States, Including the State of the distinguished Senator from Montana (Mr.
Metealf), now the Presiding Officer of the Senate.

I might also say that it was through the efforts of the senior Senator from
West Virginia, in approximately 1955 or 1056, that the first money was put in the
budget for coal gasification and the institute was established and started work
on coal gasification. Yet because it was a budget item that had to be renewed on
a year-to-year-to-year basis, within 2 years it was dropped from the budget.
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The project was stopped. We lost all that time between 1956 and now on coal
gasification, coal liquefication, and desulfurization of coal.

Look where we are now. I might say that both Senators from West Virginia
(dir. Randolph and Mr. Robert C. Byrd) have been working on this matter far
longer than I have. So that I can only say there iy only one way to get rid of
this frustration that we have to fight every year, and that is by the establish-
ment of a trust so that we know there can be continuing and ongoing funds avail-
able, so that we do not have to fight every year for coal research to try to solve
the various problems that need to be faced in the energy field.

Mr. Roserr C. Byrp. I again compliment the Senator from Kentucky. It has
indeed been frustrating to try to squeeze out a dollar here and a dollar there for
coal research. I was able through great effort to secure moneys to establish a
pilot plant to produce high-octane gasoline at Cresap, in Marshall County, W, Va.
It was a pilot plant, costing $10 million to $12 million. Its purpose originally
was to conduct research in the effort to produce high-octane gasoline from coal.
I think we achieved our goal. At least it was proved that such gasoline can be
produced from coal at prices that are almost competitive with other fuels. But
the plant has been in mothballs now for some time. Yet, the country needs a
low-sulfur-content fuel oil and this plant could be utilized for that purpose. The
Department of the Interior is supporting the use of this plant for that purpose.
I feel that it soon will be put to that use,

But we continue to spend billions of dollars for oil coming to our country
from overseas which affects our balance of payments adversely, which affects our
balance of trade adversely, whereas if we could spend a comparatively few
pennies here, if we had spent a comparative few dollars 10 years ago, a few
dollars in comparison with the high cost of importing oil coming into this country
now, we would not now have such a balance-of-payments deficit, and we would
not have to lean on other countries for the energy so important to our security.
We would not have the problems in our own country with respect to blackouts,
brownouts, and the other energy shortages that we are confronted with today and
which we will be increasingly confronted with for awhile.

I congratulate the Senator from Kentucky again. He has demonstrated tre-
mendous foresight and I hope that the Senate will act favorably and soon on this

legislation,
Mr. Coox. May I associate myself with the remarks of the Senator from West

Virginia.

Mr, President, it is an amazing situation we find ourselves in in this country
that 6 percent of the world’s population is now using between 35 percent and 40
rercent of the world's fossil fuel resources. We now use 5 million barrels a day
of imported crude oil. It does not take anyone long to figure out that a 42-gallon
barrel—all we have to do is take a 42-gallon barrel and multiply it 5 million
times, and if we continue at the rate we are increasing now, and we are increas-
ing our utilization by 4.5 percent a year, that means that unless we do something
between now and 1985, we will be importing into this country 15 million barrels
of crude oil a day.

We cannot let that happen to this Nation. We have got to have a program.
It is amazing that we have watched the increase in prices of various fuels and
various items of fuel, yet we find out that one of the increases is a direct result
of the competitive element of bidding for leases from the U.S. Government and
one of the major costs that has to be put on the books by the companies is the
fantastic result of the millions and millons of dollars that they have to bid
for the leases and the money goes into the Treasury instead of into a trust fund
to solve our energy problems.

Mr. Roserr C. Byro. It i8 a repetition of the old story, “For want of a nail,
the shoe was lost. For want of a shoe, the horse was lost. For want of a horse,
the rider was lost.”

Mr. Cook. I thank the Senator from West Virginia,

The AcTiNg PRESIDENT pro tempore, The time of the Senator has expired.

Mr. STEVENS. Mr. President, I have a feeling that one of the reasons we have
the opposition to the off shore drilling is that the States that are on the shore
with the proposed activity have no interests. I have not seen the Senator’s propo-
sal and I wonder whether it contains any concept of payments to the States,
affected by the increased activity offshore as we do in connection with the devel-
opment of public lands or development of the forests in counties where they are

located,
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Mr. Coor. To answer the Senator's question bluntly, it does not. But we gave
that serious consideration, and I would hope that the Senator from Alaska
would pursue it. If he feels that there should be a particular percentage, because
of the tug of war that has gone on through the years between the Federal Gov-
ernment and the respective States relative to offshore drilling, I hope he would
collaborate with this Senator at least, in trying to find a percentage or trying
to find a formula by which a percentage of the trust would be utilized for the
State of Alaska, the State of Florida, the State of Louisiana, the State of
Texas, the respective eastern shore States and Western shore States, to resolve
the problem that the Senator from Alaska presents.
thl\{r. STEVENS. I would be happy to work with the Senator from Kentucky on

at.

In connection with the developments of the offshore drilling in the Cook Inlet,
where there are now a series of platforms that are producing oil and gas from
under the Cook Inlet, we can demonstrate fully the impact of those operations
on both the State and what we call the borough, and what the Senator would
call the county governments, and the city governments in the area; the cost of
schools ; increased roads, docks, and everything else assoclated with that develop-
ment—all of which comes out of those local governments—and they have no
assoclated income if the drilling is outside the State’s jurisdiction. I would be
pleased to work with the Senator on that.

I do not think Maryland or the east coast is going to allow drilling off the
east coast until they can see that it is in their financial interest to do so, because
?lf the fantastic cost associated today in connection with environmental protec-

on.

I think the Senator has a good proposal, and I am happy that I was here when
he presented it. But I think we are going to have to do something to protect the
interests of the States and local governments involved,.

Mr. Cook. I thank the Senator from Alaska for raising the point, because we
did raise it in our discussions. At that stage of the game, we had the informa-
tion we really wanted for the establishment of the trust. I say to the Senator
that we had no way of pinpointing a percentage. We had no way of determining
logically and with sound reasoning an equitable formula. I think we can move
in that direction, and we should. I am delighted that the Senator fromn Alaska
raised that point.

Mr. SteveNs. I thank the Senator.

STATEMENT OoN ENERGY RESkARCH PoLricy

(By J. Hilbert Anderson, Consulting Engineer, and vice president, Sea Solar
Power, Inc.)

All of the furor about the energy crisis has stimulated thousands of sugges-
tions, Each proposer of a solution or partial solution is sure that his idea is
most important to the overall effort. As a result we have myriads of roads to
travel but no direction or mileage signs,

It is now time to take a hard look at the economics of our possible sources of
energy, and decide which ones we can really afford to develop.

We, in the United States have been blessed with enough energy and ingenuity
so that power has been ridiculously cheap. As late as ten years ago we were
promised nuclear power “too cheap to meter”. Now that the mirage has dis-
appeared we can get down to some honest hard work to solve the problem.

What is the real measure of what we can afford to pay for energy? When
we tried to analyse this on a logical basis we suddenly realized that our real
objective is simply to produce power cheaper than animal power. If we can’t
produce power cheaper than animals can produce it, then we will obviously go
back to an animal powered society. Whether the animals are human or not, has
no bearing on the case.

Probably the best measure of the cost of animal power is the horse, our tra-
ditional source of power, prior to the industrial revolution, and a source that is
still in use. A draft horse currently costs about $300.00, If we say that one horse
produces one horsepower, or three quarters of a kilowatt, then the cost of a
horsepowered plant would be $400.00 per kilowatt. Since a horse can work only
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eight hours per day, and perhaps 250 days per year, the percentage of time
worked, or the load factor is only 22.89%. The fuel cost is the food cost for the
horse, which we are told is approximately $1.25 per day. If the horse produces
1490 kilowatt hours per year and the cost of food is $456.00 per year, then the
cost of fuel is 30.6 cents per kilowatt hour. If we assume the fixed charges for
maintaining a horse are 169% per year, then this adds $80.00 per year to our
cost, or 3.0 cents per kilowatt hour. Our total cost of power is then 38.6 cents per
kilowatt hour. As an approximation we can say that any source of power that
will cost more than 34 cents per kilowatt hour is hardly worth developing.

Now, let us look at costs of presently used sources of power, and compare them
with estimated costs of proposed potential sources of power. This should tell us
where we should really spend our development effort.

Our first chart, Fig. 1 shows the approximate range of installed costs for vari-
ous types of power plants, Much of this data was taken from information sup-
plied by the National Science Foundation.

The first three bars on the left of the chart show costs of conventional fossil
fueled plants, ranging from a minimum of $200.00 per kilowatt for gas fired
plants to $400.00 for coal plants.

The next bar shows Sea Thermal Power. This means power generation from
the warm solar heated surface waters of the ocean. The costs of $300 to $500
per kilowatt were estimated by the National Science Foundation, Our own origi-
nal estimated costs were $160 per kilowatt.

Geothermal power is shown with plant costs from $100 to $500 per kilowatt.
The wide variation will depend largely on the temperature and corrosiveness
of the water or steam supply, and the type of cooling system used.

Wind power is estimated to cost from $200 to $600 per kilowatt, and these
estimates seem to be based on sound experience.

Nuclear power plant costs range from a little more than $400 per kilowatt
for plants presently being completed to about $1000 for the projected breeder
reactor plants.

Solar thermal plants collect the sun’s energy on man made collectors in desert
locations, convert it to heat energy, which in turn drives a more or less conven-
tional power plant. Cost estimates run from $900 to $1900 per kilowatt, depend-
ing upon how optimistic one is about the cost and efficiency of solar collectors.

PV Earth represents direct conversion of the sun’s energy to electricity by
photovoltaic cells arranged in huge arrays. The upper figure of $70,000 repre-
sents costs based on present prices of photovoltaic cells, Proponents say that if
cell efficiency can be improved considerably, and if manufacturing costs can be
reduced by a factor of more than 100 to 1, then costs might come down to $300
per kilowatt.

PV Space uses photovoltaic collectors in a huge array placed in a synchronous
orbit as a space station. This station then transmits power to an earth station
by microwave transmission. One advantage is that solar radiation is far more
intense outside the earth’s atmosphere, thereby boosting cell output. This is
already demonstrated by the synchronous satellite presently in use. The other
major advantage is that power output is held constant and is developed for
about 23 hours of the day vs. only about 10 hours per day for a similar station
on earth. Present cost estimates show a price of $200,000 per kilowatt. Pro-
ponents hope that costs might come down to $500 after many years of research
and manufacturing development.

The cost of power depends not only on the plant cost, but also on how much
of the time power can be produced, commonly called the load factor. The fixed

cost for power can be represented simply by the formula:

__.15 X capital cost/kw
Fixed cost/kwh= load factorX8760

The capital cost of 156% is a fairly common figure, including interest, taxes,

maintenance, and profits.
To the fixed cost for power we must add fuel costs. Solar, hydro, wind,

and tidal power plants require no fuel. All others require fuel. The fuel cost for
power can be represented by:

3413 Fuel cost
Fuel cost/kwh= Emaz;{gy‘ ~Btu
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The total power cost produced at the plant is then the sum of the fixed cost
and the fuel cost.

Fig. 2 is a chart of power costs from various types of plants, plotted against
percent load factor. The diagonal lines show the plant costs in dollars per kflo-
watt. The lower bars show the power cost from the fixed charges, nd the upper
bars show the total cost of power with fuel cost added to fixed cost.

The fixed cost for horsepower discussed earlier is plotted at 22.89; load factor,
and shown at three cents per kilowatt hour for a capital cost of $400 per kilo-
watt, Adding the fuel cost of 30.8 cents per kilowatt hour brings the total cost
to about 34 cents per kilowatt as shown by the upper bar.

An interesting side light is the cost of power to run our automobiles. This
is shown in the inset. The average automobile runs about 10,000 miles per year,
and automobile engineers tell us that the actual power usage is about 30 horse-
power. At these ratings the load factor is only 3.8% and the capital cost is about
$175 per kilowatt, showing a fixed cost of about eight cents per kilowatt hour,
Adding the fuel cost brings the power cost up to a total of about 10 cents per
kilowatt hour.

It is interesting to note that if we take recently published average automobile
running costs of 13 cents per mile the cost also comes out to about 10 cents
per kilowatt hour. This merely shows that the public is willing to pay this much
for power, if they have to. Note, however, that the cost of power on the automo-
bile or the horse are for power delivered to the user, not power at the plant, as
defined in the other cases.

Tidal power plants can operate at a load factor of only 259%. The only large
tidal power plant existing is that on the River Rance in France. It cost about
$350 per kilowatt. Projected cost for the Passamaquoddy plant proposed for
the U.S. were approximately $800 per kilowatt. This would bring power costs
to six cents per kilowatt with no fuel cost. '

Small wonder that more tidal plants have not been built!

The gas turbine is the cheapest form of fuel fired plant, at costs as low as $125
per kilowatt. However, efficlency is low and fuel prices are very high, so that the
current load factor is quite low. This results in a high cost of up to 22 mills per
kilowatt hour for gas turbine power. Gas turbine cycle efficiencies can be
almost doubled, but this is counteracted by rapidly increasing fuel prices.

PV on earth is shown at a load factor of 383%. This brings presently projected
costs to about $3.50 per kilowatt. Since a storage system must be added to these
costs to provide power at night the economics look poor indeed.

Solar thermal power will have a low load factor similar to that of PV. Maxi-
mum estimated costs of 10 cents per kilowatt hour do not include costs of re-
quired energy storage systems. Therefore, the cost will probably be higher than
10 cents shown on the chart.

The hydroelectric power plant cost of $400 per kilowatt was based on the
average of a world wide survey published in Fortune several years ago. Actual
costs ranged from about $200 to $800 per kilowatt. Load factors probably aver-
age about 509, because of large yearly variations in water supply.

The average load factor for nuclear plants has been 60%. Cost of nuclear

fuel is quite low, although disposal costs for residual fuel should be added.
Based on a fuel cost of about three mills per kilowatt hour added to the fixed
costs nuclear power total costs should vary from about 15 mills to about 32
mills,
Wind power is estimated to have a better load factor than that established
by nuclear plants. Since wind power has a random load factor, rather than a
fixed one like solar power, storage requirements will be much less, and can be
lessened largely by means of a wide distribution network. Therefore, the costs
varying from seven mills to 17 mills should not have to be increased greatly
for storage systems. .

Fossil fuel steam plants have a probable load factor of about 709, although
the U.S. average is lower than this, Based on a fuel cost of about three mills
per kilowatt hour and the capital costs from $178 to $400 per kilowatt the
power cost would vary from about 6.6 mills to 12 mills per kilowatt hour. As
fuel costs go up these costs will certainly be higher.

Geothermal plants have an excellent load factor already demonstrated to be
over 90%. A load factor of 859% is shown here. Fuel costs are presently a little
less than three mills per kilowatt hour. Adding this to the fixed cost charges
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shows a power cost of five to 12 mills per kilowatt hour. This is presently and
‘will almost surely continue to be one of our lowest cost sources of power avail-
able on a large scale. .

Sea Thermal Power should have an extremely high load factor, and has a
slight advantage over geothermal power in that maximum power output occurs
In the summer, when demand is greatest. Therefore we have assumed the load
factor to be 90%. Since there 18 no fuel cost the power cost varies from an esti-
mated three mills to nine mills,

Photovoltalc solar power in space has an advantage of providing power about
23 hours out of 24, so should have a load factor of about 95%. The extreme costs
of the equipment rule it out as a practical source of power except as a possibility
for the distant future,

The chart says very clearly that of all the possible new sources of power only
Wind power, Geothermal power, and Sea Thermal power appear to be clearly
economical in competition with present sources. If we accept this as a possibllity,
then we must ask ourselves what is the potential of each, where is it available,
and how soon can we develop it.

The potential for wind power has been estimated by different authorities.
Heronemus (“Pollution-Free Energy from Offshore Winds”, by W. E. Herone-
mus, presented to “Marine Technology Soclety”, September 1972) reports the
total Northern Hemisphere wind energy at 10" megawatts in winter and 609
of that in summer. The World Meteorological Organization estimates that 2 x 10
megawatts of wind power is available at favorable sites. This compares to a
total average U.S. usage of 1.76 x 10* megawatts in 1970. Obviously the potential
is big enough to be worthwhile.

In the case of geothermal power wildly different estimates of the potential are
made. Be that as it may, most authorities do agree that there is sufficient poten-
tial to be worthwhile, and estimates are rising quite rapidly.

The biggest problem in developing geothermal capacity is that of heat rejec-
tion, but new cooling systems now appear to be able to solve that problem, so
that a large potential for geothermal power can be realized.

Sea Thermal Power has more potential than we can probably ever use. The .
Gulf Stream alone has a potential power production capacity of more than 100
times the total U.S. usage.

The possible location of these various sources of power is really not as impor-
tant as some people seem to think. For example, if I generate Sea Thermal
Power in Florida and save a barrel of ofl there, then that barrel of oil is avail-
able for use in Minnesota. Or if I save a barrel of oil in California by using
Geothermal power, then that barrel is available for New York.

Fortunately Wind power, Geothermal power, and Sea Thermal power comple-
ment each other very well in their availability. Many favorable wind sites occur
in New England and the Midwest. Geothermal hot water occurs on the West
coast, Pacific Northwest, Rocky mountains, Gulf coast, Alaska, and Hawali. Sea
Thermal power is readily available close to Florida, Georgia, Puerto Rico, and
Hawaii. These three sources can conveniently and economically provide power
for practically the entire United States, and eliminate our dependence on foreign
oil.
Let us now look at development timing for each of these power sources,

Wind power has been in use for thousands of years. Further development is
only needed for large scale planning, bLetter operating efficiency, and manufac-
turing capability. Small wind power plants are already marketed. Within less
than five years we could have many wind power plants operating.

Geothermal power plants are already in operation at 300 MW total capacity.
These are natural steam plants. A hot water demonstration plant can be built
within one year after site selection and availability of funds. The turbines for
such a plant are already built, waiting to be used. Manufacturing capablity is
available for rapid construction of these plants, They can be built far more
rapidly than nuclear plants.

We could have a Sea Thermal plant within four years after authorization and
availability of funds. While there are numerous development problems, they are
all of a routine engineering nature, and solutions are virtually assured for all of
them. The fastest way to a solution of the problems is simply to build a plant.

It is now clear that we must change direction. Instead of putting nearly all our
funds into the development of nuclear energy, we should divert a relatively small
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amount of this money into Wind power, Geothermal power, and Sea Thermal
power, These funds will move us faster toward a solution of our energy problems
in less time and at less cost than by any other conceivable path. They will also

solve this problem with the complete approval of all those interested in pro-
tecting our environment for the good of mankind.

The time for action is now.
Further delays and inaction will cost us far more in money and human suffer-

ing than the little money that we need spend to complete these developments.
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ILLINOIS COLLEGE REPUBLICAN FEDERATION, INC.,
Decembder 10, 1978.

Mr, MICHAEL STERN,
Staff Director, Senatec Finance Committee, New Senatc Officc Building, Wash-
ington, D.C.

Ma. STERN : It is my wish that this letter be included in this year's hearing rec-
ord on November 27, 28, 29, of the new Subcommittee on Energy.

We hope that this subcommittee will try to create reasonable incentives for
energy conservation and production, and to see that our clean energy options
are not neglected, With the help of this subcommittee, now is the time, when
everyone is highly interested in energy supplies, to let the people know that the
government has knowledge of clean energy alternatives.

With your help, development of clean energy can be implemented at the na-
tional and local level. Heat the local school with electric power from wind-
driven generators. Run the school bus on clean solar-made methane gas (from
leaves, trash, algae, sewage). Heat the school’s water with solar water heaters.
Help run the local power plant with fuel made from trash. It ig clean ensygy,
directly or indirectly.

Some equipment could be improvised this winter. State governments could
finance or promote bigger installations in a few years. With government and in-
dustry backing, large-scale use of clean energy could begin in the 1970's, instead
of the year 2000!!

This is the government’s opportunity to destroy the myth that clean energy can
not help us in the 1970's, and to let the people know that you do consider it an
acceptable “solution” to the country’s future energy supply !!

Sincerely yours, o
JEFF BAKER, Chairman,
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[ SUMMARY

This paper ia in essence only a ""problem statement’’ or
initial conceptualization, in which a potentially important
large-scale technological enterprise is addressed: an
ocean based solar-to-hydrogen energy conversion facility,
It is proposed to use hydrogen as an energy carrier to be
delivered to the spectrum of energy-using sectors, instead
of electricity, because of hydrogen's advantages of trans-
portability and storability, These make hydrogen and
solar energy natural adjuncts.

It is further proposed that tha solar-to-hydrogen conversion
process be conducted on the open ocean, and not in the tra-
ditional desert location, The advantages, we suggest, far
outweigh the drawbacka, [n addition to well-established
marine engineering know-how, we forsee the need for a
new class of large ocean stable platforms upon which to
base the industrial complex. Jortunately, the basic tech-
nology for such is being pursued -- albeit at too modest

a pace --by the ocean community,

It is not yet apparent to us what specific solar energy
conversion mode, or combination of modes, should be
selected among the several direct and indirect techniques
available, Economics and available technology will con-
trol this choice as illuminated by further study.

In addition to the exportation of hydrogen-energy, in

the form of cryogenic liquid hydrogea and oxygen trans-
ported in tankers, we believe it highly likely that a number
of coproducts can also be profitably supplied by the ocean
complex were it appropriately outfitted. Among the possi-
bilities are: sea foods via open ocean mariculture, minerals
and chemicals such as salt and fertilizers, and certain fin-
ished materials (especially those which are energy-intensive)
such as magnesium and aluminum,

ACKRNOWLEDGMENT

We wish to acknowledge the long-atanding encouragement

and patience of Professor William E, Heronemus who was
instrumental in developing this paper. He and his staff at
the University of Massachusetts assisted us greatly in the
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ican Society of Mechanical Engineera in Detroit on 12 Novamber.
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by Professors Heronemus and J. G, McGowan, Earlier, both
authors previewed their respective contributions at the NSF
sponsored Solar Sea Power Plant Conference and Workshop

held at the Carnegie-Mellon University, Pittaburgh, 27-28 June,
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T PURPOSE, SCOPE AND BACKGROUND

in this paper we address a very large-scale
technological proposition in the long-range energy
planning area. Rather than a really substantive in-
vestigation of this proposition, the paper is rather
timited; it is more in line with being simply a
“Problem Statement”, Hopefully, others will be
stimulated by the offering to comment on it as such.
Possibly an engineering feasibility study can be
mounted in time to asseas better the potential pay.
offs suggested here,

As indicated by the paper's title, we will
view the possibility of mechanizing a process in
which solar energy is used to produce hydrogen
{and oxygen) as an energy form from ocean re-
sources, Further, we will stipulate that the pro-
cese be carried out wholly in an open-ocean based
technological complex.

The Venn diagram of Figure 1 depicts this

basic proposition:
?

SOLAR ENERGY

Buanch
HYDROGEN-ENERGY

OCEAN BASING

Figure

B} "macro system" is meant a large-scale
and complex technical enterprise which can be help-
fully viewed as a ''system of systems.'' Figure 2
represents this general concept pictoria’ly, Using
specified inputs, the constituent systems within the
macro syatem interact purposefully to produce the
desired outputs.

The paper's scope comprises the four points
listed in Table 1. Technical aspects of a general-
izned model for the subject macro system are dis-
cussed with economic factors being only briefly
touched upon because of limited information at this
stage of the investigation, Specific hardware ap-
proaches are suggested, principally for illustrative
purposes, and remain provisional pending further
system design and analysis. An example is the nom-
inal selection of depth-located electrolyzers and gas-
eous product storage.

Figure 2

WHAT IS MEANT BY "MACRO SYSTEM"

INPUT? &@i :—;UTPUTS
|Gy G D o

A PURPOSEFUL ASSEMBLAGE OF MATCHED,
INTERACTIVE COSTITUENT SYSTEMS

SCOPE OF INVESTIGATION

o POSTULATE TECHNICAL MODEL
o ILLUSTRATE SPECIFIC HARDWARE APPROACHES

¢ ILLUMINATE POTENTIAL OF
STABLE OCEAN PLATFORMS

o DELINEATE RELEVANT TECHNOLOGIES

Table 1

A central purpose of the paper is the il-
lumination of the applicability of on-going stable
ocean platform activities to ocean based enter-
prises of the type being proposed. Developments
of the off-shore oil drilling industry in very large
semisubmersible structures are noted in this con-
nection, as are certain oceanographic projects
which bear on the feasibility of future sea-based
energy/industry complexes.

Finally, a technological "awareness' has
been attempted. Where applicable technology for
supporting the concepts to be discussed exists,
this is noted, Where critical or "enabling" tech-
nology can be identified to be in especial need of
early research and development support, this is
pointed out (see ""Concluding Observations. ")

The specific macro system concept to be
addressed, Figure 3, is an ocean based solar/sea
energy conversion concept in which the energy
“product’ is in the chemical energy of hydrogen.
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BASIC CONCEPT: ENERGY & PRODUCTS

FROM THE SUN & THE SEA

-0~ SUN ™ ocean saseo
g SOUARSEA_ | PRODUCTS
SEA CONVERSION .
s el MACRO SYSTEM . Eu‘t‘l?v. N
o RAW MATERIALS
H * FINISHED GOODS
» FOOD
MINIAAL ENVIRONMENTAL
Figure 3 DEGRADATION

Inputs are two: {1} Solar energy (converted in sev-
eral possible modes) and (2) the Sea itself, mean-
ing total ocean rusources: water, dissolved solids,
and marine biota, The principal output is "'energy",
specifically "hydrogen-energy'; this is defined as
hydrogen alone, or the hydrogen-oxygen bireactant
pair with the two being processed and handled as

a special "energy form'.

Other outputs (below the dashed line in Fig-
ure 3) or "coproducts” may be forthcoming. Speci-
fic examples are: potash, magnesium metal and
shellfish. However, these coproducts are viewed
as secondary to the primary objective of producing
hydrogen-energy.

To the extent that operation of the macro
system contributes to local environmental degra-
dation, proven or suspected, these effects must be
absolutely minimized by intrinsic design measures,
Hence, ""'minimal environmental degradation” is a
fundamental criterion,

In summary, that which is envisioned is a
macro system capable of optimally converting sol-
ar and ocean resources into hydrogen-energy, a
storable, transportable, clean energy form. Sec-
ondarily, raw materials, finished goods, foodstuffs
and other coproducts may be produced as well in
association with energy production, All production
is to be accomplished in an open-ocean based facil-
ity; a minimum of environmental degradation --
hopefully, none --is stipulated as a basic precept.

Historically, land-based industrial enter-
prises accomplish the various functions suggested
here; one naturally questions such a radical depart-
ure as industrial sea-basing., Visions of costly
exercised in nautical architecture in a traditionally
hostile sea environment are immediately engendered
Indeed, the practicability and overall worthwhile-
ness of the ocean basing approach has to be funda-
mentally questioned.

Our thesis is that the open ocean may prove
to be an entirely logical, technically advantageous
and economically appealing location for carrying
out the input/output mix (Figure 3) at the large
scale level we are considering. Recall, our pur-
view 18 a long-range future-oriented one,

FUTURE NEED FOR LARGE SCALE SOLAR
ENERGY CONVERSION CAPABILITY

The sun, along with hoped-for achievement
of controlled thermonuclear fusion and/or success
in large-scale extraction of geothermal energy,
is the sole identified long-tu.+ n possibility for
mueeting the world's ever-expanding energy de-
mand. If we were to be able to stabilize this de-
mard at some fixed level in the future, we would
still require these non-fossil sources eventually,
for our present fossil-fuel era is innately self-
limited in duration.

Among the non-focsil energy sources, this
paper focuses on the sun as a unique, logical means
of providing cnergy for future generations of the
earth. We make no attempt to defend this thesis,
here, however. (See, for example, (1)*)

As suggested, the basic motivation to uti-
lize solar energy stems from the knowledge that
our present fossil- el era will peak out within
100 years in all probability, with a rapidly decreas-
ing availability of energy from this quarter there-
after. This view has been convincingly supported
by a number of authoritative investigations,

-

That of Elhott and Turner (2) projccts the
rate of production of world fossil fuels for a total
estimated range (conservative to optinustic) of
85 to 226 x 10!8 Btu, Figure 4, adapted from
this reference, reveals a characteristic projection
which the authors developed. For a total world re-
source base of 226 x 1018 Bru ("optimistic"), this
figure reflects the world production estimates for
(1) Fluid fossil fuels (natural gas, oil) alone, and
(2) Total fossil fuels bascd on the assumption that
coal gasification and liquefaction conversion pro-
cesses (at 70 percent thermal efficiency) will be
economically developed for widespread use. The
fact that the major portion of world fossil fuels
are contained in the less-desirable form of coal
is clear from the curves {(compare areas),

The striking point of Figure 4 which un-
derscores the necessity for rapid development
of an unprecedented non-fossil energy supply is
this: world production of fossil fuel energy may
peak out as early as the 2010 - 2030 time period
(the specifics depend on our success in coal fluid-
ization). Unless there is a reliable non-fossil

"Numbers in parentheses refer to references listed at the end of the paper

3
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source of energy available at that time to "'pick up
the load", drastic, even precipitous ramifications
to all of the world's industrial nations are predict-
able. The consistent, perhaps innate, correlation
between national energy consumption per capita
and gross national product supports this point,
Further, the fortunes of developing nations of

this time-period will be critically jeopardized
since this is traditionally an energy-dependent
transition.

Our only alternative non-fossil eneryy
source presently in service is, of course, nuclear
fission electrical generation systems. But these
are "burner" reactors, able to utilize the limited
U-235 isotope. These will have to be supplanted
by breeder reactors in order to be able to utilize
uranium resources effectively; without the breeder,
our nuclear energy sources are quite limited. Our
U-235 rew\lgcea in the U.S. have been assessed
at 283 x 10°° Btu @ $ 8/1b of U30g, and 770 x 1015
Btu@ $ 15/1b(3). No plutonium recycle was as-
sumed for these estimates {rom Brookhaven Nat-
ional Laboratory.

For reasons of energy resource limitation,
the liquid metal fast breeder reactor (LMFBR) is
necessarily projected to surpass non-breeder sys-
tems in electricity generation capacity just after
the turn of the century (3). Assuming that all of
the far more plentiful U-238 can be converted in-
to thermal energy in breeders, the total domestic
fission energy resource is verlr considerably en-
larged to an estimated 39 x 10!8(3). This is far
from an ''unlimited’’ quantity when the trends of
world energy consumption are addressed.

But the breeder reactor is currently only
developmental instatus; there are a number of
basic uncertainties still facing reactor designers.
The breeder could turn out to be considerably
more limited {n ite energy contribution to nation-
al and world energy budgets than the preceding
figures would suggest,

Therefore it is deemed only prudent to
seck alternative non-fousil energy sources by
means of actively supported research and devel-
opment programs. Particularly so since the
number of these alternatives is actually quite
limited: solar, geothermal and thermonuclear
fusion, The only one of these options in signif-
icant use today is the indirect use of solar energy
in the form of hydroolectric generation,

As for the breeder reactor, and true too
for today's burner reactor systems, these
nuclear (fisaion) options have characteristic
technological uncertainties and developmental
lead times. These lead times, which must be
gotten through before useful energy can be pro-
duced for consumption, are probably of the order
of several decades. There is no real assurance
of technical and economic success for any of them
(and one can include the LMFBR in this consider-
ation). Moreover, unlike solar and geothermal
conversion, limited examples of which exist or
have been developed in the past, controlled ther-
monuclear fusion basic feasibility has yet to be
demonstrated,

In contrast to the case of geothermal en-
ergy extraction as we understand it, solar energy
is available for conversion in very large and con-
tinuing supply when compared to anticipated future
national and world needs.

The rate of energy radiated from the sun
is the staggering value of 3.8 x 10°° watts, which
corresponds to a continuous loss iconvenion to
energy) of solar mass of 4.2 x 10 2 g/sec, or
4,67 million tons per second! Of this radiant
energy the Earth-atmosphere system receives
5.445 x 1024 joules/year, or about 5 x 102!
Btu/year (4),

Noting again the world energy trends of
Figure 4, were only 0,1 percent of this incident
energy converted to usable energy forma, solar
energy could readily support world energy demands
of the magnitude forseen in the mid-218t Century,

Furthermore, the basic technical feasibil-
ity of solar energy conversion is not questionable:
it is already amply demonstrated in at least small-
scale, This point was recently made before the
Subcommittee on Energy of the Committee on
Science and Astronautics, U,S. House of Repre-
sentatives (5):

"Solar energy is not facing the kind of tech-
nological risk that faced Fermi and his co-
workers in Chicago prior to first achiev-
ing nuclear criticality; they did not know
whether their device could be controlled.
Neither is solar energy facing the kind of
challenges confronting scientists in the
field of nuclear fusion, (continued)
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“'Sixty years sgo, a 50.horsepower engine
was successfully powered by solar steam
along the banks of the Nile River, Thus
operation of a solar steam generator does
not require any scientific breakthroughs
nor solutions ta complex scientific and
engineering problems, The engineering
problems that do exist arise out of con.
cern for economic feasibility and not out
of concern for technological feasibility, "

Thus solar energy conversion uniquely
combines several very desirable characteristics
in view of the pressing need to establish a non-
forsil energy base:

(1) The basic energy resource is available
in abundant quantity,

{2) The technical feasibility of conversion
for useful purposes is proven, and

(3) The conversion process is intrinsically
clean, providing for a very minimum of
environmental degradation.

If this is 80, why are we not on a ''solar
energy standard" today” The answer lies in
the economics of the energy industry, and to
a related degree, the present lack of technology
and syatem concepts which can be demonstrated
to be competitive. Solar energy development has

clearly been economically suppressed by the a-
vailability of cheap and convenient fossi! fuels
and fow cost energy converters using these fuels,
For example. solar roof-top water heaters, very
popular in Florida in the 30's (a8 many as 7 daal-
ers who handle the sales and service for these
units can still be found in the Miami Yellow Pages),
have been outdated by the subsequent availability
of low caset electricity, oil and gaseous fuels,

This trend will be drastically changing in the
future, and on a global basis (e, g. Reference 2;
Figure 4). At some point in the 2lst Century the
"low cost fossil fuel competition will have liter-
ally disappeared, This implies the switchover to
a non-fossil fuel era for carrying the world energy
"load"” from this point on or, alternatively, an
era of catastrophic change in the very mikeup of
world civilization,

One way of viewing this energy-base trans.’
ition which lends a note of welcomed stability
and continuity, perhaps, is this: Assuming, as
is the tenet of this paper, that solar energy is
the ultimate non-fossil energy source we will be
converting to, naturally-processed solar energy
(the world's fossil fuels) must now be augmented
by and eventually supplanted by technologically-
processed solar energy.

The present paper, in this view, suggests
one such technological processing scheme for
consideration,

MATCHING SOLAR ENERGY PRODUCTION
AND DEMAND VIA HYDROGEN-ENERGY

For truly large-scale ""central” solar energy
conversion systems (the only type to be considered
in this paper), there are two fundamental problems:
First, the location for such solar conversion facil-
ities will be largely dictated by their characteristic
large area requirements, and the need for a maxi-
mum of solar radiant energy input (clear skies, low
latitudes). In all likelihood this will result in their
being located at considerable distance from our tra-
ditional larger energy utilization or need points: met-

ropolitan areas, high-volume transportation systems,

large industries. Second,the timing of solar energy
availability for conversion does not usually accord
with the time-of-need for that energy by the user.
In other words, there is a fundamental problem of
energy input/utilization mislocation, in the spatial
sense, and mismatch, in the temporal sense.
Acknowledging this problem, Figure 5 calls
out the need for an efficient, economic (and practi-
cal) means of moving energy -- through time and
space, quite literally -- from the solar energy con-
version facility to the users in all sectors of utiliza-
tion: industrial, commercial and residential, electri-
cal generation and transportation,

SOLAR ENERGY

NEEDED: '
AN ECONOMIC/EFFICIENT MEANS OF MOVING ENERGY
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THE FUNDAMENTAL CHALLENGE :
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WOERTTe—y

2- MISMATCH OF SOLAR ENERGY AVAILABILITY
AND PERIODS OF DEMAND (TIME)
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Clearly, what is required is a flexible,
practical "energy medium” which is readily and
efficiently produced st the solar conversion facil.
ities, and which can be aubsequently delivered
to distant energy customers. There it can be con-
verted into heat, electricity and shaftpower as
appropriate, These conversions should be at high
efficiency (to minimise the amount of "energy form"
required to be produced, stored and tranemitted 1.
Also, at the utilisation end as well as at'the cen-
tral production facility, a benign environnental
interaction should be sought.

To date the energy medium to be produced
by central solar energy conversion facilities in
various studies has been single-mindedly, electri-
city. Electrical power produced by thermal or
photovoltaic converters is fed into utility system
grids in such concepts to augment supplies, High-
voltage dc transmission, or more advanced cryo-
genic systems, either cryoresistive or supercond-
ucting, have been suggested for long distance trans-
mission,

This means of handling the ''mislocation”
problem noted above (Figure 5) may be feasible
and, thus, a candidate approach. But it will be an
expansive one as compared to traditional pipeline
energy transmission of oil and natural gas,

Even if advanced electrical transmission
technology can solve the ""transportability” challenge
for a needed energy form, electricity as such is no-
toriously unamenable to storage. In witness to this,
for those conventional means of electrical energy
storage (batteries, hydro-storage), electricity is
converted to an alternative energy form for storage,
e.g. chemical, gravitational. Such a conversion is
always accompanied by significant energy loss in the
process, which is necessarily a two-way one. Thus
the ""mismatch' problem (Figure 5) remains a sig-

nificant issue with the all-electric approach for solar

conversion,

From time to time the solar production of
hydrogen as a chemical fuel has been suggested as
an alternative energy-form to electricity. Hydrogen
production possibilities were pointed out in the Solar
Energy Panel's recent assessment (1) as well as in
a scattering of earlier references associated with

the pioneering solar energy technical community (see

the official journal of the International Solar Energy
Society).

WHY HYDROGEN-ENERGY ?
(HYDROGEN FUEL & HYOROGEN-OXYGEN BIREACTANT)

o PLENTIFULLY AVAILABLE

o HIGHEST ENERGY CONVERSION EFFICIENCY
© NON-POLLUTING

¢ NATURALLY RECYCLABLE

ENERGY .. TRANSPORTABILITY

» STORABILITY 6

Table 2

Hydrogen as a candidate energy form for
solar energy conversion offers a number of com-
peiling advantages as listed in Table 2, For the
purposes of this paper the term “hydrogen-energy’
means either, and both, hydrogen alone, as» & chem-
ical fuel, and the combination of hydrogen and oxy -
gon as a unique bireactant energy-pair,

Though it does not occur usefully in its
free state naturally, the potential availability of
hydrogen-eneryy is as abundant as water. In the
process of being "consumed” hydrogen-energy
returns to water with no net Joss of mass.

In almost all energy conversion systems
which have been evaluated for amenability to using
hydrogen-energy, a maximum of energy conversion
efficiency can be reached. Some converters, for
example fuel cells. are uniquely oriented toward
hydrogen-energy and not only reach maximnm
encrgy conversion elficiencies with this energy
form but are also greatly simplified and hence
most reliable and lowest in cost when designed
in accordance with this as their specified input,

Environmentally, hydrogen-energy con-
version systems are unexcelled because they
produce only watér exhaust, An exception to
this is the oxides of nitrogen problem for high-
temperature airbreathing conversion devices
such as gas turbines, reciprocating/rotary
engines, and open-flame based heating systems.
This single problem can be countered effectively
by a number of tactics and the pollutant can be
reduced to acceptable levels, Low temperature
converters, e.g. fuel cells, catalytic burners,
and those devices using oxygen in lieu of air,
will produce no nitrogen oxides of significance.

Water exhaust, once freed to the atmos-
phere from hydrogen-energy conversion systems
is naturally recycled by meterological processes
and is eventually returned to major bodies of
water, notably the oceans in relatively short
cycle periods.

Hydrogen-energy, being a chemical fuel
(or bireactant pair) used in large-scale industrial
quantities already, lends itself quite well to con-
ventional methods and techniques of storage and
transmission. Pipelines exist for hydrogen and
oxygen, as do gaseous and cryogenic storage con-
tainers. For example liquid hydrogen storage
tanks approaching ! million gallons were con-
structed for the U,S, Space Program,

Thus, hydrogen-energy may well be the
most advantageous means of moving energy from
the basic transportability and storability stand-
points, as basic as these are to the ultimate
feasibility and acceptability of large-scale solar
energy conversion systems (Figure 5), The
electrical utility industry and others in the ener-
gy research and development business have giv-
en serious attention to the use of hydrogen-ener-
gy for electrical ei2rgy storage. This serves to
demonstrate the relative attractiveness of hydro-
gen for storage. Based on analogy to the case
of natural gas, hydrogen transmission by con-
ventional pipeline systems will be considerably
more economic than any electrical means known,
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Quite apart from solar energy considerations
hydrogen-energy is being given increasing attention
in the U, 8, and in other corners of the world, Eur-
ope is active via Euratom in research and develop-
ment activity in support of hydrogen, with specific
concentration on the use of nuclear reactors for hy-
drogen production by thermochemical water-split-
ting processes (6).

The natural gas industry in the United States,
in increasingly shoft supply with its basic methane
commodity which clearly must be augmented by
supplemental sources (coal gasification, imported
LNG, etc.), has begun long-range studies of a pos-
sible "Hydrogen-energy Economy'' as & means of
evolving the gas industry over to a non-fossil basis.
However, once again the stress of these studies has
been on nuclear energy as the primary source by
which hydrogen is produced, either by electrolysis
or thermochemically along lines being pursued in
Europe (6).

In this pursuit, the American Gas Associat-
ion is sponsoring a continuing assessment of gener-
al and specific aspects of hydrogen-energy at the
Institute of Gas Technology in Chicago and elsewhere.
IGT has published the findings of its first-year study
of the basic feasibility of the hydrogen-energy con-
cept (7), which is a definitive work in this emerging
field.

Figure 6 reflects the IGT/A,G. A, concept
in its"overall approach, Conventional gas-industry
means of gaseous fuel transmission in high-pressure
pipelines with compressor stations periodically a-
long the lines appears to be technically feasible,
though slightly more expensive than with natural gas.

Relative to natural gas (basically methane),
hydrogen has & much lower volumetric heating
value, about 325 Btu/ecf ve. over 1000 Btu/scf
for natural gas, For this reason, hydrogen is
viewed as & "low heating value fuel' implying
considerably more transmission system pipe-
line sizes, compressor capacities and pumping
energy than presently, The same is true for
underground storage requirements.

Still the A, G.A, sponsored IGT study
assessment concluded the following(8):

"Although problems exist, no insurmountable
obstacles have been identified. An economic
analysis shows that the overall concept can
be feasible.”

Thus, from the point of view of the pres-
ent paper it would appear that hydrogen-energy
produced from solar energy conversion facilities,
were it to be made available in the future, will
be accepted as a practical energy commodity.

Taking one utilization sector as an ex-
ample, Transportation - which uses about 25
percent of the U.S.'s energy budget -- it is in-
structive to examine its amenability to being con-
verted from its present fossil fuel base (over 98
percent dependency) to hydrogen-energy.

Figure 7 adapted {rom the Transportation
Energy Panel's summary report (9) projects the
rapidly mounting energy demand by this sector
broken down by transportation modes: ground,
water and air.

It aleo appears teasible to store hydrogen underground {J, §. TRANSPORTATION ENERGY USE

{as most of our natural gas is stored presently) in
natural rock structures. The industry, already heav-
ily involved with cryogenic liquids by way of its lique-
fied natural gas (LNG) activity, forsees handling hy-
drogen in its cryogenic form also where necessary

as a practical proposition, one proven out by the

aerospace industry.
Note again, however, as schematized in

Figure 6, the gas industry studies have focused
on nuclear energy sources only to date. The same
is true of the European effort cited (6).

GAS INDUSTRY'S HYDROGEN-ENERGY CONCEPT
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It is beyond the scope of this paper to

aseess in any detail prospects for hydrogen-

converting specific transportation systems. This

has been accomplished in a supporting report of

the Synthetic Fuels Panel (10) in summary man-

ner already.
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However, a specific example of a transport-
ation mode which appears to be technically capable
of converting from its present petroleum fuel base
to hydrogen can be given here. This is selected to
be air transportation, from Figure 7, the most
rapidly expanding segment of all,

As evidenced in a number of feasibility and
conceptual design studies by the ajrcraft industry
and by the National Aeronautics and Space Adminis-
tration, hydrogen-fueled aircraft are not only tech.
nically feasible, they may well prove to be superior
designs to equivalent hydrocarbon-based airplanes,
This stems {rom liquid hydrogen (the only practical
form for aviation) as a high gravimetric heating val-
ue fuel (2.8 times the Btu/lb rating of today's jet
fuele ). In this vital-to-aircraft parameter, hydrogen
is simply unexcelled by any fuel, As a direct result
hydrogen-fueled aircraft can be designed to fly farther
and carry greater payloads, or to have significantly
reduced gross takeoff weights.

To achieve these payoffs the uniqus technical
problems of hvdrogen containment in an aircraft wail
have to be handled: (1) Hydrogen's bulkiness, 3 to ¢
times that of jet {uel, and (2) Hydrogen's “deep cryo-
genic'' nature, a volatile liquid at 21 K (36 R, or
-4231 F). Engineering approaches for surmounting
these technical challenges are apparent but will have
to be further selected and reduced to practice by ap-
propriate research and development activities,

In view of the Nation's rather critical petrol-
eum situation, an encouraging view of the hydrogen
fueling of commercial aivrcraft is that, by this means,
relatively abundant domestic coal resources and even.
tually nuclear energy can be used to support the con-
tinued expansion of aviation yndependent from petrol-
eum supplies from overseas. For hydrogen can be
produced {rom either of these sources from water.
These prospects for the hydrogen conversion of
commercial aviation (11) further support the vahdity
of the the paper's basic thesis: ultimate solar-product-

ion of hydrogen,

RATIONALE FOR OCEAN BASING

Along with its selection of hydrogen-energy,
in lieu of electricity or other fuels, a second depart-
ure from traditional concepts for central solar con-
version facilities explored to date, the paper suggests
open ocean basing of the energy complex.

It is acknowledged that past investigators have
suggested the use of sea basing in connection with cer.
tain specific solar energy conversion approaches, or
conversion modes: (1)Ocean thermal gradient (OTG)
systems, and Wind-power conversion, both indirect
means of utilizing solar energy in technological con-
verters. lLeading proponents for these two system
approaches in the United States are the Andersons{l2,
13) and Heronemus (14), respectively.

Ocean thermal difference {or OTG) conversion
systems operate power cycles between the warm sur-
face waters, which are heated by solar radiation, and
the colder water of the depths, They are, therefore
uniquely tied to ocean basing to the extent of requiring
basic input/output from the ocean as source and sink,
Although shore-based facilities can be used, these are
apparently not compatitive from an entire sea-based
energy conversion complex judging from recent work
in this field. The cost and parssitic pumping power
costs of the long pipelines associated with the shore-
based plant {s a distinct disadvantage.

The National Science Foundation is presently
supporting two separate investigations of the OTG ap-
proach, one at the University of Massachusetts under
Professor Heronemus, with supporting participation
by the Andersons who are consulting engineers (15),
and the second at the Carnegie-Mellon University un-
der Professor Zener (16). Zener has recently de-
scribed the OTG system as a production means for
hydrogen as well as electrical energy (17). The Univ-
ersity of Massachusetts study is also giving some heed
to the hydrogen alternative.(It is worth noting that the

8

earlier wind-power proposals by Heronemus,
leader of the Massachusetts effort under the

NSF grant, considered hydrogen as a potentially
useful intermediary in the production of electri-
city for the New England area. He especially
cited ite advantages of storability in matching
wind-availability with periods of electrical de-
mand. )

With the OTG and wind-power energy
conversion approaches being definite modes for
solar ensrgy utilization, these examples demon-
strate that the ocean basing concept - - including
the emphasis on hydrogen-energy production --
is not entirely a novel approach. Moreover, one
of the present authors (Escher) proposed ocean
siting for large scale solar thermal conversion
systems several years ago(18), This paper under-
scored the important contribution of the technol.
ogy of stable ocean platforms as being investiga-
ted by the Oceanic Institute and the University of
Hawaii, The second author (Hanson) is project
manager for elements of this work in Hawaii be-
ing carried out under the Offlice of Sea Grant (ad-
ditional reference to this work will be provided
subsequently).

Ocean basing of such a large enterprise
as a central solar energy conversion facility does,
on first inspection at least, carry with 1t several
serious liabilities associated with the nautical
element. These points will be broaght out in the
following discussion (see later Table 4).

It is our belief, however, that convention-
al marine engineering capabilities coupled with
the developing technology of large stable ocean
platforms (e. g. the Hawaii prograsm) will be cap-
able of effectively mitigating such challenges ac-
companying sea-based enterprises.
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What then are the comnpelling inducements
for ocean basing a solar energy onversion com-
plex®> A number of salient advantages will bie dis -
cussed below, these are histed un Tabie 3,

WHY OCEAN BASED
SOLAR ENERGY CONVERSION?

® VIRTUALLY UNLIMITED AREA

¢ ENORMOUS THERMAL SINK

o IMMEDIATE SOURCE OF FEEDSTOCK WATER
¢ EXCELLENT LOGISTICS

o LOW.FRICTION BEARING SURFACE

® AVAILABILITY OF OCEAN
THERMAL GRADIENT MODE
Table §

First off, the intrinstc requirement for very
large collection areas for large-scale, central con-
version faciiities 18 an all-too-famihiar given as
a basic propasition of solar energy utihzation. Sun-
light energy flux on the earth 1s a relatively diffuse
input, vis-3-vis chemical and nuclear reactors, as
stated by the basic Solar Constant of 1,353 kW n.2,

The resulting impact on solar energy (onver-
sion land needs were graphically presented in the Sul-
ar Energy Panel report (1), reproduced here as Frg-

Attention 18 drawn to the lower energy scale

ure 8.
For

in this figure."Total U,S, Energy Consumption.
in producing hydrogen-energy tn contrast to electric-
ity alone, which serves only abrut 10 percent of our
national energy end-ise presently, solar energy can
ultimately be broadly applied across all energy using
sectors as suggested 1n earher Figure 5.

Note that this scale extends to the year 2120,
about the time the initial availability of a non-fussil
alternative energy system will become absolutely
mandatory according to authoritative and recent est-
imates such as those of Elhiott and Turner (2) discus-
sed earlier.

The clear implication in viewing Figure 81s
that very large land areas must be dedicated to solar
conversion system usage as time passes if the sun
is to be a major non-fossil source of our energy. But
much of the U,S. (in the example given here) and any
nation generally speaking, is not suitable for solar
collector installations and operation (or reasons of
terrain, climate and other-use comnutment. Of the
remaining fraction of the land arca which otherwise
qualifies technically and availability-wise - typical-
ly the U.S.'s Southwest desert area is proposed - -
it 18 not at all clear that this form of land-use will
meet with the approval of local citizens, and national
and regional naturalist and conservation groups. This
issue has yet to be explored on a serious-minded ba-

sis.

SOLAR ENERGY CONVERSION
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In view of this questionable availatahty
of land area in requisite amounts for solar ener-
gy collection in the long run, the vast area potent-
1ally available from the sea provides a tremendous
inducement to examine the ultimate feasmibility of
acean based solar collectors. A cursory glance
at a Wourld glube will demonstrate this potential
vividly.

Secondly, a conclusive advantage of ocean
basing 1s the ready availability of an almost un-
limited source of low-temperature water for cool-
Ang purposes. Aflter all, basic solar energy con.
version processes are like any others: by nature
these are heat-rejecting operations, This heat
must be dissipated to as low a temperature sink
as feasible 1n order to maximize the efficiency
of the conversion step(s) in order to minimize
solar collector size, capital investment, amount
of heat to be rejected, etc.

The lack of an adequate thermal sink s
proving to be a definite limitation in the case of
many of the desert-located solar conversion
schemes proposed to date. Often, as a means
of cooling, a desalination plant function is in-
troduced into the basic solar conversion com-
plex. Inthe case of the U,S. Southwest the Col-
orado river, Salton Sea, or the Gulf of California
are named as sources of water 1n need of purifying.

b bie g
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Functionally, this water is needed for cooling pur-
posses.
In an ocean based system, thermal reject-
10n to cold depth water. i1dsal from the thermody-
namic cycle sfficiency standpoint, can conceivably
be very beneficial otherwiss. Mariculture, or mar-
ine farming ts & definite prospective benefactor for
which the process of thermal upwelling of nutrient
ladened depth waters may be applicable a5 will be
covered later in the paper,

Thirdly, given that the solar facility 1o to
produce hydrogen-energy as its principal output,
ocean basing provides for an immediate source of
feedstoch water, Purification steps will undoubted-
ly be required to preprocess the spawater prior to
delivery to electrolytic cells or equivalent thermo-
chemicalreactors. It will be observed that the re-

sulting seawater concentrates may have considera-
ble value 1t various coproduction schemes which
may be considered.

MAXIMIZING INCIDENT
SOLAR RADIATION

o

Gt Ond e+ ol saie $0 ot 86 g vt
Py s g S e ]

CLOUD COVER MINIMUM TRENDS IN MID  PACIFIC REGION

- U S U S
Py .
N ,J’V\»\ ,

e

“

|
t
[
i

"

-
SEASONAL DISPLACEMENT OF MONTHLY (NUMBERS)
MAXIMA OF SOLAR RADIATION FOR SOUTH AMERICA

Figere 9

A fourth point, all of the world's large-
tonnage transportation means are tased on water-
borne vehicies of one kind or another: vis., tankers,
freighters, barges. These are also the most energy-
efficrent of transport modes (Btu/ton -mile, J/kg-kmj{i9).
Initial construction of the macro system at sea as
well a8 its (n-service logistical requirements can
be thus met with gdequate, eff] 18ti¢ mean
namely ocean-borne transporte.

For instance. global delivery of the hydrogen-
energy product as cryogenic hydrogen and oxygen by
large Cryotankers' , whose forerunners are the LNG
cryogenic ahipping of todsy, are envisioned {20), in 1t
construction phase, an ocean based solar energy
facility can be supported by woridwide ship-building
facihities and logical extensions of these. Such will
be far more economic and expeditious than the creation
aof new land-based facilities n desert regions to serve
this need. :

A fifth point: in a practical “big-picture” sense
the ocearn ts & very extensive low-friction bearing sur-
face for the translating and rotation of very large aress
and masses, Supertankers provide a case-in-puoint 1l
lustration. The ocean based solar energy facility may
profit from this {act in a number of ways.

One possibabity, suggested 1n Figure 9's two
sketches, 1n the capatnlity of translating the entire
solar collector systems - - at very low speeds of
course -- through a scheduled program for the pur-
pose of maximizing incident solar radiation, hence
productivity., The top sketch of Figure 9 shows
characteristic sunlight maximum® 1sopleths for
a number nf months for the Central Pacific region
as estimated from marine chimatological data. Note
the single 1sopieth for June) shifted to the right (East)
of the hatched locus of maxima otherwise. Perhaps,
as a conjecture, allowing the energy complex to move
with the solar energy trends would offer an important
degree-of. freedom in system optimieation.

The fact there are distinctive geographical
trends for seasonal displacement of solar radiation
maxima 1s clearly indicated tn the lower sketch of
the figure. This shows the situation for the South
American continent,

As a significant aside, by comparison to land
coverage there appears to be a critical lack of ocean
area solar radiation data to the extent this has been
looked into by the authors. Solar data along with con-
ventional meteoraological recordings and sea-state/
oceanographic information will be quite basic to the
design and location of an ocean based energy complex
of the kind being described in this paper.

More local utilization of the 'ocean bearing
surface” for rotation of large solar collecturs for
sun-tracking will be illustrated in the later section:
“Conceptualising the Macro System.

Sixth, and lastly, a umque and intrinsic ad-
vantage of ocean basing 18 the availability to the ocean
thermal .rndlent (OTG) energy conversion process,
often referred to as "Sea Solar Power.' (We are at-
tempting to broaden what is meant by this title 1n a
sense through this paper.) Applicable references
for the OTG approach have been given {12, 13, 15,

16 & 17). This approach is basically appealing in
its low cost and minimal technology requirements.
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However, given ocean basing a# a general
spprosch for siting soisr energy cooversion facil-
ities, what 14 not yet <lear st this time fand to be
the object of any system analysis to be roounted!
12 how dominant a conversion mode shouid OTG
in fact be. Is there an opuimal '‘mix and match
of this mude with others. say wind or direct ther
mal? Perhaps. for at least certain locates and
cother circumstances which govern the makeup of
the facility, the OTG mode shouid dominate or be
used exclusively.

For the purposes of this problem statement
oriented paper, we are considering the issue open,
and accordingly List the OTG mode &8 one of the
<andidates along with the others.

in any case, the study work being pursued
presently by the University of Massachusetts and

CHALLENGES OF
THE OCEAN ENVIRONMENT

o DYNAMIC, VARIABLE REQUIRING FLOTATION
o STATION KEEPING REQUIREMENT

o SALT WATER, AIR CORROSIVITY

o MARINE ORGANISM FOULING

o LOSSES TO THE DEPTHS

o QUESTIONS OF "OWNERSHIP" /USE

Table ¢

Catnegie- Melion will be most helpful in later sys.
tem optimization in whach the role of OTG will be-
come apparent presumably.

Consideration of the Rationaie for Ocean
Basing'' would be incomplete without noting the

other side of the coan’, 1. . the disadvantages.

Many of these are obvious of course, ssues that
have been faced up to by the nautical community
over the years. COther marine aspects may puse
special problems or constraints in the case of
a solar conversian fa.ility whith are not 20 ev.
ident {some of these probably will not surtace
until 1n-depth engineering studies are underwayi.

Nevertheless, Tal:le 4 (s an attempt to
hist some of the signiicant 1ssues as  challenges
A briefl comment on exch 1 offered here:

The ocean offers a dynamuc, ever-varying
interface for a Iree-floating tacihity requir-
ing means of flotation, depth control and
orientation means.

Because of currents, winds and other dis-
turbances, genetrally a means of statinon:
keeping will be necessary 6.ch as tethering,
ocean- floor attachment, or active propulsion.
Salt water and air corrosion is alwaves a maj-
or problem to be countered,

Marine organiam fouhing ie g barnaties; may
offer severe problems, particulariy in heat.
exchanger elements.

A} Inadvertant overboarding or accidental
dislodgment of equipment may result in

an irrevacable loes to the depths.

Question of ocean resources utilization

and “awnership” will undoubtediy arise

1in such a large-scale facility. resclution

of these indigtinct 1ssues renains upen,

(
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MACRO SYSTEM MAKEUP AND OPERATION

Referring to earlier Figure 3 which depicts
the subject macro systern as & single “black box
with inputs being the sun and the sea, and ocutputs
being energy [viz,, hydrogen-energy) and certain -
coproduru.'the individual system makeup of the
macro system will now be gone into, ""Macro
system' as a concept has been discussed earlier
by way of background, see Figure 3.

The basic systems constituting the subject
macro system are represented 1n Figure 10, as
18 the systermn interfacing. As noted by the bold
arrows 1n this diagram which track the primary
energy-oriented processes, the production of the
cryogenic energy commodity is straight-forward,
Purified sea water, perhaps augmented by collected
rainwater, 1s electrolyzed into hydrogen and oxygen
gas. These gases are stored an appropriate for
subsequent liguefaction into the final form and stored
for shipment in cryotankers.
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CHARACTERISTICS OF LIQUID FUELS

Gravimetric  Volumetric
Heating Vaiue Heating Value

Denpity 1000 Btu-1b 1000 Btu:yal
fuel {or ref | Specific Gravity b e} it gal tbower; {HMigher} (Lower)
Water, H,0 1.00 2.4 8.3%5
Gasoline 2.72 4.9 5.87 i91 20.3 1
LNG 0.42 26.2 1.50 2.5 23,9 75.2
LHZ [N 4.42 0.59 5.5 6l.0 36.4
LOZ 1.14 1.2 §.52
H,0" (0, ‘H,. .42 2.2 3.51 5,73 6.79 2u.4

cryogenic,

stoichiometrics Scurce-

Tadle §

Table & liats pertinent physical and thermo-
chemtcal characteristive of crvogemc hydrogen and
oxygen, aiong with those of I.LNG. gasoline and water
for reference purposes. Also. the special view uf
hydrogen and oxygen as a bulk bireactant at the
unique stotchiometric ratin derived from water-
spiitting as a method of production ie. g. water el
ectrolysis, as employed here. 1s expressed here as
“HaO" . This has beer referred to as  the higher
energy form of water,

A detsried description of the techmcal char-
acteristice or a discussion of the state of develop-
ment of the indivaidual systems calied out 1n Figure
10 ts beyond the scope of this paper. Apphicable
referances are available. for example: soiar water
purifiers, general solar energy literature, e. g, (214,
electrolyzers (22,23}, cryogenic lLiquefiers (24,25},
open-ocean port systems i2t). An earlier study of
stzing and integrating all of the above at the 5000
ton ‘day of cryogenic hydrogen and oxygen product-
1on level tequivaient to approximately 1000 MW as

chemical energy continuous production) was present. o omomm o ane

ed in (18),
Of paramount interest.in view of its being the

sole available process for producing hydrogen-energy
{from water, is electroiysia. large-scale electrols/-
zer plants have been operated for many years (23110
locations all over the world, which provides an esta-
blished base of departure for projecting future macro
systems such a8 that being considered here (Figure
10). The potential for advancements \n electrolyzer
technology to improve efficiency, already fairly high
(65 - 70 percent on 8 higher heating value of hydrogen
output and the net electrical energy input basis), and

to achieve a reasonabie production cost ts quite prom.

191ng today. Hydrogen-oxygen fuel cell technology,
attributable to the Space Program with respect to
recent advancements, has much to offer in this area.
Figure 11, extracted from the Synthetic Fuels
Pane! summary report (27) reflects the estimated
build-up and total cost of electrolytic hydrogen, both
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in cents/1lb and dollars rmuliton Btu. This project-
won s predicated on some advancements in industr-
1al electrolyzer technology as mentivned.

Clearly, electrolytic hydrogen-energy pro-
duction costs are electrical power cost-sensitive
when conventional power-purchase approaches are
considered. As a matter of record, if total energy
costs from a projected nuclear -electric generating
tacility of the type being constructed at this tume
are realistically assessed, electric power costs
well \n excesy of 10 mills 'kWh result. From Fig-
ure 1, resulting total cost of hydrogen-energy will
be extremely high. and certainly not competitive
with today's non-electrolytic means of producing
hydrogen (fossil fuel sources). This high cost 1s a
major inducement 1o seek new energy sources,



A¢ shown by the dashed lines in the ligure,

s very significant reduction 16 slactrolytic hydrogen
produc’ ion costs may be achievable by the sale of
byproduct oxyger and or deutsrium {as heavy water,
very liksly). The latter 1¢ fairiy readily producinle
from the fundamentai electrolytic processes involved.
Such “coproduction , to be considarably broadsned
a8 & basic etrategy later 1n the paper, may be & most
significant approach for limiting hydrogen-energy
prices in the market-place as produced in an ocean-
tased soiar energy converesion macro aystem.

Returning to Figure 11, the determination
of an "internal’ macro system coet of electrical pow-
er ielectricity 1o not purchased (rom s utility, the
conventional considerationt must await & detasled
systems analysis which 1s, once again, well beynnd
tae probiem statement scupe of the paper.

Note also that the energy-cost of hquefaction
of hydrogen 18 not inciuded 'n Figure li's ordinate
values This will have to be added uniess an aiter-
native means of transporting the product {rom the
production site to the using sectors can be effectively
introduced.

With reference to the general macro system
bluck diagram /Figure 191, a number of approaches
for cunverting solar energy intc electricity for pow-
ering the electrolyzer system are shown as ¢ontained
in the larger dashed 'box . Noted nere are photo-
synthesis. dire.t thermal, photevoltay:, ocean ther-
mal gradient (OTC, and wind systermns, as potentially
available soiar-to-electri. conversion modes Each
of these has been indivadually explored as discuseed,
for exampie 1n the Solar Energy Panel summary re-
port (li. However. seldom are 'ney discussed col-
lectively., Individual system refleren.es are: direct
thermal (28), photovoltaic (29, OTG (12,13,17) and
wind 14},

It may well be the case that a single one of
these potential conversion modes would be the lugicat
choice for an ocean based apphication, Indeed, advo-
cates of the OTG approach attempt to make this syn-
onymous with any "Sovlar Sea Power Plant.' But the
systems engineering approach demands that all <on-
cewvable solar-to-electric conversion modes be ex-
amined for applicability in the imitial conceptual phase
af such a technological enterprise as under consider-
ation here. Subsequently, as we get beyond the pres-
ent "problern statement point and into the detailed
systems analysis and macrc system synthesis stage,
where numbers can be developed, we can inteliigent-
ly narruow down the candidates we will further consid-
er for solar energy conversion.

Actually, further study may reveal the destir-
ability of estabhishing a  blending ' uf two or more
conversion modes as opposed to a single one being
totally dominant. Whether a heterogeneous (1. e.,
multimode’ or homogeneous {1, ¢., single mode) ap-
proach 1 optimum 15 simply not clear at this point,
It is for this reasun that Figure 10, in effect, mere
1y lists the basic candidate solar conversion modes.
It 1 apparent that each can be made to produce elect-
rical power wuitable for powering a water electroly-
zer system for thg production of hydrogen and oxy-
gen.

25-047 O - 74 - pt. 2 .- 8
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SOLAR ENERGY INPUT MODE MATCHING

FAVORMNE UNPAVORABLE

AVARARE BNDRGY SN (FVIRS

Figuwe 12

Among the cyneﬁ\ considerations which
must be assesned 13 the probliem of solar energy
input mode matching as reflected in Figure 12,
The apparent input mudes are both of the direct
solar radiant energy and indirect tatmospheric
and oceanic :ntermediary! kinds, With reference
to the <andidate conversion modes represented
in Figure 10, photosynthesis, thermal and photo-
voltaic conversion we . ld invalve the direct receipt
of st.lar radiant energy thise are lumped i1nto the
single . haracteristy. curves lateled direct in
Figure 12. The indirect .onversion modes of wind
and OTGC are separately called out. (To the extent
that ocean waves are wind-generated, wave energy
conversion should probably be added to the list of
candidates, wave-pumbs as conversion devices
have been suggested..

The upper bold line in the twn sketches
titled Favorabie and ' Unfavorable n Figure 12
represent the instantanecus additive converted en-
ergy available to the entire macro system. Since
this will be converted to electrical power (to drive
the electrolyzer system , there will be sorme rated
capacity of the macrc aystem to absord this energy
usefully 1n the production of hydrogen-energy prod-
uct. This rated capacity i1s denoted by the horizon-
tal dashed line Actually, because electrolyzers
are rather flexible in terms of operating with both
light.lcad and overload conditions, and because
intermediate energy storage possibilities exist
(e.g., thermal storage), macro system capacity
for energy absorbtion would better be represented
by a band  rather than the discrete line shown, bat
the latter illustrates the point being made.

Under a favorable' ratching situation left
hand sketchl, there 18 considerable compensation
in the direct and indirect solar energy \nput modes
resuiting 1n reasonably good matching of input and
capacity. Such is not the case in the unfavorable-
situation {right hand shetch). Here, considerabie
lost potential idarkened area above dashed line) o
experienced. In other words, at certain times, far
more solar energy inpat 18 availabie than can be put
to work in the factlity’'s various systems.

BEST AVAILABLE COPY
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Conversely, under an "unfavorable' match-
ing situation, periods of very low energy input will
also occur, This implies unused capacity for the
facility, or a reduced ''plant capacity factor" which
means lowered production rates for a given capital
investment and operating cost. This is reflected
in higher cost of product, an undesirable effect.

Optimization of the solar energy input/facility
capacity match will be quite complex since its {s a
function of many variables including climatological
and meteorological factors, as well as conversion
systems selection, sizing and interfacing.

Earlier Figure 9 introduces aspects of the
general problem with regard to ocean-site location
for the macro system., For the direct conversion sys-
tems (thermal, photovoltaic, photosynthetic) it will
be important to seek a maximum of solar input radi-
ation, a function of season, latitude and clear-skies
factors. The upper sketch of Figure 9 attempts to
indicate for one oceanic region, the Central Pacific,
cloud cover minima trends as developed from avail-
able marine climatological data in Reference 18,

World distribution of solar energy received
data have been described, e.g. (30), but such seems
to be limited in the main to land locations, where the
great bulx of weather observation stations have been
located. in considering ocean based solar energy
conversivn, our subject, there is a clear need for
oceanic insolation information for basic site con-
siderations and overall input energy assessment.

Ilustrating the more adequate availability
of solar input information over land masses, the
lower sketch of Figure 9 shows the positions of
monthly solar radiation maxima for the South Amer-
ican continent. This figure was extracted from (31).
One anticipates that similar trends occur over the
ocean as suggested by the eastward translation of
the single isopleth (for the month of June (18)) as
seen‘in the upper sketch (Figure 9).

One previously noted advantage of ocean bas-
ing is the degree-of-freedoin opened up by the ocean,
surface viewed as a "bearing surface' for translating
the entire macro system. Perhaps, to some degree
or other, the macro system can be programmed to
pursue the region of maximum solar radiation as
it moves over the sea in its seasonal trend. This
must be left as a speculative possibility at this writ-
ing, however.

Returning to the general macro system con-
cept as depicted in Figures 3 and 10, the issue of
copruduction of commeodities in addition to hydrogen-
energy will now be briefly addressed. Listed possi-
bilities are raw materials, finished goods and food.
Quite apart from the prospect of opening up an ent-
irely new source of various products in these cate-
gories, such coproduction by the macro system may
be most effective in increasing the ''revenue base'" for
the ocean based complex, without commensurate in-
creases in facility and operating costs. If so, the
basic pricing of hydrogen-energy will be favorably
affected thereby improving the competitive position
of the overall approach in the energy market.

This general line of reasoning is by no means
new: it has been suggested by numerous researchers

14

in the ''applied oceanography" fisld, For example,
Anderson suggests (12) that "the sea plant”, in this
case based on OTG conversion solely, can also
produce fresh water, chemicals and sea food, He
specifically proposes that such heavy industries

as iron ore reduction and steel plants, and alumi-
num reduction facilities, be colocated on the ocean
for advantages of logistics, cheap power and envir-
onmentally acceptable waste disposal.

Such possibilities are suggested in the *'bas.
ic processing' and ''refining/finishing' system blocks
of Figure 10, As shown, raw materiale can either
be imported (by ship) or extracted from the sea water
concentrates stemming {rom the basic electrolyzer
water feedstock preparation process, or both,

Potable water itself may be an important
product for exportation. At the Solar Sea Plant
Conference and Workshop held by Carnegie-Mellon
University under National Science Foundation sup-
port on 27-28 June 1973, Dr. Joseph Barnea of the
United Nations Office of Resources and Transport-
ation, noted that fresh water supplies are significant-
ly more in short supply than energy in a large num.
ber of the nations of the world (32). In this connection
it is well to note that hydrogen-energy, ideally in be-
ing converted to useful forms provides pure water
as the exhaust product.

A very substantial and instructive study of co-
production of industrial and agro-industrial products
from a primary energy based complex waw carried out
by the Atomic Energy Commission's Oak Ridge Nat-
ional Laboratory in the 1967-68 time-period. The
energy source in this instance was land based nuclear
reactors. But much of the ground covered under this
rather extensive effort, reported on in (33) and a large
number of companion and derivitive reports and papers
(e.g., 34), is equally applicable to the solar ocean
base complex under examination here.

Illustrating this, Figure 13, taken from (34),
shows diagrammatically the conversion of ses water
concentrates, such as will be derived from electro-
iyzer feedwater processing in the macro system, to
primary, secondary and even tertiary products of
commercial value,

COPRODUCTS FROM SEAWATER CONCENTRATES
SOURC

W € LEE INDUSTRIAL COMPMEXES BASKD ON
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A unique and potentially most significant
coproduct area is based on open sea mariculture,

A number of advocates of energy conversion at sea
have cited the synergistic potential of mariculture
and the natural thermal rejection characteristics of
energy conversion procesaes as already touched upon,
and to be further noted below (e.g., 12,18,35). In
reality, however, very little firm information on
open sea mariculture exists, No one, except possi-
bly the Japanese with their near-shore tuna pens

and extensive oyster raft arrays, has really attempt-
ed to establish mariculture operations on the high
seas an yet. Therefore, schemes for associating
open sea mariculture with ocean based energy con-
version are quite speculative at this point.

Nonetheless, for the past two years the Oce-
anic Institute in Hawaii, under a Sea Grant from the
National Oceanic and Atmospheric Administration,
has been pursuing an analysis of the potentials and
problems inherent in open sea mariculture activities
contemplated for the future. At this writing, an ex-
tensive report is being readied by one of the present
authors (Hanson) for publication,

Without going into any details of this work,
we can say here that a major conclusion of this study
is that sessile (fixed to one spot) organisms are the
most attractive early candidates. Oysters and mus-
sels in particular have high productivity rates, are
contained in the open sea easily and can be raised on
plankton, The feed-plankton can be produced in con-
siderable abundance if we can achieve artificial up-
welling of waters lying several hundred meters be-
low the surface. These depth waters, too deep for
supporting photosynthetic processes directly, are
typically rich in inorganic nutrients.

At St. Croix in the Virgin Islands, research-
ers of Lamont- Doherty Geological Observatory of
Columbia University have been carrying on artific-
ial upwelling mariculture experiments for the past
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several years (see (35)). These experiments are
based on pumping deep off-shore water into shallow
ponding areas where the subject organisms are cul-
tured. Though of limited scale, they indicate the
feasibility of sustaining planktonic populations on
artificially upwelled nutrients as feed for oysters

and rmussels, It remains, of course, to transfer
these initial shoreside experiments to the open seas
and to expand them to commercially significant scales.
Among the more critical questions are those concerned
with temperature effects, controlling planktonic spe-
cies compositions and the mechanics of large scale
artificlal upwellings.

Regarding the latter, for the macro system
application considered here, the mechanism proposed
for depth-water upwelling is via thermal rejection in
the depths. The colder water of the depths, once suf-
ficiently heated in heat exchange with condensers and
other heat-exchange devices which are components of
the constituent systems, will achieve positive buoyan-
cy. This will result in the nutrient-rich waters ris-
ing toward the surface and into the shallower depths
where photosynthetic food-chain processes can be
sustained, Thus the controlling process is that of
thermal upwelling,

Given that this can be evolved as a practical
engineering proposition, another interesting ques-
tion has to do with the ultimate composition of the
marine food web, in addition to the intentionally
cultured organismas, that will evolve in artificially
upwelled waters in the open seas. Will the domi-
nant ''volunteer' species constitute additional prod-
uctivity, or will they diminish intended productivity®
Though many biological and engineering problems
remain to be solved, it seems that the potential for
associating open seas mariculture with ocean based
energy conversion is indecd real and offers chal-
lenges matching those of basic energy-form product-
ion itself,

STABLE FLOATING PLATFORM DEVELOPMENTS AND TECHNOLOGY

Arny ocean based energy system facility will
require a stable base of operation. Westinghouse-
Tenneco in their joint "Offshore Power Systems'' ent-
erprise have selected conventional steel barges pro-
tected by breakwaters as the basis for their off-shore
nuclear-electric generation facility designs (36). How-
ever such an approach is feasible only in shallow wat-
er. Deeper water installations for general applicabil-
ity to the open ocean will require either bottom -mount-
ed platforms or floating platforms capable of motion
stability and safe operation in the ocean environment,

The oil industry has led the development of
both of the latter two categories. There are several
hundred per t bottom- ted oil production
platforms operating in the Gulf of Mexico and off the
California coast. Semisubmersibles {Figure 14) and
jack-up rigs are in operation, under construction, or

15
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on firm order in quantities of several hundreds of
units, The bottom-mounted platforms are usually
limited to depths of a few hundred feet. The semi-
submersibles are, of course, depth-independent,
except for the issue of mooring, We refer here to
the platform capability only: all semisubmersible
rigs have drilling depth limitations. (37)

As for operations in seaways, the current
semisubmersibles tend to cease all operations in
waves greater than 30 ft, and begin terminating
their more sensitive functions {n waves of 15 ft,
Most utilize moorings for station-keeping, but many
employ thrusters to assist the mooring system in
extreme winds and currents. Tolerance limits for
platform motions appear to resuit partly from limi-
tations of crews to perform their functions and part-
ly becauss of drilling equipment limitations (38,39)

In any case it seems very likely that offshore systems

of the future will require larger platforms having im-
proved stability over current types of semisubmers-
ible oil rigs.

With this in mind, the Nationa! Oceanic and
Atmospheric Administration Sea Grant Office has
been supporting » joint University of Hawaii/Oceanic

Institute research program concerned with very large

"super stable" floating platforms under the title of
""Hawaii Floating City Development Program''(40),
This effort could eventually lead to offshore and

open ocean large-scale urban and industrial com-
plexes of the future, It does, of course, take ad-
vantage of previous and concurrent related work done
by the Naval Undersea Center, Naval Civil Engineer-
ing lLaboratory and Scripps Institution of Oceanogra-
phy. One of the authors (Hanson) is actively engaged
in the Floating Cities development.

Figure 15 shows two views of a detailed mod-
el of one Floating City concept. The approximate

~ «-dimensions are revealed by noting the basic circular
' vcore” module (best seen in the upper photograph)
diameter of 1000 ft, This circular unit is made up
of 10 pie-shaped modules, each supported on 3 flot-
ation units as will be later described. The fact that
a significant portion of the Floating City is under-
water is clearly shown in the lower photograph.

The immediate obiective of this effort is to
develop critical information on the design and con-
struction of stable floating platforms of very large
size and high stability. This very large structure
wan chosen as an exemplary subject because 1t could
repreaent the basic “‘core ring' of a floating urban
complex and because its analysis should expose most

of the characteristic problems that will be encountered
in an actual hardware development program involving,

perhaps, smaller or more specialized structures,
To reflect the scale of the Floating City ele-
ments, the following design values are noted:

Total deck area (in 4 stories) 199,000 ft2

Buoyancy chamber diameter 92 ft
" " depth (max,) 240 ft
Upper column diameter 52 ft
" " 100 1t

length
Displacement of one chamber (30)

Total displacement of ring 23.1 x 108 1b

1.207 x 106013

HAWAII FLOATING CITY MODEL

SOURCE UNIVERSITY OF HAWALl

Figure 18

\

The work 1n Hawaii is proceeding along a
number of main avenues:

Analysis of the open sea environment em-
ploying Gumble's Assumtatic Approximation tech-
niques to develop average and worst expectantics
for winds, waves and currents for 100 and 1000
year return periods.

Theoretical investigations and optimization
of the platform's scakeecping characteristics (41),
This work indicates thit heave and pitch excursions
can be held to a few feet for the entire ring of 10
modules, even in extreme sea states. The response
of the structure is sensitive to longer wave periods.
Since very large waves appear to occur in the 15
second period realm and only very small waves of
longer periods usually occur in trains long envugh
to excite the platfarm, it 18 indicated that platform
motions are very likely to he below the threshold
of human perception in all but very unusual seas.

It has been determined that steel-reinforced
concrete 18 the most attractive construction mater-
1al. An analysis of the use of concrete 1n sea water
has been completed and is being reported.
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Transportation to and from such a structure
and internal to it poses a number of interesting prob-
lems; a report addressing this area is being prepared,

Structural engineering questions are being ex-
plored in some depth. Finite element analysis com-
puter programs (NASTRAN and STRUDL) have been
developed, as well as several special-purpose pro-
grams., This work will be published,

A 1:150 and 1:20 scale model program has
been conducted to verify the theoretical work men-
tioned above, The smaller model (1:150) was an
inexpensive unit for wave-tank testing for a pre-
Iiminary assessment of module behaviour. It was
evaluated 1n Hawaii's J. K, Look laboratory and in
the wave flume of Offshore Technology Corporation
tn California.
ment with theory.

The much more extensive 1:20 scale floating
city model is shown in Figure 16, The overall dia-
meter 15 SO ft (based on 1000 ft full acale) and the
model displaces 150 tons at load water line. The
17.5 ft height of the flotation chambers and their
upper columns which support the deck is revealed in
the lower on-shore photograph.

This model was assembled and tested in 1972
in Kaneohe Bay in Hawaii, a natural testing basin for
simulating sacale open-sea conditions since it features
wind generated waves of the proper scale. It was
instrumented with sensitive aviation type accelerome-
ters and recording equipment and a large quantity of
motion data was acquired in various scale sea states.
This will be reported 1n the Winter of 1973,

An earlier experimental model program con-
ducted by Oceanic Institute under the title, MOSES
{for Manned Open Sea Experimentation Station) will
be described in the next section.

The major share of the present work as dis-
cussed above has been completed and 1» in the report-
ing phase., During Fiscal Year 1974 the Institute in-
tends to derive design requirements for a variety of
specific uses of this type of platform, As appropri-
ate, this will be followed up by actual design work
activity, Included will be floating airports, primary
wndustry sites, waste processing facilities, transport-
ation terminals, resort and research complexes,
and pertinent to this paper - - energy conversion off-
shore and open ocean stations which utilize nuclear
and solar energy.

Results achieved were 1n general agree-

SUBSCALE (1/20) FLOATING CITY MODULE

ON SHORE
JOURCE OCLANK BaniTuTE

Figute 16

CONCEPTUALIZING THE MACRO SYSTEM

In this final section we will attempt to dev-
elop a physical feel for the overall ocean based
macro system approach in a necessarily limited
conceptualization. First, however it 1s instruct-
ive to examine another aspect of stable floating
platform technology, one which we have associated
with the important solar collector components of the
energy conversion complex.

Of course 1t is the absence of such "techno-
logical collectors’ which provides much of the bas-
ic appeal of the OTG, wind, and some photosynthetic

17

solar conversion modes. These all use natural
ocean and atmospheric resources as the energy
collection means. But the direct thermal and
photovoltaic modes necessitate considering the
means of supporting their associated large collect-
ion surfaces above the ocean surface.

A special requirement will be placed on
stable ocean platform technology in these cases
because, in contrast to the Floating Cities appli-
cation. a much lower ”deck-loading“(lb/ﬂzl e
likely to be imposed by the collection surface.
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SOLAR COLLECTOR CONCEPT
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The upper sketch of Figure 17 illustrates
a conventicnal two-dimensional parabolic "trough"
type solar concentrator with its line-focus heat
receiver, in which power cycle working fluid is
heated. Water as working fluid, and a convent.
tonal Rankine steam cycle are considered as a
baseline approach in combination with this direct
thermal collector.

The strikingly large dimensions noted
(100 x 500 m) are strictly arbitrary; a modular
approach will be pursued and insufficient study
has been made to optimally size such units for
the subject application, The module dimensions
may be considerably smaller. For example, the
Univerasity of Minnesota and Honeywell, Inc.,
working under an NSF grant on central solar-
electric generation (land based) concepts have
used a nominal 3 x 12 m unit sizing, but gne
geometrically similar to that of Figure 17.(28)

To illusirate a specific candidate approach
for providing la-ge-area solar energy collectors
for use on the open ocean, the direct thermal

collector concept proposed by one of the authors
in an earlier paper (Escher, (18)) will be briefly
reviewed. The same general approach would,
conceptually,be applicable to photovoltaic collect-
ors except that the sun-tracking feature, to be
described, might not be necessary.

Employing some 20 of the collector mod-
ules already described, the lower sketch of Fig-
ure 17 reflects a basic | km square module of
collection surface supported on a number of flo-
tation chambers of the type described in the pre-
vious section, Since a lightweight structural
array is envisioned here, a much wider spacing
of flotation units can be employed considerably
reducing the total number af supports required
per unit area. In other words, a much lower
"deck-loading" {Ib/ft%) will be the case here
vis-a.vis the Floating City (Figures 15 & 16).

Again, the specific number of units to
be applied can not be stated without considera-
ble further design analysis, in which the previous-
ly discussed super stable platform technology will
be factored in,

As seen in the Floating City application
the basic "spar buoy' f{lotation unit configuration
provides for a stable floating point of support,
This is fundamentally because the bulk of the
mass and volume of the unit is well below the
near-surface of the sea where wave action takes
place., The relatively "hostile' air/sea interface
is penetrated by a minimal-sized column presenting
only a small surface for wave forces to act upon,

This column can then extend upward to suf-
ficient height to support the solar collector well
above the immediate ocean-surface environment,
As suggested in the sketch, a further extension
of the column can be used to support tension mem-
bers (e.g., suspension cables and various types
of riggings) for securing the collector areas, As
will be shown subsequently, the top of the columns
would be a logical point to attach wind conversion
rotating machinery.

Some time prior to the Floating City act-
ivity noted in the preceding section of the paper,

a well-developed technological base for such spar
buoy flotation units was established in connection
with advanced- concept oceanographic research
vessels, both developed and planned. As part of
the NOAA's '"Coherent Area Program in Utilization
of the Open Sea," in 1970-71, one of the authors
(Hanson) managed a feasibility study titled?’Manned
Open Sea Experimentation Station (MOSES),"" A
final report for the study was published (42) in
which the design of a large special-purpose spar
buoy vessel capable of sustained on-station ocean-
ographic research in the open sea was described.
MOSES was over 300 ft long and was completely
outfitted with electrical, pneumatic, hydraulic and
life-support/environmental control systems. A
permanent research crew of 4 were provided for,

The report (42) further describes feasibil-
ity testing of a 1/13 scale model in the open sea
environment. Figure 18 presents photographs
of this model in test.
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STABLE PLATFORM MODEL IN TEST (MOSES)
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The unit is designed to be towed to the des-
ignated ocean research site in the horizontal con-
figuration as shown in the left-hand photograph.
Once on station, MOSES is ballasted into the ver-
tical position in which case the bulk of its volume
and mass are well below the surface providing the
stability behaviour previously described. This
vertical "stable'’’ mode is revealed in the right-
hand photograph.

In both still and rough water testing in
Hawaii, the model evidenced this stability, gen-
erally behaving according to the established math-
ematical model developed for it. Transitions from
horizontal towing position to vertical operating pos-
ition, and return to horizontal -- the dynamics of
which were not readily subject to exact calculation
-- proved to offer no problem.

Thus, between the present Floating City
research and the carlier work on oceanographic
research vessels such as MOSES and FLIP, there
is considerable evidence in hand that the type of
flotation units sketched in Figure 17 is a feasible
avenue of approach, on a single-unit basis at least.
Much more study of the ramifications of multiple-
point support as required for large-scale solar
collectors is clearly needed, however, to assesa
practicability and establieh specific features of
the design,

With reference to the nominal 1 km square
module of Figure 17, the arrangement of a number
of these is considered in Figure 19, As shown,
there is need for spacing the modules apart to pro-
vide non-interference for slow azimuthal rotation
of the entire module to elfect sun-tracking, This
rotation, in the plane of the sea, will be far more
straightforward to mechanize than the usual approach
of physically rotating the concentrators individually
about one axis or another (e.g.,about a horizontal
axis parallel to or colinear with the focal line (28)).

For concentrator systems, where focusing
occurs, as opposed to non-concentrator photovolt-
aic systems, some provisions for sun tracking must
be provided. The rotation about the vertical axis of
an upward-facing concentrator as described here
is merely one such approach, It utilizes the ""low-
friction bearing surface" advantage of ocean basing
called out in Table 3 to simplify the mechanization
of sun-tracking in the very large-scale collection
areas being considered here. There is some sacrifice
in effectiveness at lower sun altitudes (cosine losses)
in selecting this approach over more elaborate mount.
ing geometries; this trade-off stands to be assessed
in any further evaluation of the scheme.

The diurnal azimuthal rotation would be 8o
controlled to keep the solar line-image on the work-
ing fluid heat receiver. Thrusters in the flotation
units would provide the torquing forces for the sun-
tracking under the control of suitable guidance systems.
Such thrusters would likely be required anyway for
basic station keeping and inter-module "formation"
establishment. Thrustersof this type are already in
use in present-day submersible oil rigs as noted
earlier.

The minimum inter-module spacing require-
ment of 414 m is noted in Figure 19,
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The lower sketch of Figure 19 shows an
assemblage of some 48 | km square modules (7
x 7 matrix; central unit removed for "central op-
erations” activity) estimated as being required
for a facility yielding 1000 MW continuous product.
ion levels of hydrogen-energy as cryogenic hydrogen
and oxygen (18). This corresponds to 609 metric
tons of liquid hydrogen and 4890 metric tons of liquid
oxygen daily. It was further estimated that a 43 per-
cent reduction in the area required could be achieved
with the inclusion of very advanced "projected" tech-
nology. Conversely, the continuous production level
of the 48 module macro system could be raised to
the 1430 MW level.

Finally, we consider the physical integration
of the subject macro system as previously schemat-
ized in Figures 3 and 10, Figure 20 presents a pre-
liminary conceptualization of the ocean based solar-
to-hydrogen energy conversion macro system.

On the left side of the figure an attempt has
been made to represent the relative size (mass, and/
or volume) of the various constituent systems; this
is indicated by the horizontal thickness of the hatched
blocked-in areas with system call outs as appropri-
ate. We also show here where the systems would
likely be located in elevation with reference to the
ocean surface (see nominal elevation scale in center).

For example, it is apparent that the intermed-
iate storage of product hydrogen and oxygen can best
be accomplished in depth-located hydrostatically bal-
anced containment units to minimize size and invest-
ment, and to provide energy savings in the liquefact-
ion process. This depth storage approach has been
considered for the storag. of natural gas by the gas

CRYOORNIC LIQUEFIER

N

s

HARDWARE CONCEPTUALIZATION
AR b A

The electrolyzer is also shown as depth-
located. For {f the hydrogen and oxygen are wanted
at high pressure, it will be technically advantageous
to electrolyze water at that pressurc to avoid the
considerable energy penalty of mechanical gaseous
compression. The compression of hydrogen, par-
ticularly is quite energy-intensive, and the equip-
ment costly. Normally, high-pressure electrolysis
for which there is considerable precedent in the
electrolyzer industry (23), involves basic pressure-
vessel construction which is expensive, heavy and
poses safety problems. If the electrolyzer were
to be located in the depths and electrolysis conducted
at ambient depth pressures (about 4 pai per ft of
depth as a rule of thumb), these drawbacks might
be largely overcome. However, appropriate electro-
lyzer designs have not been presented; this is seen
to be an area of pacing' technology for the subject
concept. .

Proceeding upward in viewing Figure 20,
the ocean thermal gradient equipment is typically
located in the region extending from just below
the surface {(warm water source) to several hundred
feet of depth (cold water source). The OTG system
will be volumetrically large, if not massive, due to
the large heat exchanger areas involved and the ‘ex-
tremely large quantities of water which must be
handled (assuming OTG to be a major contributing
conversion mode).

Probably the largest number of systems and
the greatest mass of the entire complex will be located
in the vicinity of the ocean surface. The precept of
the Floating City concept is especially applicable in
this connection. Such systems would include the ones

industry where underground storage is not posaible(43). listed in the center bracket on the figure.

20
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Well above the surface level would be the
direct thermal, photovoltaic and/or wind energy
collection systems. Ae previously noted the
direct solar collectors may be very expansive
areas (see Figures 17 and 19). As previously
commented, the uppermost location of the wind
converter may make considerable sense for
establishing clearance for large-diameter rotat-
ing blades and to gain access to r:axirmum wind
speeds (ree from any near-surfs.c blocking ef-
fects.

Finally, as depicted on the extreme left
side of the figure, fluid system and electrical in-
terconnections of the various systems will be re-
quired. This implies piping and electrical cable
runs up and down the entire span of elevation, as
well as in connecting the various modular units
which are to be repeated in a pattern, such as that
shown in Figure 19 (lower).

It would seem that the last-discussed con-
stituent systems, that is those associated with
solar energy collection direct or indirect, will

not be concentrated in "Floating City" fashion,
as are the near-surface systema already cited.
Instead, the more widely distributed ''spar buoy"
type of layout would seem more applicable as
sketched in Figure 17 (lower).

It may be that the electrolyzer and gas prod-
uct storage systems would also be "decentralized”
and more immediately tied to the energy collectors
in addition.

Resisting further engineering speculation,
then, the sketch on the right hand side of Figure 20
provides a nominal physical conceptualization of
the overall macro system, Note the two distinctive
physical units in accordance with the above discuss-
ion: (1) Central "industrial’ systems based on the
Floating City model, and (2) Distributed energy col-
lection modules more in the direction of the spar
buoy approach (e.g., MOSES).

In both cases there is an obvious and basic
dependency on open ocean or off-shore stable float-
ing platform precepts and technology

CONCLUDING OBSERVATIONS

Having presented this '‘problem statement"
or initial viewing of prospects for acean based
solar-to-hydrogen energy conversion macro sys-
tems, it may be helpful to the reader to have re-
viewed the salient points which become apparent
from the foregoing (although not all have been dis-
cussed in the body of the paper):

1. World production (and consumption) of fossil
fuels is predicted by some authorities to peak out
in the period: 2030 - 2080, at which time adequate,
reliable and economic non-fossil based energy com-
modites must be available.

2. Solar energy is the only non-fossil primary
cnergy source (the others are nuclear fission and
fusion, and geothermal energy) which is known to
be potentially abundant over an indefinite period,
and whose conversion technology is fundamentally
in hand. It also holds out the possibility of a min-
imum of environmental degradation, and hopefully
none at all,

3. Hydrogen-energy (hydrogen, and hydrogen-
oxygen bireactant)appearsto be an optimal energy
carrier by which solar energy can be transported
to the end user of the energy. In this role hydrogen
offers key advantages of economic transportability
and storability as compared to electricity.

4. Ocean basing of large-scale "central” solar
energy conversion facilities, as opposed to con-
ventional desert locations, offers significant ad-
vantages of virtually unlimited collection area,

21

abundant cooling water, readily available feed-
stock water (for producing hydrogen-energy),
excellent Jogistics, amenability for macro sys-
tem translation and rotation (ocean as a bearing
surface), and the unique availability of the ocean
thermal gradient conversion mode,

5. On the other hand, ocean basing is accom-
panied by very significant challenges and limita-
tions. However, traditional nautical architect-
ural and marine engineering methods, augmented
by recent developments in the stable ocean plat-
form area, are believed capable of meeting these
challenges and ameliorating constraints inherent
in this approach.

6. Given the feasibility of large-scale ocean
based energy conversion complexes, the coprod-
uction of a spectrum of valuable products ranging
from sea foods to minerals and finished goods
appears to be a natural adjunct to the basic ener-
gy commodity.

7. Among these coproduction possibilities, open
sea mariculture is potentially the most significant
of all since it may be a major source of augment-
ing world protein supplies, If the thermal upwell-
ing technique is workable, a rare opportunity for
fruitfully using waste heat presents itself and the
possibility for achieving a benevolent environment-
al interaction in a large-scale energy complex is
at hand.

(continued)
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8, Two basic classes of stadble ocean platforms
are envisioned for mechanizing the ocean energy
facility: (1) Small-area, high density industriatl
oriented areas employing semisubmersible or
"“Floating City" design approaches, and (2) Much
larger "low deck-loading''areas associated with
energy collection processes (among other functions)
which may use a multiplicity of widely spaced flot-
ation units.

9. A number of specific candidate solar energy
conversion modes have been identified as applica-
ble for hydrogen-energy production: direct therm-
al, photovoltaic, photosynthetic (including photoly-
sis), wind, waves and ocean thermal gradient.
However, a preferred conversion mode for the
ocean based macro system, or possibly a "mix"
of two or more modes, is not apparent at this
point. A complex economic/technological trade-
off assessment is indicated for achieving a deter-

mination here.

10, Although alternative water -splitting product-
ion methods are possible (e.g. thermochemical,
photolytic), water electrolysis is the only fully
developed and in-use process. Although all can-
didate solar conversion modes appear capable of
generating the requisite electrical power, there
are inherent limitations in efficiency in so doing.
Therefore, a continued search for superior water:
splitting methods should be sustained, while the
technology of electricity generation and water elec-
trolysis is further advanced,

11, In the case of the electrolyzer, if depth storage
of product hydrogen and oxygen at elevated pressure
is shown to be advantageous, the technology of depth-
located, hydrostatically balanced high-pressure elec-
trolysis should be vigorously pursued, This will
greatly reduce the parasitic energy of otherwise mechan-
ically compresning the gases as well as eliminate the
associated equipment cost.

12.If the oxygen component of hydrogen-energy is
to be transported with the hydrogen, and since the
liquefaction energy requirement is quite high, the
opportunity to advance the technology of liquefiers
by taking advantage of any synergism deriving from
the need to liquefy both gases in a common facility
ma) be quite significant.

13. The open ocean port system , and the noted ship-
ping means for moving cryogenic hydrogen-energy,
as well as any coproducts, will involve major devel-
opments of themselves, Precedents exist for both,
however: projected deep water/offshore receiving
ports for supertankers and the cryogenic LNG ships
now entering service in considerable numbers.

A final quite general observation is this:
Ocean based solar energy provides a unique avenue
for any and all nations of the world, even ones at
extreme disadvantages in terms of solar energy a-
vailability, to participate actively in the perhaps
inevitable transition from natural (i. e. fossil fuels)
to technologically-processed solar energy.
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THE A8B0CIATED GENERAL CONTRACTORS OF AMERICA,
Washington, D.C., November 30, 1973.
Mr. MICHAEL STERN,
Stafy Director, Senate Committee on Finance, Dirksen Senate Ofice Building,
Washington D.C.

Dear Mg. STERN : This is in response to your release on Subcommittee hearings
concerning fiscal policies in relation to the energy crisis.

Enclosed is a copy of our statement on Federal Energy-related Regulations.
This will give you basic information on our Association and our difficulties with
the current regulations.

Also enclosed is an AGC News Release (Novemher 27, 1973), which provides
information on how seriously our industry is already being affected by the short-
ages, and by the present allocation procedures.

We are most deeply concerned with your Subcommittee’'s work, and request
an opportunity to testify .t person at your earliest convenience.

Taxation is not the way out of this crisis. More taxation, in our view, means
more inflation; discriminaton against those who are relatively poor; avoiding

the real problem.
It is our belief that the only proper solution lies in an equitable system of

allocation or rationing.

The construction industry is being hamstrung by the existing allocation pro-
grams. Regardless, however, of our own problems as an industry, we are Amer-
icans—willing to live with our share of the shortages and opposed to unfair and
counter-productive taxation.

I ask that this statement, and the enclosures he made part of the Subcomn-
mittee's proceedings, and that we be given an opportunity to testify in person.

Sincerely,
J. M. SPROUSE,

Ereccutive Dircctor.
Enclosures.

CoN8TRUCTION INDUSTRY IN IDANGER, WARNS CONTRACTOR PRESIDENT

WasHINGTON, I).C.—The nation’s largest industry is in danger of coming to
a standstill because of present federal fuel allocation programs, according to
a nationwide survey conducted by the Associated General Contractors of America.

“Construction activity in this country is already down 209%,” said Nello L.
Teer Jr. president of the national association representing 9500 construction
firms throughout the country. “If present fuel allocation programs are not al-
tered quickly, the economic impact on the construction industry may reach
catastrophic proportions before the end of winter. OQur survey indicates that
thousands of construction workers are now out of work and the situation is
worsening daily,” he said.

“The general contractor is not asking for more than his rightful share of
fuel,” Mr. Teer continued. ‘‘He is more than willing to do his share to help allevi-
ate this program; all he is asking for is a better system of fuel allocation to
keep his industry going,” the highway contractor from Durham, North Carolina
added. Ile said present monthly fuel allocations are made on the basis of fuel
consumed during the corresponding month in 1972, He said this type of approach
“may be equitable for the majority of fuel users in the nation (whose needs are
relatively stable) but has no validity for the construction industry because the
fuel requirements on a particular job in a given month in 1972 may be vastly
different than the fuel requirements on the same or a new project in the same
month of 1973.”

He said that weather and the avallability of labor and materials could also
vastly affect fuel requirements from one month to the next and from one year
to the next.

Mr. Teer said he has asked White House Energy Advisor John A. Love to
allocate fuel on a project basis so that each job will be assured adequate fuel
before it is advertised for bid. “I have also asked that propane for interior heat-
ing of buildings under construction be allocated on a priority basis.”

Responses to AGC’'s survey of its chapters representing construction firms,
which perform 80 percent of all contract construction, read in part:

“We have had 22 construction jobs shut down this week because of gas, diesel
and propane shortage...amounts to $66 million in construction, and a direct
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layoff of 2200 employees. . . situation will snowball through the winter months if
government stays on '72 base period allocations. I foresee a layoff of 10 to 15 thou-
sand construction workers in Ohio in second quarter of 1974 if present federal
program is continued”. .. Ohio Contractors Association.

“Diesel fuel situation critical...$7 million in highway and utilities shut
down ... 150 employees affected. Additional $10 million in heavy, highway, utili-
tles work operating on day-to-day basis. Construction firms will be unable to
continue full production using present allocation procedures... unless there is
release. Project 800 to 1,000 construction tradesmen become unemployed.” . . .
Louisville Chapter.

“Diesel situation becoming extremely critical in southern California. Increas-
ing number of reports of contractors huving to stop entire projects because of
lack of fuel . . . if situation does not improve, layoffs could approach 3000 to 5000
men before end of year.” ... AGC of California.

“Effect of fuel shortage in Missouri catastrophic. Without relief, all work will
cease. A number of projects already shut down.” . ., AGC of Missouri.

“Fuel shortage getting critical . . . engineer dam project was completely stopped
for 5-8 days, putting 300C on-site workers out of a job. Other projects stop-and-
go as fuel is available. Black market fuel available on increased price basis.” . .,
Heavy Constructors Association of the Greater Kansas City Area.

“Fuel allocation on the base period usage system is not a workable system for
the construction industry . . . already heginning to show its effects on some proj-
ects in this area . . . in the near future, will severely cut back most construction
operations.” . . . Oregon-Columbia Chapter.

“Unless a more realistic base period is used for diesel fuel and construction is
given a priority for use of propane, construction will be reduced by 509 in the
metropolitan Detroit area . . . employment of building tradesmen would be re-
duced by 309 . . . such a reduction would have a great impact on the overall
economy in this area.” ... Detroit Chapter.

“Propane shortage and nonavailability considered severe threat . . . winter
construction employment levels down 50¢..” . . . Chicago Buildcrs Chapter.

“Highway and heavy engineering industry in Arizona will have to completely
curtail operations if present base period system of fuel allocation is contin-
ued . . . extremely unusual weather conditions in 1972 shut down practically all
outside work during last months of the year, (therefore) most contractors have
very small fuel allocations available . . . 12,000 employees are directly involved
with additional thousands indirectly involved.” . .. Arizona Chapter.

“Approximately 259 of our 123 contractors experiencing severe diesel fuel
shortages . . . if situation does not improve, nearly 1,000 men will be out of work
within a few weeks with payroll economic impact of nearly $750,000 per month.”
... Kansas Contractors Association,

“Under present propane and .diesel program, 50% of all construction will be
stopped by Jan. 1. .. up to 70-809% by March 1. .. stoppages will affect 30,000-
30,000 people.” . .. Greater Lexington Chapter.

“Diesel fuel allocations critical . . . unless relief or priorities granted, utilities
construction statewide will be reduced, minimum of industry employment 10-
20¢, with some contractors forced out of business.” ... Teras Highway, Heavy

and Utilities Branch.
Teer said the energy crisis is the *‘greatest calamity to hit this nation since

1929,

THE ASSOCIATED GENERAL CONTRACTORS OF AMERICA, INC,,
Washington, D.C., November 19, 1973.

BTATEMENT ON FEDERAL ENERGY-RELATED REGULATIONS

The Associated General Contractors of America is a national trade association
representing more than 9,500 general construction firms with 122 chapters in all
90 states, Puerto Rico and the District of Columbia. In addition, about 17,500
subcontractors, suppliers and service organizations belong to the association as
associate members. Our membership performs the greater part of all heavy, build-
ing, highway and utilities construction in the United States, or some $80 billion
annually. The construction industry employs approximately 5 million workers,
3.5 to 4 million of which are employed by or through members of our Association.
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Coustruction is the largest industry in this nation accounting for one eighth
of our Gross National Product, according to the U.S. Department of Commerce.
Not only i8 construction the largest single piece of our economy, it is the one in
which production cut-backs will be most immediately felt throughout the rest
of the economy. Construction lay offs follow instantly when work cannot go
forward. Unlike agriculture and manufacturing industries, in construction there
is no lag between a reduction in volume of work and employee lay offs.

In addition to the obvious public and private reliance on construction for crit-
ically needed facilities in the area of bousing, communications, transportation,
and utilities, there is also a direct correlation between construction and energy
output. Refineries need to be built, deep water ports need to be built, mass transit
systems and railroads needs to be built and maintained, and sewer plants and
transmission lines need to be bullt. Construction is the vehicle for providing these
facilities that will at some future date provide this nation with a better energy
posture. “America progresses through construction” is no mere public relations
slogan; our nation’s economy, employment, and national short and long term
planning depend heavily on the construction industry.

It is readily apparent that regulation of energy distribution in our nation is a
necessary, long term activity. It is also readily apparent that any regulation must
be geared to the public need; to regulate equitably and to do so in a way to
minimize the adverse impact on our national economy and employment. In effect,
regulation must be balanced against adverse impact. The Mandatory Propane
Allocation Program attempts to effectuate this balance primarily through the
use of a priority system and secondarily through the use of an historical base
period allocation system ; while the Mandatory Middle Distillate Fuel Allocation
Program attempts to do so solely through the historical base period allocation
system,

The effectuation of the balancing approach through the use of an historical
base period allocation system appears to rest on a basic assumption that the
type, amount,- and location of fuel used by an entity during the corresponding
month of the base period is a valid indication of the type, amount and location
of fuel that will be needed by that entity during the corresponding month of this
year,

This assumption is undoubtedly valid for the majority of fuel users in the na-
tion, whose fuel needs are relatively stable and repetitive.

Unfortunately, the historical hase period allocation system, and the assumption
upon which it rests, is not valid for this nation’s largest industry—the con-
struction industry. Type, amount and locality of fuel usage in a base period often
has no relationship whatsoever to the type, amount and locality of fuel needed at
any other specified point in time for construction activity., While construction
has always been an important fuel consumer, ‘base period’ and ‘normal and
average usage' have very limited applicability to construction. This is true for
a variety of reasons:

(1) Unlike most other industries, the construction work of individual
firms does not ‘produce’ on a fixed, stable schedule, or even on a forseeable
cyclical schedule. The ‘raw material’ of a contractor is a project, and projects
Inherently vary in location, duration, type, and quantity— all of which will
dramatically affect fuel usage at any given point in time.

(2) Many projects, and the number and type will vary from year to year,
are completed in stages, and each stage requires varying fuel usage. For
example, in 1972 a contractor may have had a particular project that took
five months to complete ; but due to the nature of the stages of construction,
fuel was only needed in quantity during the first two months of the flve
month project. This year the contractor may have a very similar project,
but in a very different stage of construction, which requires fuel in large
quantity during the corresponding third, fourth and fifth month of 1973.

(3) Many construction contractors are highly mobile, moving from one
locality or state to another to accomplish projects of varying size and type,
under a variety of labor conditions. Each variable affects not only fuel
requirements, but also the location and duration of fuel parchasing arrange-
ments with any given supplier.

(4) The construction industry, perhaps more so than any other, is highly
affected by weather conditions. Abnormal rainfall stops or seriously curtails
some types of construction activity. Preliminary inquiries by our Association
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have already ascertained that eleven states last year experienced rainfall in
such amounts as to stop or seriously curtail most construction activity for
a minimum of 3 months. Yet, contractors in such locations will have their
fuel allocation for this year determined by their non-existent or lessened
usage of fuel during those rainy months.

(6) Much of the construction industry utilizes union labor. Should a
strike or major labor dispute arise there are no inventories to rely on, as
in most other industries, to sustain operations until the dispute is settled. A
Iabor dispute in construction activity has an immediate, no-lag effect, For ex-
ample, Oregon and Southwest Washington state were subjected to a major
Inbor dispute during the months of June, July, and August of this year and
construction activities during the heart of the season came to a virtual
standstill, If this year’s fuel usage is to determine next year’s fuel allocation
in Oregon, then Oregon is effectively being told to shut down construction
all next summer.

The use of a base period to determine fuel allocation for construction activities
is completely impractical; there being so many variables that effect fuel usage
at any given time. The result is that the regulatory application of a base period
allocation system to the construction industry is inequitable and effectively dis-
criminatory. The base period allocation system can only prove to stop or seriously
curtail much essential construction activity in the nation; resulting in both an
immediate and ripple effect on our nation’s economy and employment. In addi-
tion the regulatory use of a base period allocation system could have a damaging
effect on the competitive low bid process in new federal and state construction;
for only the contractor who was fortunate enough, through sheer coincidence, to
have a ‘good’ base period will be able to bid on contracts with assurance of
adequate fuel for the project.

An equitable solution, one that would allow needed construction activity to
continue and to do so in a healthy competitive atmosphere, is to place construc-
tion fuel allocation on a project basis so that each project, whether public or
private, will be given assurance of adequate fuel before it is advertised for con-
struction. The awarding agency should have the allocation for adequate fuel to
carry on the project prior to the award or advertising of the invitation to bid.

MAPLE SHADE, N.J.

DeARr Sirs: I have read the Newsletter put out by Mike Gravel, Senator from
Alaska concerning available means of energy. I am writing in my support for
increased allocation for the Research and Development of safe, cleaner, and
possible endless supplies of energy such as windpower. I am also enthused about
the possibilities of the development of boron-11, which bhas the possibility to
operate with 100,000 times fewer radioactive byproducts than conventional
fission plants. It is time we used these safe, clean, and practical means of energy.
Man can make his world what he wants—a rose garden or a garbage can.

Sincerely yours,
) MicHAEL P. SLANE.

Crt1zENS To PRESERVE THE HUDSON VALLEY,
Catskill, N.Y., Deccmber 18, 1978.

Mr. MICHAEL STERN, -
Staff Dircctor, Senate Finance Committec,
New Senate Office Building, Washington, D.C.

DEAR SIr: This letter is written for inclusion in this year's hearing record on
behalf of the Citizens to Preserve the Hudson Valley, which is a citizens group
based in Greene County, N.Y. The background of this organization is as follows:
In February, 1973, the Power Authority of the State of New York (PASNY)
announced that environtnental tests would be conducted at three sites in New
York State (two of them in Greene County) for the purpose of finding a suitable
location to construct a nuclear or fossile fuel power plant. This particular
plant is being planned as a result of the New York State Legislature’s actions
in 1972, which gave PASNY the responsibility of providing for the future elec-
tricity needs of the Metropolitan Transportation Authority.

Our organization formed in opposition to PASNY’s probable siting of the plant
in rural Greene County. We are calling for a nuclear moratorium, state wide and

25.047 O - 74 -pt. 2 -- 9
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nation wide, and a much greater concentration of funds and efforts toward devel-
oping clean energy, such as solar energy.

Our major accomplishments to date are: keeping the public informed, a dues-
paying membership of over 1,000 people, signatures of approximately 5,000
persons opposing a power plant in this area, and the retaining of legal counsel
to assist us.

We stand ready to help in any way possible to bring about a widespread use
of safe, clean energy sources, rather than those sources that endanger the
health and safety of the people,

Yours truly,
Mrs. PAULINE DAvis,

Chairman, Legal and Political Action.,

Carolina, R.I., December 14, 1973.

DEAR MR. STERN: I wish to have my opinion expressed to the Senate Finance
Committee. It is as follows:

After billions of tax dollars and all the years of my life, nuclear fission has
provided no more than 29 of the nations energy. Coupled with its highly
radioactive waste products and incredible waste disposal problem, I should
think that the men that dole out the money would take a good second look.

There is clean inexhaustible solar energy to be developed. There is wind and
wiater power to be utilized. There is the possibility of cleaner nuclear reactions

. using proton-Boron 11. Why isn't the bulk of money goi. s in these directions.

They say a house is usually torn down before it falls down. I personally am
sick of letting things stand that were poor investments to begin with. And with
1 record of little return for the dollar spent, I ask for reconsideration of where
our tax dollar is going. Nuclear fission (uranium and plutonium) is to my way of
thinking, one of the worst investments we've made,

The next part of my letter will ask questions about the oil shortage and its
relationship to money spent. -

Is the oil industry held accountable for any tax and federal subsidies it
receives?

How much money does the oil industry receive to subsidize drilling and oil
discovery methods?

Has the oil industry shown any return on the money spent?

How much domestic crude ofl is processed and consumed by this nation—how
much is exported?

How much money is spent subsidizing the development of technology of safety
devices to prevent spills?

Thank you. '
RoBERTA H. ANDERSON.

TILLAMOOK, OREG.,, December 13, 1973.

To: MIKE GRAVEL,
U.S. Senator, Alaska:
Subject : Your Newsletter of November 30, 1973.

Thanks for the invitation to express some views on the National Resources
Defense Council—The Atomic Energy Commission—The National Environment
Policy Act and The National Science Foundation.

The longer the United State Government continues with the mechanics of
obsolescence, politics, finances and ecclesiastical interference, the quicker it will
go down the drain and the people with it. There's never been a time in history,
especially over the last forty years, that this country has been in worse shape,
It is manipulated by decadent leadership: Has gotten itself embroiled in one
messy international affair after another: Has all but exhausted its most vital
resources through deliberate waste and inefficiency: Has become financially
bankrupted, choked with over two trillion dollars of Price System Debt.

The credit for these achievements must be placed on the door steps of those
mechanics of the Price System.

The years have rolled by what was once a future consideration is now a
Present problem, especially loading the Ocean with radio active waste that will
tell its story all too soon. Tomorrow has become today, and we are approaching
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the deadline for action. Do we have what it takes to put up a scrap for this
civilization? Or have we turned out to be a bunch of slobs not worthy of sur-
vival? An individual with self respéct wouldn't have any trouble making a
decision. Technocracy's “Design” is the only answer or solution to our Problems.

It is hoped that the personnel of the NRDC-—the AEC—the NEPA—the NST
and U.S. Operating Engineering Cooperate to the fullest efficiency to promote
Windpower, Solar Power, Thermal Power as well as other kinds of power using
replaceable resources instead of Non-replaceable.

Enclosed are some Briefs on Technocracy's “Design” of social operation that
you may enjoy.*

Sincerely and Happy Landings,
Ozz1E S. Forbp,

EvwarDd F. WEHLAGE AND ASSOCIATED ENGINEERS,
Whittier, Calif.,, December 13, 1973.

Re Energy Trust Fund Hearings—1 Geothermal Energy as a Nuclear Alternative,

Mr. MiCHAEL STERN,

Staf Director, Senate Finance Committce, Scnate Office Building, Washington,
D.cC.

DEAR SIR: The following material is submitted on the assumption it may have
some interest to the Subcommittee on Energy in assessing the potential value of
geothermal energy. (Per Senator Gravel’s November 30, Newsletter).

1. From—Geothermal Energy Magazine—October 1873 Article “Conference of
Plant Engineers—-Geothermal Paper.

2. From—Consulting Engineer Magazine—August 1973 Article “Tests Run on
New Prime Mover for Geothermal Power Generation.”

3. Interview with Roger S. Sprankle on electric power production with the
Helical Screw Expander.

Sincerely yours,
EpwaArp K. WEHLAGE, Professional Enginecr.

*The briefs reterred.‘ to were made a part of the official flles of the committee.
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CONFERENCE OF PLANT ENGINEERS
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EDWARD F. WEHLAGE, P.E.

INTRODUCTION

The Astronauts have pretty well demonstrated
that heaven is a little farther out there over our
heads than we thought it was. Now, the geother-
mal boosters appear to be bent on proving that
HELL is a lot closer down there under our feet
than we expected. It does seem pretty hot down
there.... Which is what most of us expected —

anyway! ! !

While trying to look in on the future of plant

engineers using geotherma! and hydrothermal
energy, | must be more of an observer than a
geothermal expert. All crystal balls get cloudy
once in a while, so | am sure that some of my
friends who are real geothermal experts may take
strong exception to some of the things | see ahead.

My own enthusiasm for geothermal energy has
to be tempered by my judgement of what | might
find in practical plant operating experience. In
general, | see a wonderful opportunity ahead to
save great quantities of fossil fuels . . .. but an
opportunity marked with some problems that will
range from mechanical and chemical . . . . to
money and human beings.

So why don’t we take a look at my crystal ball
for a while and try to see what might be ahead for
plant engineers as they begin to use geothermal
and hydrothermal energy?????

PLANT ENGINEER'S RESPONSIBILITY

At the turn of this century, the plant engineer
may have worshipped on Sunday with his head
in the cylinder of a recalcitrant steam engine,
but he was usually the local power expe?. Today,
his counterpart has assumed the role of a broadly
experienced engineering manager for industrial
housing and production facilities'- still retaining
the same primary interest in fuel, power and
energy.

Around 1900, just about every establishment -
industrial, hotel, office building, hospital, college
campus, or brewery - bought fuel and its own
producer of power and heat. As an engineer
"The Old Timer" was facing change, just as every
plant engineer today is confronted with crises.

JUNE 14, 1973
Los Angeles

The age of the public utility as a central source
was yet to come, but labor and management pro-
blems, economics, and technical growth were al-
ready working toward a major change in power
ptant (and energy) practices.

In 1973 new circumstances are creating
challenges for industry power practices. Plant
engineers are going to be intimately concerned
because their departments will be the users of any
new technology, and iron out the "bugs”. The
need for changes in the industrial power field,
for heat conservation, for power reduction, for
better buildings, for lower heating and cooling
costs, is both imminent and real, and must affect
industry and utility practices. .. .. perhaps calling
for some form of on-site power.

CRISIS NOW — REALLY IN CHEAP POWER.

While it may be near, if there is a crisis today it
is more in the realization that the end of an era is
at hand. [n the United States today, no one can
say he has been seriously harmed by any fuel and
power hardship. So far the hurt is that more
people are becoming aware that something un-
certain, and probably painful, appears ahead. The
crisis is not with energy of any kind . . .. the true
immediate crisis is the approaching end of an age
of Cheap Power and Energy in the U.S.A. and the
world at large.

The real crunch lies somewhere in the twenty
five years ahead. We must live and work against
that uncertain day and narrow the serious gap
between or rising “power use" curve and *'pop-
ulation growth"” curve. A quarter of a century
passes quickly. | recall being taught at school
during the 1920's that there would be little coal
and no _petroleum available by 1940, We all
realize that the day of doom did not arrive as
predicted but now our forecasters are better
equipped to look ahead now than they were 50
years ago.

The sources of liquified natural gas in foreign
countries and the relaxation of import quotas on
oil can relieve pressure on our domestic needs for
several decades . . .. if we can stand the money
strain.  The plain fact is that our American in-
dustrial system is not producing. . .. some of our



695

The Flow of Energy in an Industrial Soclety 81

10"

10°

FANN\N

N

4

10"

POPULATION
3
= E
Uz
ENERGY CONSUMPTION (BTU)

_7 )
10’ 10

1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000

US. ENERGY-CONSUMPTION GROWTH (curve in color) has outpaced the growth in
population (black) since 1900, except during the energy cutback of the depression years.

" «+INDEFINITE GROWTH IN ENERGY CONSUMPTION, AS IN

HUMAN POPULATION, IS SIMPLY NOT POSSIBLE."
EARL COOK IN SCIENTIFIC AMERICAN

@ADAPTED WITH PERMISSION
ALL RIGHTS RESERVED.

SCIENTIFIC AMERICAN



606

GEOTHERMAL ENERGY - OCTOBER, 1973

products are not saleable abroad and our salesmen
are not selling for a counterbalancing export
economy. In other words, we are losing out. |
was in Europe last January (before devaluation)
and the U.S. dollar was not what it ought to be.
Payments for imported oil will place large amounts
of U.S. funds in the hands of foreign (and perhaps
unfriendly) oil interests. Already there are pro-
posals for exchanging U.S. obligations for control
of our domestic corporations. Plant engineers may
awake one morning to find they have a new breed
of boss installed by foreign oil potentates.

SUBSTITUTIONS?

One forecast for the year 2000 predicts U.S.
industry will use 55% of the electric power pro-
duced from all sources - nearly doubling 1970 re-
quirements. Can we afford this if costs increase
as promised ? No plant engineer working today
will survive to again see low and competitive
prices for fuel and electricity. If circumstances
combine in the worst way, what can we do about
it?

We know the plant engineer is going to be
forced to upgrade performance, institute rigid
conservation measures, use waste heat and look’
for new sources that are applicable to his opera-
tions. Social pressures, and the pressure of costs
will require whole new methods in industry, even
to gelting a new location for plant operations.
The demand for new sources of heat and power,
in the face of rising prices, will force consideration
of things like nuclear packages, solar heat and,
particularly in the Western U.S.A., Geothermal
and Hydrothermal energy.

THE EARTH'S HEAT

Geothermal is precisely what the derivation in-
dicates - using the earth as a source of heat. There
can be no question but that the potential is vast
and real, but when utilization is considered we
stand at a threshold comparable to the use of the
steam engine at the time of Watts and Newcomen...
perhaps a marvelous discovery, but how can we
use it and will we find problems ?

The laws of physics which govern engineering
and thermodynamics have not been repealed. The
challenge is to learn where the factors of friction
loss and heat dissipation impose a sudden halt,
Plant Engineers.are going to help determine this
by hard practical experience as they find it
necessary to move into this field and utilize it for
industrial heat and power. The true future of
geothermal and hydrothermal heat rests in rela-
tively low temperature applications and that
future will only be realized when these sources
are developed and proven so Plant Engineers can

literally buy them "off the shelf' and put them
to work.

AN INDUSTRY ~ UNREADY

Now we must nurture an entirely new industry-
Geothermal - which today has no effectively
developed technology for utilization. Except for
a certain few ideal electric power generation areas,
there is no widespread experience on which to
base the actual use of geothermal. There is a
long road of learning and hardship ahead for geo-
thermal application in the U.S.A.

For years, the entire geothermal establishment
in the U.S. has worked hard at exploring a geo-
logical curiosity by drilling prospective wells,
buying and selling leases or property, fighting
tax procedures, and learning what may be in the
ground, but with virtually no thought or research
devoted to anticipating the use of the heat if it
suddenly became abundant. The trend of thought
has been directed toward a vague hope that the
electric power producers would be miraculously
torced to develop the utilization facilities.

The learned institutions, the 'think tanks", the
utility companies, and our government agencies

* have delved deeply and the results are in volum-

inous paper reports. As far as | can determine,
there is very little money currently aliotted for
down to earth working study of equipment except
the Imperial Valley desalination project funded
by the Bureau of Recltamation, U.S. Depart-
ment of the Interior, and the Magmamax tests at
the Salton Sea. In a few instances, limited private
money is being spent.

We now face a difficult opportunity without
adequate practical experience and without funds
to cope with the problems thrust upon thowe who
would like to deliver results in today's geothermal
world. There is a seriously felt need for real
practical working information now - when we are
already at least ten years behind.

It is a popular misconception that geothermal
will be the solution to all future heat problems.
The implication has been that any hole drilled
deep enough into the earth will be connected to
a power generation station to deliver unlimited
electrical energy for all time to come. For those
people who believe that “science with enough
money can solve every problem” in the geother-
mal field, | can only suggest a visit to some of
the present day hot water wells to learn of the
serious corrosion and mineral deposition prob-
lems - the kind which are so familiar to plant

" engineers everywhere.

SERIOUS DIFFICULTY AHEAD

The greatest single danger is that uncontrolled
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enthusiasm and impractical efforts - without ade-
quate time for work and practice - could turn
realization of the true merit of geothermal energy
into a great boondoggle and set back its real
progress for another twenty five or fifty years.

We have a national tendency toward an “out of
sight - out of mind" philosophy. Not untila
nation-wide problem gets tso big to hide do we
encourage doing anything constructive. By then
the problem is usually too big and complex to
solve reasonably. An awful lot of people just are
not getting the message that we should be walking
briskly toward a goal - neither sitting and talking-
nor running wildly.

SUCCESS AT HAND

A few fortunately situated areas of the world
have achieved remarkable success with the pro-
duction of electrical power from geothermal
steam. The world’'s crown jewel of geothermal
fields for electric power production is a rare dry
steam source at The Geysers here in California,
with the guidance of Pacific Gas and Electric
Company, it will have nearly 400,000 kilowatts
capacity at the end of 1973, and 106,000 more
in 1974 and again in 1975. This is the only com-
pletely private investor geothermal utility oper-
ating in the world. Government sponsored
operations in ltaly, Iceland, New Zealand, and
Mexico (the newest) are impressive - and practical.
| am not really certain just who really owns the
plants in Japan. Each installation has its own
special merit - with a corresponding set of pro-
‘blems - and a common denominator, they work. ..
as long as there is a matching steam turbine cycle.

HOT WATER AS A RESOURCE

All around the world hundreds of exploratory
and producing wells are being put down with the
idea of building central electric power generation
facilities and extending those already in successful
operation. Not all of these bores will be suitable
for large scale electric generation and these are the
locations which are most likely to become avail-
able for industry requiring rather large quantities
of low temperature heat - say under 3500 F. The
best high temperature sources, will of necessity,
be given over for utility power generation. There
are already many good hot water wells and more
will come.

Hydrothermal Energy is available as heat and
pressure stored in earthbound hot water. Under
sufficient natural heat it will be usable in many
plants requiring heat for processing. It will be
widely available for pumping at temperatures
below 350° F. In the depths of the earth this
water may become a brine stored at temperatures
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of 600 to 8000 F. but in nature it seldom reaches
the surface above the boiling point. At this time
there is a great need for bore hole pumps which
can lift the very hot water some 3000 feét out of
a ground reservoir and deliver it for use. There
appears to be no practical pump design in exis-
tence at the present time - another plant en-
gineering problem.

If fuel oil were to sell at $ 0.75/gallon, or more,
then there would be some real commercial and
industrial interest in searching out, in lgasing, and
in buying hydrothermal heat sources. Industries
and whole communities will then probably be
sited where this heat is available if oil, gas and
coal get more scarce in the next 25 years - and
certainly sooner if the supplies fail. Geothermal
heat is already competing on an even basis with
other fuels as fuel prices rise and its use must in-
crease with the passage of time.

OLD & NEW USES

Traditionally, the outlet for this hydrothermal
energy has been in spas for comfort and therapeu-
tic purposes with a history of several thousand
years. More recently, hot water from thermal
sources has been put to use for heating in areas
where conventional fuels are harder to buy. In
Northern California, !daho and Oregon many
homes are already heated with hot water from
wells. The Mormon Church at Susanville has been
heated with hot water for many years. Recently,
Lassen County advertised for bids to heat a shop
with hot water to be taken from a well. In
Nevada, explosives are melted with hot water
since it is both safe and available. Warm (and
often cold) water wells provide a heat source for
heat pump applications. There are other uses, too,
and these practical ideas offer a sign post for the
future.

Iceland makes excellent use of hot water which
is delivered and metered on a utility basis at 80°C,
for the capital city of Reykjavik. In lceiand’s
far north, geothermal steam is separated from
hot water and used to generate some electricity
and to dry diatomaceous earth in a commercial
plant operation managed by Johns-Manville de
France and Kisildjan H.F. {The lcelandic Dia-
tomite Company, Lid.) . Farm houses, homes,
hotels, hospitals, small industries and commercial
buildings utilize this hydrothermal energy in a
manner that is most socially advantageous by
reducing fossil fuel imports. No one else manages
it so well today.

In the use of this hot water and high enthalpy
brine, heat exchange equipment will usually pre-
sent all of the problems now familiar to plant
engineers.  Corrosion resistant materials and
special plastic coatings will be required to keep
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equipment in service. The deposition of mineral
substances when the hot brines are cooled presents
a severe hazard.

As the hot water circulates in the depth of the
earth at high temperature, it picks up about every
mineral known to man - calcium, silica, iron,
magnesium, boron, and mercury. Some obnoxious
sulfur compounds abound - Mother Nature must
love: sulfur, she has so much of it.

While certain types of hardness may precipitate
out on temperature rise in ordinary water heating,
the solubility of silica rises with the temperature
and may give disastrous scale formations for geo-
thermal equipment - just as it does in boiler
service. An entirely new water treatment tech-
nology must surely evolve with any increased use
of hydrothermal energy.

TRANSPORTABLE POWER

Fossil Fuels possess the unique quality of being
both transportable and capable of being stored for
use. Electric Energy is highly refined power and
is extremely well adapted for transportation. Raw
geothermal and hydrothermal heat is not trans-
portable over any appreciable distance and must
be utilized almost “in-situ’. The net result is,
that to make it transportable, it must be con-
verted at low efficiency by electric power genera-
tion (where possible), or better yet, utilize every
B.T.U. for direct process in an industrial plant
compley located near the source, and then trans-
porting a product.

It can be forseen in a geothermal age that any
industrial installation may be required to have
some ‘‘on site” power generation capability to
meet electric demands. For an industrial project
to become self sustaining in energy, there may be
a reversion to the days when some "water power"
was a sine qua non for a manufacturing site, A
capability to produce - or find - domestic and
process water will also be tied into site require-
ments.

EQUIPMENT IN EARLY STAGES

A promising geothermal prime mover is cur-
rently being developed and tested by Hydrother-
mal Power Company, Inc. using private funds and
under the guidance of Roger S. Sprankie. Des -
cribed as a *'Helical Screw Expander”, the mach-
ine utilizes hot, pressurized, geothermal fluid as
an energy source in a reverse cycle of the rather
new screw compressor invented in Sweden for air
and gas. The expansion of the steam released
within the machine and the available fluid pressure
combine to deliver rotary power with a steam/
water mixture direct from a well. | witnessed the
start-up of a test at the Cerro Prieto field in Mex-

ico and it can successfully produce power from
hot and corrosive well effluent, quietly and appar-
ently without excessive wear. UtiliZation of the
exhaust in process work could make it quite adapt-
able for industrial use. The U.S.A. geothermal
production industry has not expressed any serious
interest to date in developing use of this machine..
A “geothermal water wheel"'.

A community requiring central coollnq andheat-
ing from a hydrothermal field for the comfort of
people, or for an industrial plant, can be served
with a central circulating supply system. Many
of the potential working sites will be in areas
where heating and cooling is needed for comfort.
These requirements can be easily met without de-
mands on fossil fuel supplies where geothermal
or hydrothermal energy is at hand, especially if a
device like the Helical Expander develops as pro-
mised.

In our office we have already produced designs
for water chilling and heating modules that have
stood the test of several years of operation in the
desert areas of Arizona. We have dasigned these
to work as modular packages. At this time we
have completed the design for such a modular in-
stallation in multiples of 100 tons refrigerating
capacity with special helix coil heat exchanger
equipment to use a geothermal or hydrothermal
source of heat.

These packages can be modified and muitip-
lexed for installations ranging up to 1000 tons
per group. A simple earth insulated distribution
system can serve a community of substantial size
to deliver heating and cooling, just as the city of
Reykjavik, Iceland, serves domestic hot and cold
water to its hoines and buildings.

RUSSIA EXPERIMENTS

In the field of small geothermal electric genera-
tion units, the USSR offers evidence of achieve-
ment at a location in Russia called Pauzhetka.

The steam/hot water wells are about 1000 feet
deep. Steam is separated from the water and
delivered to the turbines at 1 to 2 atmospheres -
say 20 psig. The plant is rated at 5 Mw and
generates 35,000,000 kwh annually for a collec-
tive fishing village 20 miles away. At a cost of
7.2 mils./kwh, it is 30% below alternative power
costs.

The low steam pressure at the turbines in-
dicates what might be expected at relatively good
geothermal wells. This is not disconcerting when
one considers that several excellent industrial
applications in the U. S. A. have utilized four
pound steam in turbines. The steam rate may be
high per unit of output, but the replacement of
of a very important quantity of fossil fuel can be-
come extremely valuable.
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U.S. A, TRIAL

Most of the promising generation schemes at
present offer relatively small capacity units when
compared with the major utility central stations
and this may call for some change in thinking.
The utility companies are basically large scale
power manufacturers with retail level distribution-
not retail level production. One pifFe-current
and untried preposals in the U.S.A. is for the
“Magmamax’' process which (at present) typifies
the use of a binary cycle with a probable modular
capacity of 10,000 kilowatts each.

The "Magmamax' system requires the use of
a secondary fluid, in this case isobutane, to ex-
tract the heat from a ''dirty"” geothermal fluid
in a boiler and to expand the pressurized vapor
in a specially designed turbine to produce elec-
tric power. The respected pioneer in the U.S.A.
. geothermal field, Magma Energy, Inc., has joined
with the San Diego Gas and Electric Company
to construct a research facility at the Salton Sea
to study the use of large quantities of hot brine
with total dissolved solids reaching the range of
30% - 300,000 parts per million.

ANOTHER RUSSIAN TRIAL

The USSR has also reported some important
information on another binary, or two fluid,
cycle for a geothermal application. While the
entire Western hemisphere has no working, or test,
binary cycle geothermal power plants, the
Siberian Branch of the USSR Academy of Science
has reported on actual operating tests at Para-
tunka, Kamchatka.

Freon vapor is generated with hot spring water
at 181° F. to 1979 F. The vapor is delivered to
a turbine with some superheat at a pressure of
196 psig (13.8 atmospheres) and condensed with,
. 590 F. water. This plant is small - in the range of
750 to 1000 kilowatts. It has the especially
interesting capability of becoming no more com-
plex than our commonly used centrifugal re-
frigeration units. Managing a plant of this kind
would certainly present no problems for plant
engineers in the U.S.A.

FARMS AND INDUSTRY COMBINED —
A WAVE OF THE FUTURE?

The Siberian power plant also supplies thermal
water to what | would like 1o term “Agro-Geo-
thermal Production Facilities”, This may offer the
most valuable social-economic potential for both
geothermal and hydrothermal resources since it
combines power and heat for industrial facilities -
and matches them to foed production in a world
of high priced energy. Hydrothermally heated

greenhouses are already used in the U.S.A,, Ice
land and Hungary.

Studies of potential agricultural complexes and
total energy requirements show a similarity be-
tween the requirements of our Wastern U.S.A.
desert areas and the '‘developing countries’. As
fuel prices rise, portions of the western agricul-
tural system must necessarily turn to the low
temperature hydrothermal sources.

Many agricultural products can accept hydro-
thermal and processed water between 50° F. and
100° F. Cucumbers, lettuce, tomatoes, endive,
etc., seem to like this range of temperature. The
TVA and the University of Arizona conducted
experiments with diesel exhaust heat for green.
houses. Farm animals and poultry showed im-
proved growth in certain temperature ranges. The
State of Califcrnia has warm water fish hatcheries.
Catfish grow well and have been produced com-
mercially with warm spring water.

The approaching 1980's may bring many of
these agricultural-industrial complexes, which, out
of necessity, may be huddled around geothermal
and hydrothermal sources of heat to use this
energy where it is available and probably where
the electric power generation capability will be
low. When the money value of this heat is 1ight,
its use will be mandatory.

PROGRESS VERSUS INGENUITY

In making haste, and if a government sponsored
“crash program’’ develops, the geothermal research
should be hardled calmly and wisely lest its value
be overestimated in the face of technical reality.
Some progress is going to get inte social and
political territory and face opposition from people .
concerned about our world in general, and from
those who are earnestly opposed to change -
needed, or not. At the same time, any possible
gross pollution of any kind can no longer be
permitted in a maturing world.

There must be ingenious readjustment. For
example, in Japan the geothermal power stations
are rather neatly incorporated into park areas. If
we are to have a fuel starved U.S.A. should there
be a smokestack in a National Park where huge
volumes of hot water are dumped into the
streams ?  Fossil fuel is hauled for miles to be
burned at Yellowstone Park.

When a pinch comes, can our thinking adjust to
a change in the procedure ? The idea prevails to-
day that we may only "look” in the interest of
esthetics - and allow the waste of Nature's gift.
Already there may have been proposals to drill
geothermal wells, out of the visitor's view, to
heat the park buildings, and the time may come
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when such ingenuity will be a typical requirement.

There are many points of concern to face.
The earth's inner heat seems to be just about in-
exhaustible - but how much of it can we reach ?
It is not very close generally.- Even when tied into
a "dry rock” source, a superheated hot water
line 30,000 feet long and buried in the earth
offers a few tough angineering problems.

It is not the purpose of this review to explain
the various types of geothermal phenomena and
the reasons why it is readily available in some
places and not in others. Still, it must be made
clear that all present thermal manifestations and
reasonable sources for geothermal utilization are
completely tied to the hydrological system of
the earth being available with sufficient water to
transport the earth’s heat to the surface. .
Volcanoes excepted.

MANAGEMENT NEEDED

Responsible management of all geothermal and
hydrothermal resources will tax the skills of the
technical, engineering and scientific communities
for some time to come. The history of the
management of the world’s water supplies is not
a reassuring one. Many of us remember the
passing of the free Ylowing water wells, and the,
one time widespread, use of well water for “free"
air conditioning - and some of the problems that
went with the use of that well water. We cannot
safely predict that experiences with scaling, corro-
sion, failure of wells, loss of supply and land
subsidence will not be the lot of the plant engineer
with widespread use of the earth's heat sources.

We shall need this heat , , , , in due time ....
and who knows to what extent ? The develop-
ment time is now and plant engineers must expect
to be ready for real progress in future years.

Plant engineers will be in the front line of the
battle to manage these conditions so as to assure
a minimum impact on the face of the earth and
yet meet the need of all people for their physical
well being - for warmth and food, as well as for
power. Legal, fiscal, social and environmental
policies will involve each engineer's skill to the
utrnost as geothermal joins other heat and power
sources duriny the rest of the 20th Century - and
a long time after that.

ENERGY
"RISIS 2

. DEVELOP
GEOTHERMAL POWFR

‘SNOOPY’ TO JOIN NIXON
ENERGY PLAN

WASHINGTON (AP)— With the Middle East war
casting new shadows over U. S. fuel imports, the
Nixon administration enlisted the cartoon char-
acter Snoopy today as the symbol for a massive
campaign to conserve energy supplies.

President Nixon received a citizen's advisory
committee report on ways the public can help
ease predicted fuel shortages this winter.

In addition, top administration officials gave
Nixon reports on how the government and pri-
vate industry are moving to conserve energy sup-
plies.

The national energy conservation campaign will
seek to cut energy consumption by five per cent
this winter. Among the steps outlined were:

—Adoption of cartoonist Charles M. Schultz’s
character, '"Snoopy,” as a symbol for a "Sav-
Energy'’ campaign with distribution of advertise-
ments to the media and energy conservation kits
to the nation's schools.

—Widescale distribution of energy-saving hints
to consumers, including a suggestion that home
thermostats be lowered by four degrees this winter
to save 400,00 barrels of oil a day - the estimated
amount of the winter's heating oil shortage.

~An extensive program to promote energy
conservation by the’ business community, and
continued steps by federal, state and local govern-
ments to cut energy consumption.

SENTURION SCIENCES

EXPLORATION AND ENGINEERING

6945 E. 11 St.

P.O. Box 1544
Tulsa, Oklahoma 74115

(918) 836-6746
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Tests Run on New Prime Mover for
Geothermal Power Generation

EDWARD F. WEHLAGE, P.E., Electrical-Mechanical Consulting Engincer

T aw a second and third “Lamp”
being hung up in the Westen
Hemisphere's “geothermal - finna-
ment” during the month of Apnl.
The fint, as engineers know, iy the
older and Jarger stations at the
Cevsers installation in Sonoma
County in northem California, It
was the first successtul geathermal
clectrical power generation facility
outside of Ttals and New Zealnd.
Now it has been poined by a major
Mesican plant and o tiny test gen-
erator. Together they represent the
entne geothermal - generation in-
dustiy in the Western hemisphere.

The new additions = a 73.000
Kdowatt generator station and the
v\pminu'nlall operation to test a
new tope of prime mover — are lo-
cated i the Lot water and steam
fiecldy developed by the Mesican
govermment at Cerro Pricto. Baga
Calitornia, According to the best
intormation available, no geother-
mal test site was available w the
USA while Mevican  geothermal
dectopors were willing to help
wath the development by makimyg
ate and aowell available for the
tnal. The solution is an unused
geotheimal well fess than o nule
trom the Mevican generating plant.

The proposed geothermal  fuid
prime mover being tested is named
the “Helical Rotars Scerew Expand-
er” by ity developer. Hvdiothermal
Power Company, Ltd.. of Pasadena,
California. It was adapted for re-
vene operation from a selatively
new tupe of air and gas compresson
developed in Sweden. This unit, the
Lysholm rotary screw cempressor.
h..n moved into a slmn:.pnnlinu
for large air and gas instdlations.
Now teats of the evpander at Cer-

10 Pricta indicate a great potential
tor practical applications on a
Luger scale for scothermal power
gencratung,

The small experimental machine
win stated wathout  fanfare and
startedimmediately to generate
cleetric power. A Lot misture ol
steam and salty brine began to
flow through the unit with the
tum of the throttle valve and the
espander began to rotate the gen-
woator rather guietly. The fint in-
dication of power was the lighting
ol a lunp in an ordinary extension
cord — rather incongruous in the
middav brightness of the Meai
can desett. Ay more electie load
wins added to the generator it dem.
ontrated its ability to deliver some
60 hilowatts from a wet and “duty”
geothermal brine that wonkd quick-
Wodestior a0 conventional steam
turbine generation unit.

Background of Development

Roger S, Sprankle. a young Cal-
itomia mechanical  engineer, has
devoted at Teast three years to the
devclopment of the geothermal .
pander to utilize the hot water
encrgy in the “wet”  geothermal
ficlds and to reduce or climinate
problems with erosion il cono-
sion. Both of the kiter have been
serious threats to the  continued
we of conventional steam turbines
with “wet” geothermal  steam.
Sprankle feeh. and the test runs
seem to confirm, that the rotay
evpander will eliminate these prob-
lews andd abo permit wtilizing much
of the heat and energy wasted in
the espandding and fhashing o geo-
thenmal brines to release tor a tar-
bine generator.

AUGUST 1973

BEST AVAILABLE COPY

The  relatively amall - capacity
vaident at the beginning of the ro-
tary expander development bas not
attracted utihty company interest
so far. Probably this lack of con-
cemis an outgrowth of utility pre-
occupation with large-seale gener-
ating units i the range of 1000
megawatts, The present potential
of a geothermal epander may be
limited to about 7.3 megawatts and
by well capacity.

A miajor problem in earlier at-
tempts to utilize wet geothermal
steam has been the inalulity of
steam turbines  to aceept I;ug(-
amounts of moisture, sand p.lr!i-
cles, and dissolved minerals. A 1o-
tany power prochucer like the heli-
cab expander, which can aceept rel-
atively dinty pressurized hot water,
will open entirely new arcas for
research and development for geo.
thenmal applications. The hot wa.
ter decreases in pressure as it flows
thiongh the rotors and Iiherats
steam so that the low level eneign
is ntilized and not wasted. So Lo,
teals indicate the basic machine
can be readily adapted to different
mlet conditions which might be
typical at future geothenmal sites.

Fiekt obsenations of its pertorn-
ance leads to a conclusion that the
machine does, in fact, operate, Me-
chanical refinements will be neces-
sarve but arger size generation
units appear feasible. In smaller
sizes, it may ulthnately serve many
remote geothernal areas with
urgenth needed power facility —
literally o “geothermal  water
wheel” There must be an evpand-
cd interest in generation devices of
this Kind if the USA s to cateh up
in geothermal development, 44

CONSULTING ENGINEELR
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For more information contact:

INTERNATIONAL SOCIETY FOR GEOTHERMAL ENGINEERING, INC,
P. O. Drawer 4743, Whittier, Ca. 90607
(or telephone: Edward F. Wehlage, 213-699-3780

A UTILITY MARKET WOULD ASSURE EARLY GEOTHERMAL
ELECTRIC POWER PRODUCTION

CERRO PRIETO, Méxicoz - In an interview and discussion,
Roger S. Sprankle, Hydrothermal Power Co., Ltd., of
Pasadena, reported that serious efforts are being made by
his company to get ge&thcrmal electric power on the United

States market as soon as possible.,

"Give us an electric utility to buy our energy output and
we will build a geothermal power plant to produce electric
power. Our prototype geothermal electric power generating
unit is now operating in the geothermal field at Cerro
Prieto, ‘Mexico where the Mexican government has extended
its cooperation. Our company has the only geothermal total
flow generatioq unit in the world which is currently in
operation using thé raw hot water output of a hydrothermal
well, without separators and a steam turbine plant, As a
result, with our system there is no nced to delay while

locating and developing a dry steam field for an extremcly

-~large turbine power station". )
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"We ate reday with oour coulpnent - you t¢an see it run, touch

1t anu cobEeLveN\a unit i vperat.oen, Civen a3 site where

pressuriced hot water is available, scme U.£. and State

governme:t cooperation, and a purchaser for the electric
power wihich wo van produce, our group will be immediatcely
ready to undecitake, finan. .- and develop a power plant for

geothermal clectric power output”,

The backbone of the system is the "Helical Rotary Screw
Expander", a prime mover developed for gcothermal power
production which Hydrothermal is currently demostrating

and that 1s gcneirating electric power for test loads near

the Mexicarn government's 75,000 kilowatt geothermal generating

statiorn placed in opcration dur:ing April 1973,

L 4

25-047 O - 74 - pl, 2 -- 10
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Engineering Society
is proposed for practical applications to

assist in developing a new industry

A new technical and professional society has
now been established to furnish a working
platform for the advancement of applied
geothermal and hydrothermal energy. The
international Society for Geothermal Engingér-
ing, Incorporated, is planned to encourage the
free interchange of applied engineering data,
technical information and knowledge to expedite
the growth of a needed industry.

Over the last decade or two, geothermal and
hydrothermal knowledge has grown like the
proverbial “Topsy" - and with about as much
consistency, largely for the lack of a gathering
placé. During its infancy it has been a matter of
geological curiosity and concern. Now this
knowledge is approaching a more mature and
urgent status.It ceases to be a matierof geology
alone because it must be put to use, in view of
the energy crisis.

The scope of work is currently acquiring a
working and practical stature which requires an
applied technology embracing electrical, me-
chanical, civil and structural engineering tech-
nologies. 1t is distinct, in that its nature
embraces a degree of “geothermal art” which
might be well defined as “science applied”, yet
requiring a special understanding of its
peculiarities.

The need for a technically oriented organiza-
tion (aside from any potential benetit for the
industry) functioning on a wide basis has been
accentuated by several occurences during recent
months when editors and advertising directors
have given less than favorable attention to the
potential of geothermal and hydrothermal energy
for future needs.

In each instance, when challenged, THE
ANSWER HAS BEEN THAY THEY WERE
NON-TECHNICAL REPORTERS CAUGHT IN
THE MIDDLE OF ARGUMENTS AMONG EX-
PERTS. One answer to this information gap is a
working society dedicated to fitiing that gap
about practical use of this type of energy.

The basic aims of the corporation are fourfold:

1. Observe, record, visit and accumulate
information and history of past, current and
future geothermal and hydrothermal develop-
ments in the light of applied technology,
scientific research and the effect on social and

EXECUTIVE DIRECTOR
EDWARD F. WEHLAGE. P.E.

economic spheres - augmenting, but not
replacing the work of other groups - especially
the irreplaceable geological activity. Coordina-
tion with other energy source applications will
receive serious attention.

2. Endeavor to provide a common meeting
ground for technical, scientific, economic and
political views related to geothermal and
hydrothermal usage through a free interchange
of knowledge and information.

3. Endeavor to build a working library of
publications, books, papers exhibits and other
materials relating to the use of geothermal and
hydrothermal energy, and make it available to
those associated with the society. If possible,
this would be accomplished in cooperation with
established central engineering libraries to
provide maximum access.

4. Present data, furnish information and assist
editors, legislators, researchers, and others with
sound, factual geothermal and hydrothermal
data and background materials to encourage
sound development and growth in this type of
activity.

The Board of Directors of the Society will work
with others and the Geothermal Engineering
Foundation for the purpose of acquiring funds
and sponsorship to carry out independent and
contracted research or development for geother-
mal and hydrothermal applications, methods
and machines. The award of high school,
college, & university scholarships and similar
activities would be one of the ultimate goals in
this phase of the Society. Political effort and
lobbying for legislation will not be involved.

The organization is established to function as
a non-profit corporation under the laws of the
State of California. Work is In progress to secure

' atax exempt status under the regulations of the

Internal Revenue Service.

Active cooperation with other societies in the
many related disciplines and activities will be a
part of the basic philosophy of the Society to
accomplish the most effective utilization of all
efforts in the scientific, engineering and
educational advancement of the energy applica-
tion. (Cont'd next page)
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Several types of- membership will be used to
make the work of the soclely avallable to the
greatest number of interested people. Appropri-
ate membership certificates will be issued upon
acceptance of applications by the Board of
Directors.

These memberships will be non-voting, except
in the authorized chapters or subdivisions and
the affairs of the Society will be conducted for an
indefinite period by the Board of Directors
established with the initlal incorporation. No
general, widespread meetings will be scheduled
untit the organization Is firmly established.
Efforts will be made to secure publications, etc.
for all participants at a special price.

Inquiries are welcome. The form below is for

your convenience.

INTERNATIONAL SOCIETY FOR GEOTHERMAL

ENGINEERING

P.0. DRAWER 4743, WHITTIER, CALIFORNIA
qoto]

PLEASE SEND SOCIETY INFORMATION AS
AVAILABLE FOR MEMBERSHIP

NAME

ORGANIZATION

MAILING ADDRESS -

ciry STATE

TELEPHONE COMMENTS



710

WiLLINGBORO, N.J., December 11, 19783.
MICHAEL STERN,
Staff Director, Senate Finance Committce,
New Senate Office Building,
Washington, D.C.

DeAR MR, STERN: The Senate Finance Committee should not only fund clean
energy sources such as solar and geothermal energy, but should also stop huge
sums of money given to the Atomic Energy Commission. The AEC represents a
gross empire feeding on its millions of dollars with no regard to citizen or resi-
dent groups—fighting or living near proposed atomic plants. They represent the
worst llaison with vested interests, the power companies, as evidenced in scan-
dalous private campaign funding by vested interests.

As well as spending money—my money—why doesn’t Congress make policies
of design with nature instead of against it? All these glass skyscrapers lose
more heat in winter and need more air-conditioning in summer. Can't even open
windows in many new buildings on a comfortable spring or fall day. Ventilating
machinery goes on no matter what the climate.

Let’s have a policy against the horrible signs along our roads, Drivers shouldn't
be driving so fast that they can’t see a gas station a mile ahead anyhow:.

I resent the tax writeoff big oll companies have received as they all built too
many gas stations in one area anyhow.

I resent Con. Edison’s dam and disfigurement of Storm King Mountain on the
Hudson in New York.

I don’t think environmental or aesthetic values have been any more respected
by our power or ofl companies than my pocketbook,

Yours truly,

NANcY C. JAck,
Kansas City, Kans., December 9, 1978.
Re Proposed Energy Trust Fund.
MICHAEL STERN, .
Staff Director, Senate Finance Committee, Subcommittec on Energy, New
Senate Ofice Building, Washington, D.C.

DEAR MR. STERN : I am very much in favor with what I understand to be pro-
visions for the establishment of an Energy Trust Fund.

Please apprise me of any additional hearings you have scheduled. Unless one

is held in or anywhere near metropolitan Kansas City, I probably cannot appear
in person due to considerations of time, money, a full-time job, and the gaso-
line shortage. In the absence of my physical presence, let this be considered a
statement, and let me know if further statements would be useful at some future
time. First class postage will increase soon, but the mail still flies cheaper than
I do.
A proposed Energy Trust Fund to deal with the nation’s energy problems could
be a good thing. Studies doubtless will be made to determine if such an entity is
necessary, or whether its intended functions and purposes could be assumed by
some existing agency or arm of our Federal government. In any case, the idea
merits the necessary assessment of its value. :

Thin voices predicting an energy crunch for the past five years or so have been
dismissed lightly as those of nuts and extremists, and they are without honor
now that we have a full-blown energy “crisis.” In fact, those who had the temer-
ity to predict an energy shortage now are being blamed for it, and the demand
is being made of them “Why didn’t you tell us?” Very unfair.

Your Senate committee and Energy subcommittee Anow far more than I sus-
pect about such things as wellhead prices, oil import quotas, subsurface mining
safety and performance regulations, the environmental destruction of strip-min-
ing, the availability of emission controls on fossil fuel powered generating plants,
and a host of other things.

If nothing else, the current energy problem is forcing us at all levels of con-
cern to look at alternative sources of clectrical energy, of which there ap-
pear to be many. Of all the natural sources of energy there are, in fact, it seems
rather strange over the long view that we have not seriously as a nation even con-
sidered sun, wind, tide, geothermal and other real potentials. In a quarter of a
century and with billions of tax dollars, we have well nigh proved that the
promise of atomic power was at best lllusory, and in practice, ineflicient and

hazardous to life.
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We need not perpetuate our unfounded hopes, mistakes, cost-over-runs, na-
tional pride or scientific failures, however.

No one got excited over mere energy ‘“problems,” but now that we have an
energy ‘‘crisis,” activity to ward it off has increased. Until very recently, how-
ever, most efforts aimed at heading off the energy crisis have been of the
“wrong"” kind—levering up prices and finding additional deposits of fossil fuels
we know are in finite supply and extractible at terrible cost to our environment.

Such obvious sources of real electrical generating power as sun and wind
have been ignored deliberately by our entire power industry heretofore. The
industry now has the incentive to seriously explore alternative sources, and
again with help from the Federal treasury. Not nearly as much Federal help,
I hotpe, as has already been expended to induce power companies to buy atomic
reactors.

For so long, I have heard it sald that technology exists for almost anything
you can name, and yet, so much of this alleged existing technology is not being
used that it must be considered a natfonal waste. All this talk about our 'vaunted
technology and our brilliant scientists, and yet today, we have an energy crisis?
Clearly, something is amiss.

On the anniversary of the Japanese bombing of Pearl Harbor, the Senate
voted a staggering $20 million—no, $20 billion—for the non-nuclear R&D of
alternative sources of energy. I trust that we can afford this sum over its
intended 10-year period, but also trust that we cannot afford not to spend the
money for this purpose,

Oll presently lubricates our industrial machinery, runs our cars, and is the
basis for a petro-chemical industry which only a trained chemist understands.
For the rest of us, there is no similarity between a quart of motor oil and a
plastic bag. Oil also heats homes and factories, construction and farm machin-
ery, and I don’t know what-all else. Use of oil and natural gas to generate
electricity is not its highest or best use. In all the energy crisis flap, hardly
anyone makes any distinction between the use of oil for those functions which
oil and oil alone serves best, and these which could and should be provided by
electricity derived from non-fossil fuel sources.

But finally, because of a “crisis,” apparently we are going to get adequately
funded R&D of the previously ignored free and highly renewable, incxhaustible
sources of electrical energy which do not ravage our land or pollute our air
and water. I have to say Amen, and God-speed—at last a fitting use for my
tax dollars.

In addition to the foregoing, my one great hope is that with new sources
of energy, we will not be encouraged and subsidized into wasting them as we
have been in the past, Energy conservation must remain a strong and viable
part of any overall plan. Thank you for any and all opportunities for public

comment.
Sincerely,
Miss NANcY C. JAcCK.

{This presentation is adapted from Energy Options For Man, a public energy alternatives
study, produced at the request of Mr. Ralph Nader, by the Environmental Education

GrouJ).uEE? is a non-profit, tax-exempt, scientific, research and educational public
ation.

foun
ENERGY OPTIONS FOR MAN

Between now and 2001, just 30 years away, the United States will consume
more energy than it has in its entire history. By 2001 the annual U.S. demand
for energy in all forms is expected to double, and the annual worldwide demand
will probably triple. These projected increases will tax man's ability to discover,
extract and refine fuels in the huge volumes necessary, to ship them safely, to
find suitable locations for several hundred new electric-power stations in the
United States (thousands worldwide) and to dispose of effluents and waste prod-
uets with minimum harm to himself and his environment. When one considers
how difficult it is at present to extract coal without jeopardizing lives or scarring
the surface of the Earth, to ship ofl without spillage, to find acceptable sites for
power plants and to control the effluents of our present fuel-burning machines, the
energy projections for 2001 indicate the need for thorough assessment of the
available options and careful planning of our future course. We shall have to
examine with both objectivity and humanity the necessity for the projected in-
crease in energy demand, its relation to our quality of life, the practical options
technology provides for meeting our needs and the environmental and social
consequences of these options. (“Energy and Power,” Scientific American, 225:3

(Sept. 1971).)
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Many millions of years ago, the generous earth laid down thick deposits of
organic material that, under pressure and heat, were destined to become the fos-
sil fuels—coal, oil, and gas—that are so precious today. At one time, these fossil
if.'uel dlex;‘pslltts seemed endless. Today, tragically, we are learning that they are far

rom infinite, .

Some interesting statistics:

“The energy industry of the United States has achieved an average annual
growth rate of approximately 3 percent over a century. Expressed in per capita
terms, energy use grew from an average annual increment of 1.2 percent for 50
years beginning in 1880 to an average annual increment of 2 percent for the next
30 years to an annual average of 2.7 percent for the last decade, and to a 4.9
percent annual increment in the last five years. Energy use per dollar of gross
national product (expressed in constant dollars), which had decreased slowly
since 1920, has been increasing since 1067.

-“The long term growing demand for energy has been accompanied by major
shifts in primary fuel usage. Wood was the major fuel in the middle 1800s; this
shifted to coal in the late 1800s and early 19008 and to oil and natural gas by the
mid 1900s, and these fuels are expected to be the dominant energy source into
the early 2000s.” (Technology Review Oct./Nov. 1971, David C. White, “Energy,
the Economy, and the Environment”).

But at present there is a new development. Many industrial nations today are
threatened with power shortages, and the United States where but 6 percent of
the population uses 35 percent of the world’s energy, is particularly vulnerable
to any energy shortening. Today’s present shortages are but previews of the far
greater shortages to come as fossil fuels (by the end of the century by projec-
tions), becomes extremely scarce. Americans facing these preliminary shortages
find all this hard to believe, because for so long they have enjoyed abundant en-
ergy at low cost. Hoyt C. Hottel and Jack B. Howard of the Massachusetts Insti-
tute of Technology have pointed out this: “Total U.S. Energy consumption . . .
in 1970 [was] equivalent of 80 slaves working for each one of us to maintain our
modern, affluent way of life.”

The energy shortage is complicated by the ever present menace of pollution.
Corrosive gases, waste heat dumped into waterways, stack emissions, radioactive
release, all the efluents and discharges attendant to modern power generation,
add extra weight to the cost of energy.

Former chief of the Energy Policy Staff at the White House, S. David Freeman,
succinetly notes: “Americans as a nation no longer feel that we can produce
and use energy with total disregard for its effect on the environment.” Pollution
can be controlled, but often at high cost. Frequently the best means of controlling
pollution is to switch to cleaner fuels, but even the cleaner fuels are now in
short suply. We are beginning to see the bottom of the barrel for many fuels, and
the bottom looks very grim.,”

In the past hundred years, overall demand for energy of all kinds in the United
States has increased by a factor of twenty. The rate of increase, encouraged by
past energy abundance, is sharply accelerating, especially for electricity. Utilities
expect consumption of electricity to double within the bounds of this decade, and
almost to quadruple by the following decade of the 80s. Many of these projections
are based on extrapolations of past demand. There i8 a great body of evidence
that these patterns will change as the price of energy rises and the public
embraces a conservation ethie. Therefore, the great rush for power plants of
current design, including nuclear, to meet enormous projected demands should
be questioned—especially when we commit ourselves to long range plans that
promise environmental dangers. But regardless of the exact figures that form
the projections, growth will occur. And we already have an outstripping demand.

Renewable vs. Nonrenewable

The energy used in the underdeveloped nations today emanates from plants
and animals: food and wood, dung, and animal power. Water power and wind
power are locally important. The vital nature of these energy sources is that
they are all of the renewable kind, limited by rate of supply rather than by total
quantity available. The energy used in the developed and overdeveloped nations
is overwhelmingly from the fossil fuels: coal, petroleum, and natural gas. In the
United States, approximately 99 percent of the energy input comes from these
sources. The important factor here is that this form of resource has no theoretical
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limit on the rate at which it can be consumed, but there is a finite limit on the
total quantity that can ever be used. Throughout most of the history of man,
as an identifiable species, man has relied on renewable sources of energy for
food, heat, protection from other animals, to power such innovations as boats,
and mills, to lift water and pull plows. It wasg but 150 years ago that man
commenced, on a significant scale, to transfer from wood and wind, from animals
and falling water, to heat and power derived from the fossil fuels (nonrenewable
resources). Moreover, this changeover allowed the whole world population to
expand enormously on the basis of the rate of energy supply that cannot be
maintained indefinitely at the present level, let alone an exponentially increasing

rate.
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This chart depicts the “years to exhaustion’ of the supply of each and all
conventional fuels at different assumptions of growth rates of usage. The
top curve depicts the life of all the world's naturally occuring fuels at
various growth rates. Two particular points are highlighted. If the world
continues at its 6% growth rate, all conventional fuels will be gone by the
muddle of the next century. If the world rate drops to the U.S. rate of 4%,
we merely extend the depletion point to the end of the 21st century.

Population is a function of the rate of useful energy supply, whether or not the
energy emanates from either resource, renewable or nonrenewable. If the energy
comes from renewable resources, the rate cannot rise more than briefly above the
rate of renewal, and therefore, populations dependent on renewable resources
have a propensity, rather quickly to become stabilized in ecological equilibrium
with rate of supply. The population based on the other rezources on the other
hand is confronted with a much more formidable instability problem. Its rate of
usable energy depends not on man'’s efficiency in extracting energy from a dynamic
system continually being renewed but upon the rate he chooses to extract energy
from a static system that is not renewable on any time-scale meaningful to him (if
it takes millions of years to renew his resources those resources have certainly no
immediate impact on his present energy needs). The more he allows his numbers
to become dependent on his self-opted rate, the more he faces ultimate catas-
trophe, which can be mollifled only by locating new sources of nonrenewable
energy and which can be averted only by finding new sources of renewable energy
large enough, and renewable fast enough to sustain his vastly increased
numbers.

The real crisis is in finding the means of replacing a combustion energy sys-
tem, based on nonrenewable resources, with a system that will sustain the world
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population with a clean, continually replenished fuel. There is little doubt that the
human population has serlously risen above the ability of existing energy re-
sources (based on present technology) to sustain it very far into the future, and
that this unwiedly population faces drastic reduction of its numbers by starva-
tion, pestilence, and warfare unless technology and common sense come to the
world’s aid.

“The fact—which we are only beginning to confront—is now clear: the proba-
bility of finding, or creating by technology, new reserves of nonrenewable energy
resources is diminishing. The exploitation of a technological breakthrough such
as the fast breeder, which breaks out of the short-term fuel constraint, will be
limited by environmental factors. We must plan, and hope, to replace our mined-
energy economy, and while we continue to seek adequate replacement systems
through scientific and technological effort, we need to consider reducing both our
appetites and our numbers in case technology simply presents no alternatives. And
we should remember that for millions of starved and starving people in the world,
it is already toc late” (Technology Review, Dec. 1972, Earl Cook).

In order to prevent catastrophe in the near future, some new and major source
will have to be found. This energy project attempts to present many of the alter-
natives that can serve to supply large amounts of energy, with less danger envi-
ronmentally, to maintain a high standard of living for the entire world population.
Many of these alternatives may be important locally, and many of these sources
may be used in combination with others to sustain total energy needs. We should
choose now to make the institutional changes necessary to control our energy fate

before it controls us in the form of catastrophe.
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This double bar graph, divided vertically according to category of energy use
and horizontally according to fuel source, shows quantitatively the relative con-
tribution of a particular fuel to a particular end use, by the area of the labeled
item. For example, coal contributes 21.4 percent to the total energy input (bot-
tom of left column), and coal use by-public utilities to generate electricity is
53.5 percent of 0.214, or 11 4 percent of total U.S. energy use.
—Technology Review, M.I.T
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When Albert Einstein postulated that mass was energy in a different form an
entirely new conception of the universe confronted mankind, E=Mc* meant that
all mass was simply an association of the essential material of the universe—
ENERGY. Not only energy in the form of heat and light, but also all fleld and
wave phenomena, such as magnetism and gravity, are manifestations of the same
thing—ENERGY. Since that time man has come to understand that everything—

even our own lives—is really a flow of ENERGY.
COAL

Coal is a fossil fuel. It is the result of tremendous pressures that have trans-
formed, organic materials, after millions of years, into a concenerated carbon/
hydrocarbon form. We combust coal to release its stored chemical energy. Coal
represents 20% of the U.8. total energy uses. Coal i8 certainly the most abundant
of the fossil fuels, with estimated reserves in the U.S. of from 300 to over 600
years. But coal utilization brings with it many negative environmental impacts.
The combustion of coal releases. tremendous quantities of sulfur dioxide, an
enormous health hazard. Furthermore, this burning produces particulate pollu-
tion and carbon dioxide (which may in the future bring about serious alterations
in climate). There are many devices to control pollution from stacks after com-
bustion and there are methods for the gasification of coal to produce a cleaner
fuel. But these are currently very expensive. Also, the mining of coal in deep
mines is dangerous and creates health hazards, and the surface stripping of coal
damages the land, creating tremendous soil-waste problems, acid drainage, un-
productive land, and visibly ugly terrain. Reclamation techniques could restore
this land, but proper restoration is expensive. We will have to solve many environ-
mental hazards with coal utilization before we continue to use it as a main source

of energy for the future.
PETROLEUM

Petroleum is a fossil fuel, emanating from the conversion of organic materials
after millions of years of heat and pressure. We combust petroleum to release its
stored chemical energy. With the projected high demand for oil, experts believe
that by the year 2000, 809 of the word’s oil may be exhausted. Particularly in
the last few years, domestic production of this fuel has not kept pace with the
rapidly expanding demand. Even the tremendous North Slope oil from Alaska
(the Alaskan pipeline) will only sustain the U.S. demand for about 8 years.
Furthermore, in order to meet demands we will have to import more and more
oil from the very rich Middle East locations, This dependence will have serious
political implications, and substantial increases in the cost of this foreign oil
will serivusly divert international funds and cause balunce-of-payments worries,
Moreover, in order to ship enough oil, supertankers will be needed and these
tankers will need offshore marine terminals. This will involve enormous invest-
ments, and with the unpredictability of Middle East politics, there could be great
monitary losses.

In order to bypass such problems, we will have to bypass importing such great
quantities. One way to achieve this is to locate more oil on this continent in the
many commercially exploitable areas still available onshore, and the locations
offshore. .

Of course, the use of oil also has environmental dangers. The atmospheric
pollution from the use of petroleum in automobiles is noticeably adverse. The
U.S. Office of Science and Technology reports that motor vehicles accounted for
449 of nationwide atmospheric emissions. Stationery fuel combustion of oil
accounted for 16%. On a pollutant-by-pollutant basis, the report states that ve-
hicles give off 65% of the carbon monoxide, 46% of the hydrocarbons and 87%
of the nitrogen oxides. And there is the hazard of ocean oil spills and petroleum-
related pollution of lakes and streams.

Oil shale could also help increase oil supplies. Oil shale is a limestone-like rock
that can be processed to produce oil. But there are still problems to be faced
with surface mining, waste, and water use.

The serious impact of oil evironmentally can be minimized through such tech-
niques as hydrogenation to yleld sulfur-free fuel gas. And there are emission
control devices for autos and industry—but these involve cost and fuel problems,

which must be considered seriously.
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NATURAL GAS

This gas is fossil fuel—natural gas is a mixture of gaseous hydrccarbons pre-
dominantly methane. Barely thirty years ago, natural gas was flared at the well-
head as an unwanted byproduct of the search for ofl. Currently it supplies one
third of the total energy used by the U.S.—as much as is supplied by petroleum.
Spurred by the relative cheapness and the clean aspects of the fuel, the market
has oustripped projections. In 1968, for the first time, proved reserves of gas in
the U.S. declined while production outran new discoveries. Expérts say that the
reason for the shortage of gas is that the Federal Power Commission has regu-
lated the price of natural gas so low that it discouraged investment,

With the known and available deposits of gas, there appears to be only about
11 years of gas left in the U.S. at current output. There is predicted to be, though,
a large quantity of natural gas undiscovered on the continental shelf (this is
currently irretrievable by modern techniques). And unless prices or some such
encouragement can bring about dramatic discoveries of gas, the future is dim.
In order to increase supplies, a frantic scramble is underway.

One way to get more gas is to import it as liquefied natural gas from foreign
sources. This requires expensive tankers and expensive gas. Gasifying coal may
produce a great deal of gas. Also, methods to extract methane from organic refuse
and waste is promising. As for its environmental impact, natural gas is relatively
clean, It is virtually sulfur free and when combusted burns with a clean flame.
There are problems with natural gas as it is burned in large power plants. In the
high temperatures produced for power generation, high quantities of nitrogen
oxides are produced. As for natural gas in the form of liquefied natural gas, there
are very definite risks in handling in the form of vapor clouds, fire, and flameless
booms. We may have to augment natural gas supplies in the many different meth-
ods available to us in order to meet the demand for this clean fuel.

ORGANIC WASTE AND REFUSE

Urban and agricultural wastes commonly considered pollution and health haz-
ards could be converted to methane. This conversion could reduce by half or more
the tremendous mass of organic wastes and converse dwindling fossil deposits of
methane (natural gas). It is predicted that efforts to convert waste to gas would
not outweigh the current costs of disposing of waste and of searching for gas in
submarine deposits. Methane is produced in nature by the bacterial decay of veg-
etation and animal wastes in the absence of air—a process known as anaerobic
decomposition. The technology of this digestion is reasonably well worked out.

The potential methane production i{s more than considerable—the combined
urban and agricultural waste production in the U.S. is about 1.5 billion tons
annually. Each pound of organic waste yields about 10 cubic feet of methane dur-
ing anerobic digestion—the combined solid waste could yield 30 trillion cubic
feet annually. This amount is half again as much as the current natural gas con-
sumption in the U.S. and would be worth $6 to $9 billion at current prices. It is
possible to have methane plants in every municipal sanitation facility to produce
this gas. Also, a world-famous authority on the use of waste to produce power
sites that it is possible to manufacture small, family-sized methane generators
that can make any house or apartment at least semi-independent of external
power sources. If these projects can be instituted, we will help to solve both
an energy and a waste problem in a very clean fashion.

HYDROELECTRIC

Today, only a small portion of the power needs of most countries is met from
hydroelectric sources. Although these sources are clean means of generating
power, there are many environmental and societal damages associated with them.
Damming Inundates vast areas of some of the best lands in an era when we can-
not afford to lose such acreage ; this form of power generation precipitates a proc-
ess of backwater sedimentation which, in many cases, spreads indefinitely up-
stream and into tributaries with damage to good farmland; it is not needed for
power because stean-generated power in low-gradient areas is now cheaper than
hydroelectric power ; it provides an expensive, temporary structure in an average
prairie plowland the large dam has a life expectancy of only about 50 years due
to rapid siltation. It is inhospitable to wildlife because of rapid siltation which
chokes out spawning beds and destroys aquatic vegetation. Probably the most im-
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portant obstacle in the development of this form of water power is the limitailon
of use. The growing shortage of natural sites and the high cost of construction
rule out dependence on this form of energy in the future.

WAVES

It has been proposed to obtain electric power from waves and tides. Since waves
exhibit tremendous power, schemes have been put forth to harness it, One plan is
to have each incoming wave force water, by means of valves and a pressure cham-
ber, into a tank above sea level ; this water would run a turbine on its way back
to the sea. Or a battery of floats would be mounted along the gliore, each float
connected with the shore by a long boom, and the up-and-down motion of these
booms would turn a generator. At present the machinery for such ventures is ex-
pensive, but these and other schemes are worth investigating, because there is
great potential to produce continuous and clean energy.

S8EA GRADIENT (SEA THERMAL)

Insolation at the surface of the seas, plus seasonal meltdown of the polar
ice caps by solar energy, creates astronomically huge volumes of warm surface
water and near-freezing deep ocean water, The thermal gradient that exists be-
tween water at the surface and water 1000 feet beneath the surface can be as
large as 45 degrees F. A heat engine could operate across such a temperature
differential.

And the Gulf Stream could be an enormous source for such power generation.
These engines could produce electricity that would possibly meet many times
the projected demand in the year 1980. (Other bodies of water, such as the
Pacific, could also be exploited, upon modification of systems.)

There are at least two systems that have been proposed to harness this power.
In one, the ocean thermal gradients are used to generate water vapor (steam)
or the vapor of some intermediate working fluid such as freon. This vapor is then
expanded through turbines to drive generators, synchronized at an A.C. net. The
A.C. electrical power is transported along tether lines to anchor points in the
sea bed, collected in larger sea bed cables, carried ashore, and transported as high
voltage A.C. power.

Another system uses thermal gradients in a vapor cycle to generate direct cur-
rent. The direct current is fed to electrolyzers which are also fed distilled water,
then released hydrogen is transported through a hollow tether to an anchor point
in the sea bed, collected in larger in-seabed pipelines and transported then as
electrolytically pure hydrogen. The hydrogen is converted to electricity in 10 to 20
megawatt fuel-cell central stations dotted throughout the country along the
branching inground pipelines. )

CURRENTS

Three scientists, two of them with the Commerce Dept.’s National Oceanic and
Atmospheric Administration, suggest that man may one day use the energy of
the northward flowing Gulf Stream to spin electric generators in systems the
scientists liken to “underwater windmills,” The Florida Current, a major com-
ponent of the Gulf Stream, carries more than 50 times the total flow of all the
fresh water rivers of the world. Near the surface, the speed sometimes exceeds
5.5 miles per hour. The total energy of motion of tlie current could produce
about 25,000 megawatts—the output of the largest power plants built by man—

if all the energy could be harnessed.
: TIDAL

Tidal power is a promising source of power from water. All that is required
is a place on the coast where there is a high rise in tide. Then you dam off a
natural bay or an artificial basin, so that at high tides the water must run
through turbines to flow into the basin, and at low tide it runs through them
to flow out. The problems of harnessing tidal energy are formidable, however,
because of the very nature of this form of energy. The incoming flood tides flow
for about six and a half hours, followed by the same duration of the outgoing tide.
Conversion of this energy to useful energy can be obtained only part of the
time. And there are other variables involved that limit the use of this energy
form,

There are only a few places in the world where the available difference in
water level is high enough to generate energy. The world’s first tidal-powered
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electric plant is on the estuary of the River Rance in Britanny in northern
France. It ranks as one of the world’'s great power stations but such areas are
very limited. Thus tidal energy is more likely to be a valuable resource only
to select areas.

GEOTHERMAL

This power is literally “earth heat.” And some of the sources of this heat to be
tapped for power are steam, hot water, and hot rock. The earth's heat has a
potential to be a valuable source of energy, and is currently in use in some
areas, producing a substantial contribution to local energy sources. If but 13%
of the total heat from geothermal sources could be converted to electric power,
we could produce ten times the world’s present average power output. The heat
‘energy stored in 500 square mtiles of the Imperial Valley equals 279, to 659% of the
of the heating capacity of the entire world’s oil reserves.

Current studies show that the geothermal sources are large and can be readily
exploited. At the Geysers in northern California, generating plants that are
powered by geothermal steam already produce 180 megawatts of electricity at
costs lower than those for comparable plants utilizing fossil or nuclear fuel
sources. -

As for hot water sources, plans are now being seriously investigated for using
sources of hot water, a much more abundant resource than steam, to generate
electricity and to ease the chronic water shortage in the southwestern portion
of the U.S. (The brackish waters reaching the surface could be desalinated in
the process of generating electricity.)

Geothermal sources are found generally where there is a large intrusion of
magma, slightly cooled from past volcanic nction, lies relatively near the surface,
heating a deep underground reservoir of water trapped in permeable rock. With
respect to power, water is critical, for it is the medium that carries the heat to
the surface. In the process, the water turns to steam which drives the turbines.

There are two broad classes of geothermal flelds. One is the fumerole (natural
steam vent) in which heat, pressure and reservoir flow are so balanced that the
vent of wells at the surface produce mainly *“dry,” slightly superheated steam.
The second class, much more common, is the hot-spring or geyser system, in
which a super-abundant reservoir of high-pressure hot water produces mainly
boiling water at the surface, only a portion of which flashes to steam. Another
source is hot rock, which does not come in contact with underground water

_gystems. Tecéhniques are being devised to circulate water down through cracks to
liberate this heat.

There are environmental problems with geothermal power. Disposal of waste
waters from steam or hot water wells could pose a substantial problem, particu-
larly where the water is highly mineralized (minerals in high concentrations can
poison fish and other aquatic life). Air pollution is also a problem, since noxious
gases often accompany geothermal wells. Martin Goldsmith of the California
Institute of Technology estimates that the amount of sulfur released at the
Geysers is equivalent to that emitted by a fossil-fueled plant of the same size
burning low-sulfur oil, and that at the hot water plant under construction at
Cerro Prieto, the sulfur release might exceed that of comparable fossil-fueled
plants burning high-sulfur fuel.

There is also pollution from the release of ammonia and boron. Also, injection
and withdrawal of geothermal fluids may trigger seismic effects whose nature
is not well known. And there are problems of odor and noise.

But there are ways to bypass many of these problems by using different meth-
ods of converting the heat energy to electricity. One method uses a secondary
fluid to carry the energy (isobutane). And another proposes using thermoelectric
devices that would obtain electricity directly from the heat source with very
slight environmental danger (proposed by the Environmental Education Group).
It should be noted that there is tremendous potential for this resource, and with
further research it could be of great significance in supplying energy in the near
future on a highly competitive basis.

WIND

Wind is continuously regenerated in the atmosphere under the influence of
radiant energy from the sun. Like solar power itself, wind is a self-renewing
source of energy capable of producing harnessable power. Windmills have had a
long history. Thousands of streamlined windmills have lighted farms or charged
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batteries in rural America for decades. Yet, the use of windmills on a greater
scale has been neglected. The potential for wind power Is major. One scientist
envisions windmills spread across the Great Plains that could supply half the
electrical power of the entire United States,

The basic project now is to design windmills that are efficient and operate at
low cost, With better design, wind generators could very possibly become com-
petitive sources of energy. Furthermore, to solve the obvious unpredictability
and storage problems of wind-generated power, windmills could be used to elec-
trolyze water in order to produce hydrogen for power. This approach would, in
essence, convert wind energy into chemical energy. The hydrogen could then
be stored or transported in conventional pipelines,

There is much recent concern about wind power and there are many promising
proposals. There are current designs for windmills that are based on aircraft
technology and may hold the answer to harnessing wind energy more efticiently.
With more research, wind energy could very possibly contribute significantly to

our future energy needs.
ALGAE

Fuel can be obtained from the solar energy fixated in algae. When fast growing
algae are digested by bacteria, the major product is methane. These plants could
be grown and harvested on land, in fresh water ponds, or in ocean areas. It has
been suggested that all of the world's energy requirements in the year 2000 could
be met by combustion of high-energy plants cultivated on only about 49 of the
world's land surface. Note: the algae grown on only about one-fifth of 19 of
the land in Minnesota could probably produce power equal to all Minnesota’s
1971 electrical power requirements at peak consumption (and this state is very
north, where the sunlight is less intense than in the South). The power we
could produce by cultivating algae would be additional to the methane which
could be produced from the digestion of animal and urban waste by anaerobic
organisms. That same waste could be converted to oil instead of methane and
could satisfy nearly half of this country’s present oil demand. Thus, these two—
atlgae and waste—could work together to solve our energy dilemma. These proc-
esses are clean, simple, certain and safe,

HYDROGEN

Hydrogen, by far the most abundant, energetic, and clean of all the elemental
fuels in the universe, may well be the decisive technology of this century. From
the inexhaustible seas, hydrogen would flow continuously. Hydrogen can be
produced by central plants by many of several methods, most prominently by
electrolysis, and transmitted in underground cables in the form of a gas. Then,
this hydrogen gas may be used almost in the identical manner as natural gas.
When distributed, this gas can be burned as a gas in home heating and cooling
appliances with but slight adjustments or redesigning. It can be used in a wide
range of industrial processes. It can be used to generate electricity in local power
plants. It can generate power most efficiently of all if it is used in large fuel cells.

With a range of large and small fuel cells, homes and industries would have
the option of generating their own power on the premises. When compressed and
cooled to liquid form, hydrogen has about two and a half times the energy by
unit weight of gasoline, and with some mechanical modifications, all types of
internal combustion engines can burn it cleanly.

Converting to liquid hydrogen would make it possible to nearly double the
operating range of jet aircraft on the same weight of fuel. Buses, trucks, ships,
and trains can all run on hydrogen with their present engines—using fuel cells
would be greatly more efficient, Private automobiles can run on liquid hydrogen.

Whatever form the combustion of hydrogen takes, its only major waste is
water vapor, which returns in a short time to the sea to become again the source
of hydrogen. Thus a hydrogen economy would revolve on a completely renewable,
nonpoliuting fuel cycle. And hydrogen is relatively safe. In open air or well
ventilated places, leaks or spills diffuse so rapidly, hydrogen being the lightest
of all elements, that the risks of ignition or spreading flames are actually less
than those for gasoline. In general, it's hardly more hazardous than gasoline or
even natural gas, though, having different characteristics it requires different
treatment.

Hydrogen, because it burns without noxious exhaust products, can be used in
an unvented appliance without hazard, hence it is possible to conceive of a home
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furnaee operating without a flue. The list of remarkable innovations possible
with this, gas is long. The prospects promise to revolutionize domestic heating
and cooking techniques. Furthermore, in power production, hydrogen can be
stored and used to even out the daily and seasonal variations in load. And hydro-
gen can be produced by clean sources of energy such as windpower, solar power
and fusion. Hydrogen serves as an excellent and efficient means of transmission
and storage for these energy producers. Hydrogen is available, effective, eco-
nomical, safe, and doesn't pollute—and it will fit into present technological struc-
tures without any profound changes in our present patterns of industrial and
economic organization.
SOLAR

If 1% of the solar energy falling on the Sahara Desert were converted to elec-
trical power, it would supply all of the world’s needs for electrical power for the
year 2000 . . . technological breakthroughs are not needed to solve this problem :
the means to convert solar energy to electrical power is here today. .

The problem is an economic one. (V. Bearinger) Solar energy offers an endless
and clean source of electrical power. There are many ways to convert solar
energy to non-polluting fuels like methane and hydrogen, and there are also
ways to use sunlight directly through the use of solar cells, also called photo-
voltaics. These devices, which power 909% of our unmanned space vehicles con-
vert sunlight directly to electricity. Since solar cells have no moving parts, their
reliability is high and their maintenance is low. With mass production, these
devices could be the roofing for our homes in the form of solar shingles. Solar
cells, together with other solar-power technologies, could have the capability
to meet all of our energy needs with clean, safe systems.

Russia is already experimenting with large-scale solar-cell energy farms—
a solar-cell power plant, A totally solar home, including solar electricity, could be
built with today’s technology (this includes heating and air conditioning). And
there are many current projects in which homes are already functioning on solar
energy. Thousands of solar water heaters have been installed in buildings and
homes in Florida, for example. There are also proposals for orbiting solar
power stations in synchronous orbit above the earth that would beam down en-
ergy in the form of microwaves to ‘arth. Furthermore, there are proposals for
large scale solar farms in the Southwest and massive solar furnaces that would
focus sun energy to heat water and dissociate it into pure hydrogen and oxygen
(see hydrogen). All solar energy needs to become a commercial reality is more
backing in the form of funding by the government—there are no technical bar-

riers to wide application.
FISSION POWER

Nuclear fission—certain heavy atoms, on being struck in the right way by a sub-
atomic particle called a neutron—split into two or more fragments and release
energy in the process. The basic nuclear fuel is uranium, another is thorium. A
nuclear reactor is a device for the controlled fission of a nuclear fuel. At one
time, the world was led to believe that the peaceful use of the atom was indeed
a safe and practical answer to solving the energy problems of the developed
nations and that the commercial use of nuclear energy was the humanistic
harnessing of the incredible power locked in the atom.

Recently, a great deal of information, much of which was formerly suppressed
from public view, has brought startling awareness of inherent difficulties, and
the real and potential hazards that have accompanied the proliferation of nu-
clear-engendered power. And what is even more frightening is the fact that the
further development of nuclear plants is dependent upon the proliferation of an
even more hazardous nuclear facility the breeder (a plant where more fuel is
produced than is consumed-—but these plants have serious safety problems).

When we first got into the nuclear fission program it was believed that this
form of energy would provide inexpensive power and would be safe, clean, and
efiicient. Nuclear energy in execution has manifested none of these attributes.
With regard to heat waste, nuclear plants are less efficient in conversion than
are conventional fossil-fueled plants. Furthermore, there is no substantial evi-
dence that shows that nuclear energy has competed economically with other
forms of energy. In operation, these nuclear plants are far from clean, producing
some of the most toxic substances known to man and releasing them in the forn
of nuclear wastes. Some of these wastes are discharged directly 'nto the environ-
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ment in the form of gaseous waste, radiohctive gases. Radloactivity ig extremely
hazardous to health and causes genetic mutation, cancer, and other serious
disorders.

Great volumes of liguid wastes are produced which must be stored in tanks,

some underground, above ground, and in the water. These millions of gallons of
wastes are enormously toxic and are so hot that many times they make their
containers boil like teakettles. Radioactive substances must be stored for centur-
fes until they degrade enough to be harmless, while the storage units last but
decades. Already there have been serious leaks of these materials into water and
land, threatening all of us with disaster. Also, these nuclear plants produce
tremendous quantities of thermal waste in the form of heated water that must
be dumped into air or water. This waste in the water creates many complica-
tions, affecting aquatic life and and nearly every physieal property of concern
in water quality management—creating lethal and sublethal results in water
life,
There are, moreover, dangers in the transportation of nuclear wastes and in
the possibility of sabotage and diversion of nuclear materials for use in nuclear
weapons. And one of the greatest hazards associated with this form of energy
Is the possibility of a catastrophic accldent in which large amounts of radio-
active material will be released to the environment, killing thousands and hun-
dreds of thousands of people,

The emergency core cooling system is the last line of defense in an accident

and if it fails, such a disaster is possible—and in numerous tests in laboratories,
these systems have failed. And no system in current plants has ever been tested.
So they don’t know for sure if these systems will work at all in the individual
plant. '
Suffice it to say there are numerous serious dangers involved in the production
of nuclear energy, and that, with all the far more promising alternatives at our
disposal, this form of energy should be bypassed for cleaner and safer means of
electrical power. An economy based on nuclear power is an economy chained to
the perpetual surveillance of nuclear waste and to constant fear.

NUCLEAR FUSION

Fusion power is the ultimate source of energy in the universe and if success-
fully tapped, could provide for mankind a virtually inexhaustible supply of
energy that is virtually pollution-free, It is the promise of limitless energy and
low pollution that makes the quest for controlled fusion power one of the most
important technological searches in man’s history.

One important aspect of nuclear fusion technology is plasma physics. Plasma
is the fourth state of matter, different from solid, liquids, and gases. Plasma
is an fonized gas. Some of the atoms have had one or more electrons ripped away.
A plasma is a mixture of ordinary neutral atoms, ions (atoms that have lost elec-
trons), and free electrons. Those lost electrons are free to carry electrical cur-
rents; plasma rather easily conducts electricity. The sun is plasma, and so are

_all the stars. In fact, almost all the universe is plasma. Plasma can be manip-
ulated by electromagnetic forces, and, under certain conditions, the vast energles
locked inside them can be utilized to produce electricity.

One method of releasing this energy through thermonuclear fusion, or the
controlled thermonuclear reactor. Fusion energy is the power of the stars. Sei-
entists throughout the world, through various processes, are trembling close to
producing fusion reactions in their laboratories. Although fusion energy comes
from the heart of the atomic nucleus, it is very different from the fission-type of
nuclear energy that is used to produce electricity. In fission, heavy atoms such
as uranfum are split apart, releasing energy. In fusion, light atoms such as the
various isotopes of hydrogen are forced together—fused—to create energy.
Deuterfum, an fstotope of hydrogen, is found in seawater and can be separated
from ordinary hydrogen rather simply. There is enough deuterium in the oceans
to supply hundreds of times the amount of energy the world now uses for millions
of years into the future—if a practical controlled thermonuclear fusion reactor
can be bullt, To achieve this state scientists must achieve a minimum temperature
of 46 million degrees K.: the density must be at least 10™ fons per cubic centi-
meter (roughly 10,000 times more dense than sea level air) ; the plasma must be
kept at this temperature and density for about a tenth of a second. This is called

confinement,
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The key to controlled fusion is the task of plasma confinement, and there are
many experiments underway to accomplish this. A few are coming very close, The
use of laser-pulsed energy to achieve this controlled fusion is one of the most
promising.

The environmental advantages of fusion are numerous and remarkable. Here
are some: fusion fuel requires no combusting of the world’s oxygen of hydro-
carbon resources and hence no carbon dlioxide or other combustion products;
there are no radioactive wastes in the cycles most seriously contemplated; there
ig never enough fuel present to a support a nuclear excursion ; there is safety in
the event of sabotage or natural disaster; the potential exists for fusion systems
to essentially eliminate the problem of thermal pollution by going to charged-
particle fuel cycles that result in direct energy conversion; neutrons from the
reaction can be used to transmute radioactive wastes so as to render them non-
radioactive; the ultra-high density plasma directly from the exhaust of a fusion
reactor ean be used to dissoclate and ionize any solid or liquid material—an oper-
ational fusion torch could be used to reduce all kinds of waste to their constituent
atoms for separation, thereby creating a closed system of resources where every-
thing is recycled and reused, and the list goes on,

If we can harness this energy in the near future, by intense interest and fund-
ing, there is great hope to supply an energy source for the world that all nations
could develop regardless of their native resources, thereby raising the standard
of living of all nations without draining the resources of the world or polluting

the envircament, 4
DEvices AND METHODS FOR MORE EFFICIENT ENL..aY CONVERSION

In efforts to Increase energy production and reduce pollution concurrently,
efficiency is the key factor with respect to conversion devices. “The higher the
efliciency of an energy system, the more usable power is produced per unit of fuel,
and the less pollution and waste. Conventional steam power plants, after nearly
a century of refinement, barely reach an efficiency of 40% ; the rest of the energy
from burning coal, gas, or oil goes off in waste heat, smoke, and such partial-
combustion products, or pollutants, as oxides of nitrogen and sulphur, The steam-
generating process, which currently accounts for over three-fourths of the na-
tion's power, is essentially a ponderous three-stage mechanical system. Water is
heated to high-pressure steam in a furnace boiler; the steam then spins a huge
turbine, which in turn drives a big rotary motor generator, whirling a copper-
wire armature through a magnetic fleld to produce electric current. Energy is
lost at each stage, and more is lost in transmission lines. The whole system still
reflects nineteenth-century attitudes that the earth’s resources are so limitless
that we can afford, as the shortest route to the greatest profit, to waste most of
them."”—Fortunc, 1970

Almost all the world’s energy is now transformed by rotating or reciprocating
machines. We couple the energy of exploding gasoline and air to the automobile's
wheels by a reciprocating engine. The turbogenerator at a hydroelectric plant
extracts energy from falling water and turns it into electricity. Such rotating or
recipre~~*ing machines are called dynamic converters.

A revolution is currently underway. We now know that we can force the heat
and electricity carrying electrons residing in matter to provide us with energy
without the use of shafts and pistons. This is a major accomplishment of modern
technology ; energy transformation without moving parts—direct conversion, The
main advantage of direct conversion devices are high reliability and in many
cases higher efficlencies and less pollution.

There is one aspect of energy use that cannot be ignored, regardless of the
source of energy, and that has serious consequences with respect to the global
environment—waste heat. Whenever energy is transformed from one form into
another there is inevitably some loss in the conversion, and this loss is in the
form of waste heat. The process of combustion has in the past generated the most
dnngerous problems with respect to thermal additions to the environment. But
all manmade heat is released to the atmosphere or earth, whether it has been
used or wasted and, in sufficient quantities, can be of importance climatically.
Man is currently heating up this planet, and urban areas (the concentrated energy
use and production areas) are noticeably warmer than their rural surroundings.

In the long term view, continued growth of energy use could lead to large-scale

- climatic changes in 100 years or more. The concern of the near future is on a
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regional scale where population and energy use will continue to cluster, and
where, over hundreds of thousands of square miles, emissions of waste heat will
be several percent of the naturally absorbed solar radiation. Such emissions
may be sufficient to warm the regional climate, to initiate, intensify, or alter the
tracks of storms, or to enhance convection and precipitation—the results are
awesome to contemplate—minor shifte in air temperature could radically alter
winds, tides, rainfall and seasons, setting off dangerous disruptions in life sys-
tems. Therefore, reguardless of the energy sources we choose for the future, we
must be extremely cautlious with respect to the production of waste heat and
to the impact of energy use so as to effect better global and local heat balances.
We cannot maintain, though, unchecked energy growth—even with the cleanest of

energy sources.
CONSERVATION OF ENERGY

Amidst the current concern with ways of producing enough energy to meet the
staggering projected demands, relatively little attention has been accorded re-
search on methods of making existing supplies stretch further and drastically
lowering the necessity for large power plants in great numbers in the near future.
Yet by one widely accepted estimate, five-sixths of the energy used in transporta-
tion, two-thirds of the fuel consumed to generate electricity and nearly one-third
of the remaining energy—amounting in all to more than 50% of the energy con-
sumed in the United States—is discarded as waste heat.

More efficient uses of energy in various sectors may be achieved in numerous
effective and relatively simple ways: electric heat pumps for heating and cooling,
solar heating and cooling, proper shielding from sun in residences, architertural
and engineering practices that build conservation in, vacuum furnaces, magneto-
hydrodynamics and the various devices discussed previously, the use of smaller
cars that require less fuel and the use of rapid transit, and recycling. Conserva-
tion now could prevent blackouts and local shortages now and provide more time
to find the correct solutions to our energy dilemma.

The conservation of energy is therefore a worthy and increasingly vital goal in
the struggle to acquire energy sources. And, despite skepticism on the part of
some observers as to the feasibility of wholesale alterations in consumer habits
and preferences, significant economies appear to be possible, many of which in-
volve little or no change in life-styles conditioned to plentiful and inexpensive
energy. Both more efficient technologies, ranging from better insulation in houses
to more efficient furnaces in industry, and policies that reduce rather than pro-
mote the demand for energy, could well play a key role in the last two decades of

this century.

WAYZATA, MINN,

To WitoyM IT MAY CONCERN—

I am terrified at the lack of tested safeguards and the possibilities of
sabotage, vandalism, burglary, and accident for and to prevent nuclear power-
plants. Everyone of us is sitting on an activated atomic bomb. I believe our
Country should do all in its power to substitute solar, wind, water—any other
kind of power for the nuclear reactor. It’s only a matter of time before a terrible
catastrophe will overtake us because of the disbursed reactors and stored and
disposed of live wastes. When I think of my grandchildren inheriting a radio-
active country to live in and all kinds of genetic damages which are forever,
I sometimes wish they they never had been born.

There is still time., The bombs have not gone off yet. Let’s hurry with delib-
eration and forethought and defuze it forever.

Please include this letter in the hearing record.

Sincerely,
Mrs. ANDREW FULLER.

FENVIRONMENTAL CONCERN ORGANIZATION,
Willingboro, N.J., December 11, 1973,

Mr. MICHAEL STERN,
Staff Director, Scnate Finance Committee,
Ncw Senate Office, Washington, D.C.

DEAR MRr. STERN : We are rushing the following short statement to your Com-
mittee in view of the short notice given us in which to do this.
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STATEMENT TO TI[E. SUBCOMMITTEE ON ENERGY

The Environmental Concern Organization feels that the only energy sources
that would be compatible with the continued existence of man, the environment
and the earth, would be such clean sources as solar, wind, geothermal, and con-
version of organie wastes into clean fuels by pyrolysis nnd hydrogenation or
into energy through direct burning.

Fossil fuels are environmentally damaging, The estimated 500 years of coal
100 years of oil and 60 to 786 years of gas in world fossil fuel reserves, indicates
that the supply of these Is fast dwindling. This fact makes the development and
mass adoption of the above mentioned clean and abundant energy sources of the
utmost urgency. These are listed in the first paragraph of this statement.

The reserves of nuclear fuel, Uraniumn 235, is estimated at 20 to 30 years. The
still experimental breeder reactor which presents even more dangers to man
and the environment than conventional nuclear reactors, could prolong the life
of U-235 to 1,000 years. Since nuclear fuel is even more ineflicient than coal,
it represents a regression in terms of fuel use as well as a greater threat to man
and the environment than fossil fuels do.

'Phe technologies needed to mass produce energy from such sources as solur.
wind, geothermal, tidal and organlc wastes, are presently available. All that
is needed to start the wheels going is a co-ordinated effort on the part of Gov-
ernment and Industry to Initiate preliminary development for mass adoption
of such clean, abundant energy sources. We hope that your Subcommittee will

be successful in achieving this important goal,
‘ LILIANE STERN,
Chairman of Air Pollution a?ul Nuclear Pollution.

STATEMENT OF LOTTIE FAIRBROOK, FLUSIIING, N.Y.

My children, adult grandchildren and I, about 20 citizens, welcome the estab-
lishment of your subcommittee. We are confident that the search for and research
on clean energy will be greatly accelerated and we hope that—in spite of the oil
shortage—a moratorium on nuclear fission reactors will be possible in the near
future.

We are deeply indebted to Senator Gravel for ‘his Insight and efforts in this
direction and we trust that Senators Bentsen, Dole, Hansen, and Mondale agree
with his policies and will be just as active and influential in this field.

We feel that the AEC is not performing its role of a “watchdog” (even though
it has improved under chairman Dixy Lee Ray) sufficiently, and that the Joint
Congressional Committee on Atomic Energy seems to be more concerned with al-
laying the fears of the public than with eliminating the hazards of atomic energy.

Until a full moratorium can be achieved, we favor the phasing out of nuclear

fission reactors.

HIGHLAND PARK, ILL., December 10, 1973.

ENERGY SUBCOMMITTEE OF THE SENATE FINANCE COMMITTEE :

I am writing as a concerned citizen who is in favor of safe energy. Without
scientific expertise what I have heard and read about the planned expansion of
nuclear power plants throughout the United States is alarming. The arguments
in favor of such nationwide construction tend to minimize the possibilities of a
nuclear accident—but these arguments all seem willing to sacrifice millions of
lives and dollars if such accldents occur. Indeed, one power authority was quoted
as saying that such accidents “are to be expected from time to time” and that
people “will just have to learn to live with them.” However, aside from such
ridiculous statements the statistical chances of such power plants proving unsafe
seem altogether too great as far as the public welfare is concerned.

Now, in the midst of the so-called energy “crisis”, which many feel has been
manufactured by the oil and power interests so that they might reap financial
gain at the expense of a bewildered public, the president has called for rapid
expansion and development of nuclear power plants—without further study or
safeguards. In the light of the president’s difficulties, his loss of credibility and
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the more than $4,000,000 oll and power interests are reported to have con-
tributed to his '72 campaign—and in the light of the enormous sums those same
interests have invested in the future of rapid nuclear development, I feel the
whole area of nuclear power and alternative programs must be carefully ana-
lyzed before this nation is railroaded into a broad program that may—iu the long
or short run, prove both costly and disastrous,

I strongly urge that alternate sources of energy be thoroughly considered—
especlally solar, geothermal and fusion energy—along with coal gasification,
before any national commitment is made as to future sources of power in this
country . . . and that rigid federal construction safety standards be adopted
and enforced in any further construction of nuclear power plant facilities. Also,
]I] uilge a nuclear moratorium and an early commercial demonstration of solar

eating, )

I feel it is time the politics of big business be replaced by the politics of
human welfare and that the Congress of the United States bears the responsi-
bility of insuring the rights of all its people over the special interests of a few.

Respectfully,
P. Not.

ALEXANDRIA, VA,, December 6, 1973.

IIon, MIKE GRAVEL,
U. S. Senate Office Building, the Capitol,
Washington, D.O.

DEAR SENATOR GRAVEL: It is good to know that a few people are exerting them-
selves in the right direction in the energy fleld. Thanks to someone I received
your November 30, 1973 Newsletter yesterday which contains some little run
down on Wind and Solar power. I attended a long session on Alternate Power
Sources in Montpelier, Vermont, last August and heard Professor Heronemus
talk on Wind power, plus many other papers. Not one word was spoken in favor
of Nuclear power. In fact organizations were there getting signatures to work to
stop its use.

If you have not seen it you ask your secretary to call George L. Weil, 1101
17th Street, N.W. Washington, D.C. 20036 and obtain a copy of his publication.
“Nuclear Power: Promises, Promises.” It contains much detail on the grim
limzards of such power. Surely the Atomic Energy Commission need to be held

n check,

It is difficult to see how a § to 13 percent cut in Arab oil import has now
grown to 25 percent or more, It is my belief that the oil companies are squeezing
us. Several years ago Senator Aiken was concerned about the growing concen-
tration of control of all of our energy resources. I would like to see a full scale
investigation into the oil companies. If Watergate strikes at the foundation of
our government then the energy situation is like a knife at our jugular. Last night
on a TV news report Senator Mike Mansfield noted that the “most secret infor-
mation in the country” is the financial records of the oil companies. The way
things have been handled one might make a good case for nationalizing our
remaining fossil fuels,

My feeling about them is expressed on the enclosed sheet, Save Our Fossile
Fuels. If you concur I hope you can add it to your interests and help to broadcast

my plea.
Respectfully,
Puir. WHEELER,

SAVE OUR FOSSIL FUELS

Fossil Fuels are a one time heritage of the some four billion years of the
earth’s history. When they are gone, they are gone forever. At the pres-
ent time they represent 95 percent of the total energy used in this country. Our
very way of life depends upon them. Yet they are a finite quantity. Perhaps half
of all the petroleum we will ever find has been squandered in the past 50 years.
Our present high consumption will use much of the rest in this decade if we do
not find substitutes,

However much coal and shale we have they also are finite quantities. The
recoverable deposits of coal and shale are only estimates. What we have is
forever and ever. If we go after coal and shale to supplement our dwindling
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petroleum, the havoe wrought on our land in the past will be as nothing to that
required to get them in the quantities needed.

Fossil fuels are basic raw material for industry—chemicals, fertilizers, plastics,
synthetic fibers, steel production and other products. They are our only abundant
source of carbon. They are vital to our food, jobs, recreation and transporta-
tion. Liquid fossil fuels are the only fuels presently suitable for aircraft. With-
out them, all aircraft would be grounded. Liquid fuels are still the best answer
we have for personal transportation. Yet much of this liquid fuel is used for
ll;eatlng buildings and firing utility plants where other forms of energy could

e used.

Ironically, most of the liquid fuel used today is wasted. Our automobiles
waste from 70 to 99 percent of the gasoline they use; utility plants from 65 to
75 percent of fuel oil. The rest of the energy Is lost heat which radiates out into
space,

Nuclear plants are a grim specter that we may all live to regret. They use
but one or two percent of the potential energy in Uranium. Radioactive wastes
are an unsolved problem. Safety is in great question. Nuclear breeder plants
may be even more dangerous, Some 90 organizations have joined together in
the National Intervenors coalition to work to halt work on nuclear plants.

What can we use in lieu of our precious fossil fuels, our literal black gold?
The sun or solar energy is one certain long range power source. The sun gives
us the wind, thermal differences in the oceans, and energy wherever it shines
on the planet. Enough sun’'s energy hits most buildings to adequately warm
them if they are well insulated and a collecting and storage mechanism is pro-
vided. A few solar heated houses have been built.

The wind has been used some in the past but has long been neglected. Yet
Professor Willlam E, Heronemus of the University of Massachusetts has made
studies of Vermont for the year 1980 and parts of Wisconsin for 1990. Even in
these cold areas he found that windmills could make them self sufficient in
electric power. Batteries or fuel cells would be used for standby power.

If wind alone can supply electric power in these states, surely a combination
of the wind and sun collecting equipment for smace heating could drastically
cut the load on our electric plants, reduce the use of liquid fossil fuel for space
heating and utilities, and the need for nuclear power plants with all of their
dangers. As fuel prices go up and up, it may be nice to know that the wind
and the sun are for free once you are set up to use them.

If you are concerned about energy and a safe future, make your concern

known.

RELIGIOUS SOCIETY OF FRIENDS, BARNEGAT MEETING,
Barnegat, N.J., December 12, 1973.

To: Michael Stern, Staff Director, Senate Finance Committee, 2227 New Senate
Office, D.C. 20510.

The Barnegat, N.J., Meeting of the Religious Society of Friends, E. Bay Ave.,
Barnegat, N.J., 08005, submits the following statement for fnclusion in the U.S.
Senate Finance Committee’s hearings on an Energy Trust Fund to deal with the
country’s energy problems :

As an expression of our religious love and concern for our neighbors-in-the-
future, the Barnegat, N.J. Friends (Quaker) Meeting urges the United States
Congress to enact legislation leading to the preservation and restoration of the

Creation.

Specifically we urge Congress to appropriate funds for worldwide research on
and development of energy sources that conserve and do not pollute, such as geo-
thermal energy and energy from sun and wind.

We further urge funds for research on and development of systems for the
recycling of the world’s wastes (metals, glass, paper, sewage, garbage, manures.)

Let our national and international aim be to leave this good and glorious

Creation not worse but better than we found it.
(S) ErxEeL R. Woob,

Clerk.
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FISCAL POLICY AND THE ENERGY CRISIS
I. Introduction

The “energy crisis,” so long an abstraction of newspaper headlines
and Congressional hearings, has become a stark reality for millions of
Americans, as well as Europeans and Japanese. Unrestrained con-
sumption, reduced production of domestic oil and gas, and other sup-
ply disruptions have created a growing energy gap. Cutbacks in the
use of energy, averaging anywhere from 10-20 percent—perhaps
higher in some regions—are unavoidable this winter. The duration
and severity of the shortages in the coming winter months now
depend as much upon the weather as upon remedial public policies.

The Committee on Finance has jurisdiction in the Senate over our
nation’s tax and trade laws. Changes in these laws may play a major
role in alleviating the short term energy problem and in moving
toward a policy of developing our nation’s huge untapped energy
resources over the longer term.

This document has been prepared to furnish background information
to the Members of the Subcommittee on Energy in dealing with the
following questions:

Should fiscal policy be employed to mitigate the current energy
shortage and to assist in the transition to alternative energy sources?
If so, how?

Are fiscal incentives needed to stimulate exploratlon and develop-
ment of domestic sources of energy?

If so, which would be the most eﬁicxentr—a tax credit, tax deduction,
depletion, etc?

What would be the effects on supply and demand of allowing the
price of all fuels to reach their natural level through market forces?

What would be the income distributional, environmental and con-
sumer effects of a tax incentive approach vs. a free market approach?

Given the enormous capital needs to develop fossil fuels and their
alternatives, is there a need for both tax inventives and price de-
regulation?

Is there a need for an ‘“‘energy trust fund,” the monies from which
would be used to develop various conventional fossil fuels as well as
alternative forms of energy—coal gasification and liquefaction, tar
sands, oil shale, geothermal, solar, wind, nuclear, etc.?

1
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If so, how should the fund be financed—consumption taxes on
gasoline or automobiles, or production tax on energy at source or

some combination?
Who should administer such a fund?

~ President Nixon has announced a plan designed to mitigate short~
ages over the near term by reducing demand and encouraging pro-
duction, and over the longer term by moving toward energy inde-
pendence.” !
The highlights of the President