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CONDUCT OF AEC'S RESEARCH AND DEVELOPMENT ACTIVITIES
IN GEOTHERMAL ENERGY

I.

Introduction and Objectives
The Atomic

~nergy

Commission (AEC) is interested in receiving comments,

recommendations and suggestions concerning arrangements appropriate to
conduct during FY 1975 and into the early 1980's of research and
development work and pilot projects aimed at establishing the technical,
economic and practical feasibility of electric and non-electric power
production from geothermal resources, including possible cooperative

0

programs between the AEC and other organizations.

Responses received

will be utilized in the further development of AEC's long-range
geothermal program plan.

The;geothermal
program objective is to
,,

stimulate and facilitate early and significant commercial utilization
of these resources.

This program is a part of the national geothermal

energy research and development effort and is designed to contribute
toward meeting overall national energy needs.
II.

Federal Government Geothermal Program
The Federal Government's participation in the national geothermal program
is being conducteQcooperatively by several Federal agencies, and is
•

J

being coordinated by the National Science Foundation, and encompasses
the following elements.
A.

Increasing the present knowledge of the location, nature and
extent of the nation's geothermal energy resources.

B.

Identification and resolution of the

enviro~mental,

legal and

institutional barriers to geothermal resource utilization.

iv
.

C.

'"t'

Advancement, thru technology development, of the operational
efficacy and efficiency of relevant components, devices and
techniques as required to achieve practical geothermal resource
utilization.

D.

Acceleration of the commercial production of electricity and nonelectric power from geothermal resources.

III.

AEC Geothermal Program Plan*
The AEC geothermal program plan covering the period FY 1975 thru the
early 1980's focuses on elements II C and D above and includes:
A.

Advanced Research and Technology - involving, but not necessarily
limited to• research and development related to drilling in hostile
geothermal environments, methods of well completion, materials and
equipment for extracting hot corrosive fluids, monitoring and
controlling emissions and wastes and practical binary cycles that
use low temperature working fluids.

B.

Resource Utilization Projects - involving research and development
related to, and construction and operation of, approximately 10 ~~e
pilot plants representative of one or more different types of
geothermal resources:

*

0

high temyerature (> 180 C) low salinity

In addition to the applied research and development activities described
herein, the AEC also oupports basic physical research in geothermal science.

0 0 () 0 4
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0

convective {HT/LS), high temperature {> 180 C) high salinity
convective {H1/HS), geopressurized sedimentarv {GP), low temperature
{(180°C) low salinity convective {LT/LS), and hot dry rock {RDR).
Each facility would serve as a flexible test bed for research and
engineering development as well as for demonstration of el~ctrical
generation and other uses of geothermal heat.

•

IV.

Tentative Program Implementation Plan
As a basis for tile comments, recommendations and suggestions

her~by

being requested-, the AEC has developed for consideration a tentative
plan, set forth in Attachment "A", for cond"..lct of its geothermal
research and development and demonstration program.

This encompasses

such matters as proposal submission, content, evaluation aLd selection,
as

well~as

cost sharing and disposition of any demonstration plants

following project completion.

The AEC's purpose is to seek comments

on this tentative plan and not, at the present time, to invite the
submission of proposals.
All interested persons who desire to submit written comments, recomMendations
and suggestions should s2nd them to the Secretary of the Commission, U.S.
Atomic Energy Commission, Hashington, D. C.

20545, within thirty days

after publication of this notice in the Federal Register.

Public comments

received after the aforementioned thirty day period will be considered if it is

vi

practical to do so, but assurance of consideration cannot he given except
as to comments filed within the period specified.

(Sec. 161, 68 Stat. 948; 42 USC 2201)

Paul C. Bender
Secretary of the Commission

•
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ATTACHMENT "A"
TENTATIVE PLAN FOR IMPLEMENTATION
OF THE AEC GEOTHERHAL RESEARCH
AND DEVELOPMENT AND DEMONSTRATION PROGRAM
The following tentative plan has been developed as a basis for the comments,
recommendations and suggestions being requested.

The submission of pro-

posals is not being sought at this time.
A.

'

Proposals may be submitted by academic institutions and units of state
and local governments, by non-academic, non-profit or profit
organizations, by individuals, or by a combination of these.

B.

Proposals may be submitted at any time, but R&D proposals on hand usually
will be considered in groups beginning in July and January of each year.

C.

Evaluation of proposals will be conducted by the AEC staff, which may
be supplemented by representatives from the AEC national laboratories
and other Federal agencies and by representatives from the academic
and industrial communities.

All proposers will be deemed to have

consented to the review by such representatives of the AEC.
and materials which the AEC and proposers mutually agree

t~

Information
be of a

privileged nature will be held in confidence to the extent permitted
by law.
D.

(Reference AECPR-9-3.150-3)

Preference will be given to proposals which offer cost sharing of the
proposed work by the proposer or other interested private organizations.
The proposing organizations' views as to the final disposition of pilot plant
will be a factor in the consideration of proposals for pilot plants,
recognizing that i t would be AEC's desire to sell its interest in such
plants following completion of the proposed work.

Any proposals for

these plants that are accepted hy the AEC will have to be beneficial
to the program and in the best interests of the Government.

More

viii

Attachment "A"

formal solicitations may be issued for proposals on pilot plants.
E.

The AEC will select for negotiati'on of contracts those research and
development proposals which do not unnecessarily duplicate research
work already underway or contemplated by AEC; are not already known by
AEC or other Federal agencies; have previously unrecognized merit or
value; and which offer the greatest total value.

While the estimated

cost to the government and an offering of cost sharing will be considered
in determining which proposals offer the greatest value, the primary
basis for selection will be the showing made in the proposal relative
to such factors as:
1.

How the proposed work is expected to contribute toward meeting
energy needs.

2.

Description of the theoretical and experimental methods to be
employed and program plan through completion.

3.

Qualifications of the proposing organization and participating
personnel.

There is no commitment to the making of any particular number of awards.
Where proposals submitted for research and development involve work
previously known to or contemplated by AEC or other Federal agencies, it
may be necessary to solicit additional proposals for such work and undertake competitive negotiations with all such proposers.
F.

PreliminarJ to submitting a formal proposal, proposers may, if they wish,
submit a preproposal letter setting forth the substance of the proposed
work in order to establish whether the AEC has any interest in the
research and development area involved.
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QUESTIONNAIRE TO ATTENDEES AT THE
GEOTHERMAL POt-lER DEVELOPMENT CONFERENCE
BERKELEY, CALIFORNIA, JUNE 18, 1974

The Atomic Energy Commission would appreciate receiving your response
to the: questio·ns ·below. Please. respond by letter to the Secretary of
the Commission, U. S. Atomic Energy Commission, Washington, D. C. 20545,
by July 11, 1974.
1.

Did you find this meeting of value? Would future meetings of
this type be useful? \Vhat frequency? What specific additional
topics should be covered?

2.

What specific geotherw~l energy research and development would
you recommend?

3.

Would you (your organization) consider participating in one or
more of t~ ~C projects on a cooperative, joint-support basis?
What kind of participation would you consider?

4.

What should be the government/industry relation in cooperative
geothermal research and development projects? What are the major
issues? The .obstacles? What solutions do you recommend?

5.

What suggestions do you have for improving information flow
between AEC and the private sector concerning geothermal research
and development matters?

6.

Other comments.

'
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GEOTHERMAL POWER DEVELOPMENT CONFERENCE

TRANSCRIPT OF OPENING SESSION
.

~

Welcoming Remarks
Dr. Jack M. Hollander

I am Jack Hollander, and I'd like to welcome you to this
Conference on Geothermal Power Development, on behalf of the
University, and of the Lawrence Be!keley Laboratory and its Director,
Dr. Andrew Sessler, who is away on travel this week.
welcome is extended also from

th~

And a second

Energy and Environment Division

of the Lawrence Berkeley Laboratory, which is hosting this meeting.
As many of you know, the Lawrence Berkeley Laboratory is
perhaps best known for its pioneering work in nuclear physics, which
dates back to the 1930's when Ernest Lawrence and his associates
developed the cyclotron.

More recently in the post World War II

era, the Laboratory has done leading research on high energy physics,
nuclear chemistry, transuranium elements, photosynthesis, materials
research, biomedicine among other fields.

At present LBL has seven

Divisions including Physics, Nuclear Chemistry, Accelerator, Materials

0

Research, Chemical Biodynamics, Biomedicine, and Energy and Environment
Division.

The Energy and Environment program is a recent development

in the Laboratory, having developed as a part of the growing AEC
involvement in energy development and its environmental impact.
The United States has declared its resolve to become energy

'.
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independent of foreign sources of energy to the extent possible and
as expeditiously as possible.

We are gathered here because of our

mutual interest in one of the most promising new domestic sources
of energy -- geothermal -- a resource which, although very imperfectly
understood, will surely play a major role in our country's energy
economy of the future.

As part of this energy program, the Federal

government has launched a research and development activity in
geothermal energy with the objective of stimulating and facilitating
the early and significant commercial utilization of geothermal eriergy
for power production.
The promise and potential of geothermal energy are great,
but the difficulties and challenges are also great.

There are many

obstacles to be overcome before geothermal can take its place and
play a significant role in the country's energy economy.

Some of

these obstacles are technical, some of them are institutional, some
of them are legal.

Now, these problems must be solved in an expeditious

manner if we are to meet the time scale that we have established for
managing the nation's energy needs.

To make this possible it is

essential that there be a maximum participation and cooperation of
all the rel ev.ant parties to geothermal development:
industry, utilities, and the public.

government,

Through this meeting and others

like it, of which I hope there will be many, a constructive dialogue
can be initiated in which issues can be clarified and problems
discussed and identified, and ultimately arrangements worked out, so
that a vigorous and cooperative program can be established -- a

.0 0 0

0
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program that will be beneficial to the entire American people.
One of the strongest components of the Federal geothermal
program is that of the Atomic Energy Commission and its laboratories.
The major portion of today's meeting is intended to be informational,
with representation by members of the Commission and also by staff
members of the laboratories who will describe their geothermal
programs to you.

As you see from the program, there will be ample

time allowed after lunch for open discussion of these issues as you
see fit.
I am very pleased to introduce to you now the person who
will present an overview of the AEC's Geothermal Energy Program,
and who will thereafter be the chair.man for the remainder of the
meeting.. This is Dr. James Bresee, Assistant Director for General
Energy Development, Division of Applied Technology, United States
Atomic Energy Commission.

a
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Dr. James C. Bresee
Assistant Director for General Energy Technology
Division of Applied Technology
U. S. Atomic Energy Commission
Thank you very much, Jack, and on behalf of the Atomic Energy Commission,
I want to welcome you all to this all-day conference. I'm glad I didn't
write out any detailed remarks on background leading up to the Conference
because I'm afraid I would have been rather repetitious. Jack has covered
many points that I would have felt it would have been desirable to begin
this conference with, so I thank him for having done most of my job for me.
I can.concentrate on a few details that will perhaps make the transition
into the technical papers which will follow a bit easier to follow.
Many of you may not even be aware of the background of the Atomic Energy
Commission's program in geothermal energy. It grew out of a change in the
basic law of· AEC in August, 1971, which authorized AEC to conduct research
very broadly across all types of energy resources, using the AEC's
laboratories in order to broaden the technical base upon which the nation
could build alternate energy resources. The resulting programs you will
hear de~cribed today.
I agree .with Jack that a major function of today's meeting is informational.
The AEC's current programs were planned beginning in the fall of 1971 into
the summer of 1972. Because of this two year lag in government planning,
we often find that we are working with planning documents which get increasingly out of date before implementation. We want to use this conference
to make a little jump forward and get more closely in contact with the
corporate, industrial, commercial, and other planning processes represented
by this group today. We will focus on our present activities, but the
most important activity of the day to the AEC will be our discussion this
afternoon. The individual papers describing the components of our present
AEC geothermal activities are a base upon which we will begin a dialog
between our visitors and those of us who are attempting to design a useful
government program.
Dialog is a deceptive word. I want you to understand that we don't look
upon Industry as a monolith having a viewpoint which we can compa~~ with a
governmental viewpoint. We certainly understand that there will be a
diversity of views today, that there is not any one single private sector
as contrasted with a single public sector, and that the program that we
will describe today will not please everyone. ·In fact, I would be suspicious
of a program which did. I would suspect it would be very bland and not contain
much in the way of important technical components.
Since the beginning of this planning process in 1972, we have experienced
some very trying times in the energy business. Although many of us in the
early stages felt that it was very desirable that the U. S. open up additional
alternate energy sources, it is now clear that it is no longer just desirable,

6
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,. ~·.

it is probably a necessary goal for future U. S. activites. And I see
the role of the AEC.to try to accelerate this process. We recognize that
geothermal energy development has and must continue to have a viable
commercial base. What I hope we can learn as a result of this conference
is to direct the energies of government down lines which will get more
megawatts on line sooner, will increase the amount of commercial activities
in the field, will increase the profitability of these activities, will
expand the resource in general, and will allow us all to make a meaningful
contribution to the total energy supply of the country.
In the little time remaining, I want to provide a quick description of the
Federal Register notice which can be seen as a parallel effort to this
meeting--to try to inform the public and representatives of industry about
the general plans for AEC activities in geothermal energy. And I'd like
to ask Joe Machurek of the Atomic Energy Commission to talk very briefly about
the Federal Register and its contents.

0 0 0 0 4
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Joseph E. Machurek
Division of Applied Technology
U. S. Atomic Energy Commission

Hopefully all of you received in the mail a copy of a document entitled
"Notice to be

P~blished

in the Federal Register Regarding the.AEC Geo-

thermal Research and Development Program."

If you did not receive that

notice in the mail, there are a limited number of copies available at the

..

Registration Desk.

Since we mailed it to you, the notice has been published

in the Federal Register on the date of June 11.

The notice requests your

comments, recommendations, and suggestions as to the mode of implementation
of the AEC geothermal program which will be most conducive to bringing
about in a reasonable period of time the practical application of this
energy resource.

Let me say first of all that the AEC program is in its

early r'esearch and development stages.

As Jim just mentioned we have gone

through a planning process and have a certain number of activities underway,
but it is recognized in the program that if geothermal energy is to show
a significant contribution to our energy problem that achievement in fact
lies in the hands of the people who are sitting in this room, that it is
indeed the industry which will put geothermal energy on the line.

Our

Federal Register note is therefore soliciting your comments, your recommendations, your suggestions, as to how we work together to achieve that goal.
We have defined in the Federal Register notice the elements of the program
that the AEC is pursuing.

These include advanced research and technology

encompassing those elements of technology that require a solution before
geothermal energy can achieve as a practical matter a power contribution
to our energy requirements.

And the notice defines also that we are inter-

ested in pursuing geothermal pilot plants to demonstrate and establish
that indeed this particular resource does have real and significant meaning
to our economy.

Along with your registration documents this morning you

were given a questionnaire.

We do not expect you to give us your responses

to that questionnaire at this meeting.

Any comments that you may have we'll

be glad to receive now, but we would hope that you would give us your

f •
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thoughtful responses in writing as set forth in the Federal Register notice
to the Secretary of the Commission at the address that is specified therein.
We can have in our afternoon discussion a give and take on your thoughts
and your comments.

We would also like your considered viewpoints so that

we can factor them into our longer range planning in the geothermal program.
And so we ask that you give that questionnaire your attention.

If we can

go through the day now, and let you get our information this morning, and
we get your participation this afternoon, we will indeed have a worthwhile
conference.

Thank you.

\\
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of AEC Research
and Development Program
Chaired by Dr. Jame,s C. Bresee
~resentation

Thank you Joe.

By way of an introduction to the format of our presentations

today, we will attempt to have about 20 minutes of formal presentation by
each of the speakers followed by a

10

minute period for your qu~stions and

comments and reactions to the presentation.

I don't know whether its going

to be possible to separate·general policy discussions from detailed questions
·;

on a technical paper, but I will try to steer the more general questions to
the two hour period this afternoon, and concentrate as much as possible on
trying to eliminate any uncertainties or misunderstandings that grow out of
the technical presentation itself.
The AEC operates on the basis of a relatively small management team in
Washington and in a number of field offices including the San Francisco
l

Operations Office located in Oakland, but with many major technical and
management activities assigned to the national laboratories.
The term "national laboratory" does not have a precise definition.

What

I mean is the AEC's multi-purpose laboratories similar to Lawrence Berkeley
Laboratory and Lawrence Livermore Laboratory here in the San Francisco area.
We have attempted during the early stages of the geothermal program of AEC
to establish development programs in a number of different resource types.
You will hear discussions of research activities ranging from high temperature/
low salinity resource types similar to the Cerro Prieto reservoir to dry hot
rock re'sources being studied at Los Alamos.

Also included will be a number

of other resource types including geopressured, high temperature/higli. salinity,
and so forth.
Our format therefore will be a description of programs surrounding a particular
resource type plus a discussion of the systems analysis work at the Pacific

! '
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Northwest Laboratory where cost benefit

st~dies

are being carried

o~t

in

support of these alternate technical approaches.
One other impression you may

'gai~·

today as we go through our program is that

we are trying to cover too much in too
It probably would have been

bette~

time.

For that I apologize.

to organize a two-day meeting, but I

doubt that we could have attracted such
we wish to meet.

littl~

~

good cross section of the people

So, we'll do what we can in this one-day conference.

The first technical presentation this morning will be by Dr. Robert Brugger

•

who is the Head of the Nuclear Technology Division of the Aerojet Nuclear
Company, at the National Reactor Testing Station near Idaho Falls in Idaho.

j
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NRTS GEO'IHERMAL PROJECT RESUME
J. F. Ktmze

Presented by R. M. Brugger
Aerojet Nuclear Company
A geothermal research and development project to extend the range of
economical utilization to lower enthalpy fluids has recently been initiated
by the USAEC.

The work is to be conducted by Aerojet Nuclear Company (ANC),
I

prime contractor for the AEC at the National Reactor Testing Station (NRTS).
The postulated objective for the program is to construct and operate
a power plant on relatively low enthalpy (<270 Btu/lb) hot water (temperatures
less than 150°C or 300°F).

The likely locdtion; for the plant is in the Raft

·River Vq.lley of Southern Idaho.

The principal purpose of the program is to

determine, by actual demonstration, the economic conditions for which low
temperature systems can be expected to operate,

If successful in this endeavor,

such resources will then be developed by others contemplating utilizing geothermal
energy for large scale commercial endeavors.

The course of this program will be

determined, however, by the results of data obtained during this project and
other concurrent federal research and development efforts.
This project, when carried to completion, will meet the following basic
objectives:
(1)

How best to design and build a plant utilizing low temperature, hot
·water, and what the performance, reliability, and operating costs
would.be'of such a plant.

The geothermal energy extractable

(considering the lowered efficiency) from naturally occurring
resources embracing the range of 100 to 150°C probably exceeds
by at least an order of magnitude that in the current economical
.•
0

range (> 180 C).
(2)

Determine a case history geothermal field performance utilizing
reinjection of both waste geothermal and condenser fluids.

This

goal is to maintain the hydrological balance while the thermal

.. '
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characteristics of the reservoir should only be degraded by the nominal
amount of heat extracted above ground,
The initial efforts on this program and current efforts are directed
toward:
(1)

More reliable understanding of the geology and geophysics of the
area.

This will include surveying the conditions at several likely

plant locations.

Besides the actual source of the warm water, other

factors need to be considered including recharge-reinjection
capability, land availability and leasing status, power distribution
capability, and regional cooperation.
(2)

Better delineation and understanding of the various factors relating
to a decision as to the type of power cycle and its likely problems,
costs, and demonstration value,

(3)

Assessing the environmental problems.associated with the project.

(4)

Assess the value and test the nonelectrical utilization of unused heat
from geothermal electric power plants and wells,

The nonelectrical

uses would be industrial processing, space heating, and agricultural,
as examples.
Unlike the anomalous Geysers hot dry steam field in Northern California,
the Raft River Valley is a hot water field (approximately 150°C) very similar
to most of the identified geothermal potential resources in the Northwest.
These temperatures are not currently attractive for commercial production of
electric power.

Neither the economics nor even the most economical power extraction

techniques are yet known for these low temperature heat sources,

Though the

salinity of these waters is generally low (compared to the Cerro Prieto field,
for instance), still the use of this water has not been mastered for long-term
heat exchanger application.

:() 0
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Should further geological and geophysical work confirm the suitability of the
Raft River resource for an R&D project and should construction funds be made
available, the AEC and ANC will design and install the geothermal plant.

It

is intended to actively monitor and manage the geothermal field, which, though
highly

convectiv~,exists

in a region where groundwater supplies have been shown

to be quite sensitive to withdrawal rates.
Site Exploration and Evaluation
The

u.

S. Geological Survey has been delegated the task of conducting the

geology and geophysical exploration of the area for locating and evaluating the
. geothermal source.

~

variety of the more useful techniques previously found

valuable for geothermal exploration are being utilized,

Results would be

correlated with later field performance and made available to the industry as a
guide for future exploration in other areas.

The site for deep drilling and

evaluation of the reservoir will be determined late this fall.
Pre-Construction Drilling and Testing
Deep drilling and well testing will be the final determination of resource
evaluation.

If the first well produces sufficient fluids of satisfactory

temperatures and salinity, a reinjection well will be drilled.

Supply, reinjection,

corrosion, scaling, heat exchanger performance, and other tests will be made with
this pair of wells so as to establish final power plant design criteria.
Power Plant Design, Construction and Testing
The two major current possibilities for producing electrical power from
low enthalpy geothermal sources such as the Raft River area are direct low
p-ressure steam flash or an organic fluid (pentane, freon, etc.) utilizing
standard heat exchanger technology.

I

order to provide some idea of the

conditions and parameters which would be typical of such power plants, calsulations

...
14

have been made over a range of conditions for· each type of plant.
of plant design will

allo~ ~.wide
~ ..: ~.'

Flexibility

range of test programs to be conducted for

broadening the adaptability,of this plant design to other geochemical and
temperature conditions.
Present plans call for the construction of a 12 MW ('net electrical output)
double flash steam cycle followed by a second binary fluid cycle of comparable
size.

Final cycle types and fluids will not be determined until geothermal

fluid characteristics from the well are known.

Five supply wells and three

injection wells are presently planned for the steam·cycle with an addition of
several other supply wells when the binary cycle is added.
Nonelectrical Utilization of Geothermal Energy
As an extension of the power plant demonstration, the utilization of
geothermal waste heat for industrial processes, agriculture, space heating, etc.
is being studied.

Demonstration test processes will be constructed and tested

jointly with private industry.

In cases where both electricity and direct

nonelectrical uses of heat are practical, the combination in a geothermal complex
should result in reduced costs for either type of energy.

0 8
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LAWRENCE LIVERMORE LA BORA TORY
GEOTHERMAL PROJECTS
Arthur L. Austin

I.

Development of the Total Flow Concept \oJith Emphasis on Application
to the Hlg11femperature/High Sal1n1ty Brines.

It is generally accepted that \'Ia ter-domi nated geotherma 1 resources,
if developed, could produce a significant supply of clean, low-cost energy
to help meet future, national energy needs. Temperatures of these waters
of primary interest vary from 150°C to more than 300°C \'lith dissolved
solids content ranging from less than 0.1% to over 25%, by weight.
Of particular interest, are the deposits of high temperature/high
salinity brines, as well as less saline brines, knovm to occur in the
Salton Trough of California. Estimates of the recoverable electrical
energy from this region vary widely, and range from about 60,000 to over
10 million mega\'latt-years. Currently, this variation is due primarily to
lack of data on the magnitude and distribution of the thermal energy stored,
and to uncertainties regarding prospects for successful technologies for
economic recovery and converison of this energy. Resolution of these unkno\'ms by a goal-'oriented research program will accelerate commercial devo
elopment of this important resource. It is located close to large population centers currently dependent on oil and gas for e lectri ca 1 generation, and, hence, development can have a significant national impact by
making available to other areas o'il and gas which otherwise \'lould be burned
in Hestern power plants.
Consequently, a geothermal development project has been initiated
at the lawrence livermore Laboratory (Lll) to emphasize development of
methods for recovery and conversion of the energy in the hiqh temperature/
high salinity brines. Construction and operation of a small (< 10 MUe)
field experimental PO\>~er plant is planned to demonstrate technical and
economic feasibility of the concepts~ and to provide a continuing source
of operating data useful for design of larger commercial sized systems.
Development of this resource l'ti 11 depend on resolution of the technical problems of brine handling, scale and precipitation control, and corrosion/erosion res.istant systems for efficient conversion of thermal to
electrical energy. Currently, the flashed steam system is in commercial
use in other countries where salinities are less than 2%. In this system
the wellhead mixture of hot Hater and vapor (steam) is led into separators \1/here the vapor is separated from the liquid. This saturated steam
is then used to drive standard multistage turbines, with the remaining
hot liquid discarded. An overall thennal efficiency of about 11~; can be
expected from such plants operating from brine deposits at 500-600°F.
For the higher-saline brines, however, excessive carryover of salts into
the vapor fraction and scaling of the separator may limit the applicability of this method.
In an attempt to solve these difficulties and for more efficient conversion at low temperatures, the binary cycle system is currently under
development. This uses a surface based heat exchanger to transfer the
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thennal energy to a clean, low boiling-point fluid \o.Jhich is used to drive
a turbine of conventional design. To prevent flashing and possibly scaling of the heat exchanger, use of a do~>mhole pump is contemplated. Hhen
optimized, this system will likely function at about the same thennal
efficiency as the flashed, sys tern for brine deposits at 500-600°F. Deve 1opment of reliable downhole pumps as well as corrosion and scale resistant
heat exchangers are neces··sa'ry before this system can be used commercially
for high salinity \o.Jaters.)_; ..
Research experience, to date, has shown these problems to be severe.
Hence, the LLL program emphasizes development of an entirely different
approach called the Total Flow concept. ·This, in principle, consists of
passing the total hot wellhead brine-steam mixture directly through a
mixed-phase expander to drive an electrical alternator. One scheme is to
expand the we 11 head mix i:ure through converg i ng-di verging nozz 1es to convert the fluid enthalpy into kinetic energy in the form of high velocity
jets which are used to drive a specially designed impulse turbine similar
to hydroelectric turbines. The important feature is that the entire pressure and temperature drop in the fluid wilJ take place in the nozzles,
with the turbine wheel ~riven by the transfer of momentum from fluid to
wheel whic~ operating at the low condenser temperature.
This concept offers the potential advantages of inherent mechanical
and thermodynamic simplicity, high conversion efficiencies, and design
flexibility \'thich facilitates scale control and broader choice of materials. By confining the pressure (temperature) drop to a single component the nozzles - greater opportunity exists for brine treatment and scale
control. It is calculated that successful development of this concept
will yield about 60% more power output from the same wellhead product,
i.e. an increase in overall thermal efficiency to about 18%. This is
especially significant when applied to the lower temperature resources
since fewer wells for the same electrical output will be needed. ~ecause
of this, and the inherent mechanical simplicity, capital investments and
power costs should be lower than either of the other systems.
Because this program is directed toward extending the technology of
geothermal energy conversion, greater uncertainty exists in duration and
outcome of the effort. Hence, the major emphasis will be toward design,
development, and mechanical performance testing of turbine concepts;
laboratory and field testing of small scale (100 kw) devices; brine chemistry and scale control mehtods; materials and fabrication methods; and
power plant system design. Resolution of the key technical issues is
planned to be completed by early FY 1977. This will consist of construction and field testing of an optimized brine-tnlerr~nt total flow turhine
of about 100 h1 capacity. During this period plans for site selection, development and drilling will be made so that construction of a complete demonstration system of about 10 MWe capacity can be initiated in FY 1977.
Completion and test operation of this experimental facility is planned
for FY 1979.
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The plant is intended to contain all the necessary elements including
methods for control, fluid handling, injection, condensing and cooling,
and fully instrumented for determined operating characteristics. It is
intended to be experimental in nature in order to provide a flexible test
facility for evaluation of all. types of energy conversion. Operating ex-·
perience will be ga.ned in the field environment regarding maintenance
and reliability of all elements of a complete po\'ler plant.
The Lll program started Jan 1, 1974. Progress to date includes
development of analytical methods for well flow characterization, initial
studies of turbine configurations, construction of some bench model turbines, completion of a preliminary evaluation of the Salton Trough resource,
analyses of typical scales taken from wells in the area, completion and
operation of a field test chamber for preliminary material screening tests
and nozzle performance, and complete design of a laboratory facility for
performance of turbines, nozzles, and other components. This facility consists of a water heater capable of producing about 1.5 lb/sec of 570°F
saturated water at 1400 psia. By flashing, a range of wellhead thermodyanamic characteristics can be reproduced. The system includes a cooling
system to allo\'J operation of turbines at backpressures as low as 3.5" Hg
(120°F). Construction will be completed by late summer, and operation is
planned for Sept, 1974. The facility will be used for testing and performance ev~luation of Total Flow concepts of about 100 kw capacity.
The location rif the 10 MWe field facility has not yet been selected
since the ultimate choice will depend strongly on the outcome of the
first two years of development and field testing of components and small
scale turbines. For this reason, it will be important to gain access to
as many representative brine wells in the Salton Trough region as possible.
Hence, early involvement of private industries with interests in the program will be actively sought.

.
\
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2.

Geopressured Resource Development Program

Underground geopressured water reservoirs are those where the \'tater
pressure exceeds that due to normal hydrostatic loading, as though the
water is carrying the weight of the overburden. The deeper the reservoir,
the higher its temperature, and when tapped, water will gush forth as with
an artesian \'Jell. ~1any of these reservoirs have sufficient pressure and
temperature to be of interest for po\'Jer generation. In addition, significant quantities of methane may be dissolved in these geopressured waters.
Such deposits are found throughout the Gulf Coast region.
In the geopressured zones in Texas and Louisiana, there are waters
at depths of about 10,000 ft which are typically pressured at about 1.5
times hydrostatic, at temperatures of about 150°C, and may contain up to
about 30 scf of methane per barrel of \•tater. As a resource, the energy
stored in the form of pressure, heat, and dissolved gas may be very large.
Very preliminary estimates of the cost of electric power derived from this
resource are in the range of 1.5 to 3 times current prices due in large
part to the high well costs. Credit for the recovered gas, however, could
greatly reduce these costs.
The main question regarding the potential of such reservoirs is
whether the geopressure will persist and allow large water withdrawals
over a sufficient period of time. If it does, then these reservoirs may
be a significant energy source since they are hot and self driving. The
more likely the overburden sustains the loading, however, the more likely
surface subsidence will occur. Reservoir locations, depths, temperatures,
and productive characteristics are not now well known, and long term flow
tests need to be carried out to evaluate the con~ercial potential. In
addition, costs of producing electric power will depend strongly on the
income derived from sale of the associated methane. Hence, gas content in
the geopressured waters must also be investigated.
Despite these uncertainties, the significance of this resource cannot
be ignored. Hence, the Lm~rence Livermore Laboratory (LLL) will be funded,
starting in FY 1975, to develop a program for recovery and utilization of
the geopressured resource. The first phase will consist of an intensive
concept definition study \'Jhich will outline the potential, problems, and
utilization concepts. This will include sufficient field investigations
to better define the nature and extent of exploitable reservoirs. Depending on the results of this study, a development program will be desi9ned
~ith the goal of construction and operation of a small (10 MWe) power
plant to demonstrate technical and commercial feasibility. Preliminary
studies indicate that such a plant could be completed by the end of FY
1978.
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Remarks by Dr. James C. Bresee
After Morning Break

Many of you have been able to tell from the general description of these
programs that they are in very early stages of development. The Atomic Energy
Commission's geotl1ermal program began this present fiscal year. Since it was
a new program, the actual funds available to carry out the programs were
provided in late November and in December and in some instances not until
January. In a sense then, we are describing programs in their formative stage
with no set pattern of operation, at a time when we can obtain the greatest
benefit in our program planning from your inputs.
We'll begin this session then with a discussion of the Los Alamos program,
and here to make the presentation is the geothermal group leader, Mr. Merten
Smith.
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TH E LOS ALAMOS DRY GEOTHERMAL SOURCE
DEMONSTRATION PROJECT

Morton C. Smith

Even in steam and natural hot-water fields, much more than half
of the heat in a geothermal reservoir exists in the rock constituting
the reservoir rather than in the fluid which it contains.
This geothermal heat would of course still be there even if steam and water
were entirely absent, and in fact "dry" geothermal reservoirs appear
to be very much more common than are "wet" ones. Heat-flow studies
indicate that there are many "hot spots" throughout the world where
there is no evidence of natural steam or hot water, but where rock
at usefully high temperatures is close enough to the earth's surface
to be reached with conventional drilling equipment.
Rock hot enough
to be interesting for generating electricity is of course most readily
accessible in areas of recent vulcanism, but rock temperatures high
enough at least for heating houses can be reached almost anywhere.
Under sponsorship of the Division of Applied Technology of AEC,
Los Alamos Scientific Laboratory ("LASL") has undertaken to investigate the possibilities, problems, and economics of man-made fluidcirculation systems designed to extract thermal energy fro m thes e
"dry" geothermal reservoirs. A wide variety of such systems is
evidently possible according to the geological characteristics of
the reservoir -- in particular, the temperature and the permeability
of the rocks that compose it.
However , as they are presently visualized, all of these systems would require (1) drilling a hole downward
into u se fully hot rock; (2) throu gh this hol e injecting a fluid -normally water, although other fluids may be us e ful in special cas es ;
(3) permitting the fluid to circulate through either natural or manmade permeability until it has ab s orbed enough heat from the rock to
be useful at the surface; and (4) recove ring the hot fluid either
through the original hole or throu gh one or more other hol es drilled
for that purpose.
It is hoped that, over a period of s eve r al year s,
a sufficient variety of fluid-circulation systems of this general
type can be deve lope d to be useful in a wide variety of geologic
situations.
Initially, however, the LASL project is directed toward
what appear s to be the simplest of these situations: essen tiall y
dry hot rock at shallow to moderate depth, whose permeability i s
low enough so that it c an contain pressurized water with acceptably
low leak-off rates.
Sch emat icall y , the t ype of s ystem that LAS L will attempt to
develop first is illu strated in Fi g . 1.
It consists of two drilled
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holes connected through the hot rock by a system of cracks whose
impedance is low enough to permit a high rate of fluid flow with
only a moderate pressure drop, and whose surface area is great
enough to permit a high rate of heat extraction to be maintained
for a usefully long time.
It is believed that a crack system
with these characteristics can b e produced by hydraulic fracturing,
and that the temperature difference between the hot and cool water
in the two holes will produce a pressure difference suffici e nt to
maintain fluid circulation without pumping.
It is hoped that
thermal contraction of the rock as heat is removed from it will
produce additional cracks through which the water will circulate,
extending the fracture system spontaneously and greatly prolonging
its useful life.
If these things occur, the economics of such a
system may be very attractive.
Drilling the injection and recovery holes for such a system
is expected to involve only the difficulties normal to any drilling
operation in hard, hot rock.
These are certainly sufficient, but
they can usually be overcome with present equipment and techniques.
Creating a large hydraulic fracture in low-permeability rock
is also within the present state of the art, although much remains
to be learned about such things as its rate of extension in various
directions; the effects on it of formation changes and of joints
and natural fractures; and methods of mapping it in three dimensions.
Holding a very large crack open so that fluid can flow through it
may be a very difficult problem, at least until sufficient cooling
has occurred so that the crack opens spontaneously from thermal
contraction of the adjacent rock.
It is hoped that initially to
can be held open simply with fluid pressure.
If this proves to
be impractical, it may be necessary to prop the crack open with
particles, or to fragment adjacent rock with explosives, or to
enlarge it by chemical attack, or simply to start with a small
fracture system and permit it to grow slowly by thermal-stress
cracking.
Mass transport of minerals dissolved by high-temperature,
high-pressure water in the geothermal reservoir is expected to produce corrosion and scaling problems elsewhere in the system. These,
however, are expected to be much less severe than are those associated with the relatively concentrated brines often produced from
natural hydrothermal systems.
These and other possibilities and prob lems of man-made geothermal systems, and the many options available to overcome or
circumvent such problems, will be investigated in the LASL program
both in th e laboratory and in the field.
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To this point the LASL program has involved principally the
ex ploration and investigation of an area on the Jemez Plateau of
north-central New Mex ico where the geothermal gradient is high,
the geology relatively simple, and the depth to the granitic
basement rock moderate. An exploratory hole has been drilled
there to a total depth of 2575 feet (0.785 km), which is about
500 feet (150 m) into the granite. Bottom-hole temperature was
2l3°F (l00.4°C). A series of hydraulic fractures was made in the
granitic section of this hole both by LASL and by a commercial
service company, requiring pumping pres5ures from about 1200 to
about 2500 psi (8.27 x 10 to 17.2 x 10 Pa) according to the
structure of the rock and the injection rate used. The fractures
produced were essentially vertical and had a consistent northwestsoutheast orientation. They could ge held open with a pumping
pressure of about 900 psi (6.2 x 10 Pa), and-- even after extensive hydraulic fracturing -- the 3ystem lost water at a rate of
only 2 to 3 gpm (0.008 to O.OlG m /min) when the pumping pressure
was held at 1000 psi (6.9 x 10 Pa).
A second exploratory hole is now being drilled about 1.5
miles (2.4 km) south of the first one, in a location more suitable
for development of an experimental energy extraction system. At
present this hole is about 5000 ft (1.52 km) deep and extends
about 2600 ft (0.79 km) into the granite. Bottom-hole temperature
at this point is about 250°F (l20°C). The hole will be drilled to
a final depth of about 6000 ft (1.83 km), where the rock temperature is expected to be approximately 285°F (140°C). The experiments attempted in the first exploratory hole will be repeated
and extend ed -- at greater depth, higher temperature and pressure,
and with more sophisticated instrumentation.
If results from
these are pos itive, the e xperimen tal circulation system shown in
Fig. 2 will then be developed a few hundred feet away.
This experimental system is not intended to produce useful
power, but only to investigate the creation, behavior, problems,
and reliability of a man-made pressurized-water circulation loop
in hot granite. Heat from it will simply be dissipated through
an air-cool ed heat exchanger as a rising plume of warm air. The
hydraulic frac ture will be kept r e l atively small so that within
a year or l es s it c an be dete rmined whether the original fract ur e
system is simply cooling or whether instead therma l-stress cracking
is extending it.
However, the system will probably be operated
for a total period of at least 2 to 3 years in order to investigate
fully its corrosion and scaling prob l em s and , i f pos s ible, to
l earn to control th e~.
If such a system can be produced and operated successfully,
it will r epresent a relatively clean source of h eat that should
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be useful in many places for many purposes.
It is expected to be
immediately useful for generating electricity in many parts of the
Western United States and, at least for space heating and air conditioning, in the older crystalline rocks of the East.
In this
particular form, however, the usefulness of the system will be
limited to locations in which the hot rock has very low permeability
to pressurized water.
Elsewhere, for example in the deep sedimentary
basins, it will probably be necess a ry to develop modified systems
in which steam is produced instead of water, or a down-hole pump
is used in the hot leg of the system, or an array of holes is drilled
and water-flooding is attempted.
Over a period of years, LASL hopes to try all of these systems
and more -- as new geologic situations are encountered and better
ideas are developed.
In the meantime a great deal has already been
learned from experiments on the Jemez Plateau, and a great deal more
will be learned there in the next 4 or 5 years.
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GEOTHERMAL ECONOMIC AND BENEFIT COST SUB-PROGRAM
PACIFIC NORTHWESt LABORATORIES
D.E. DEONIGI, PROGRAM DIRECTOR
C.H. BLOOMSTER, TECHNICAL.LEADER
The purpose of this program is to provide analytical support to the
Geothermal Program in the areas of economics, systems analysis, and benefitcost analysis. ~
These analyses will help determine the economic incentives for geothermal
research and development programs and projects, will identify technological
areas where uncertainties and risks are high, will identify the major cost
components of geothermal energy, and will provide a systematic method for
assessing the economic potential for each type of geothermal resource and
the economic relationship of geothermal energy to other sources of energy.
The program will cover both e1ectri ca 1 and non-e 1ectriCa 1 u·ses of geotherma 1
energy and will include all types of geothermal resources. The initial effort,
however, will concentrate on electricity generation.
The 1nitial effort is directed toward the development of deterministic
cost models which simulate the production of electricity from each type of
geothermal resource. These models will relate the characteristics of geothermal
reservoirs and power plant designs to the cost of generating electricity.
Sensitivity analyses will be performed, using these models, to determine the
relative effect of different economic parameters, assumptions, uncertainties,
and other important parameters on the cost of electricity. The economic
model will permit the quantitative evaluation of the costs and benefits of
individual programs in relation to the overall development plan. The economic
model will be structured upon discounted cash flow. zero base budgeting, and
multi-year costing techniques in accordance witn accepted planning, programming,·
and budgeting methods. The model thus would form a uniform and independent
framework for analyzing alternative budgeting plans and decisions.

•

Analyzes of the supply and demand for critjcal resources used in the
production of geotherma 1 energy wi 11 a1so be performed. These ana lyses
will include projections of the requirements for important factors of
production such as land, cooling water, drilling rigs, well casing, and
low pressure turbines .
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The program also includes the collection and evaluation of cost and
economic data related to the production of geothermal energy.
Finally, this program, in cooperation with res6urce assessment programs,
will attempt to better define the potential supply curve (price/quantity
relationship) for geothermal ene~gy. This supply curve forms the ~asis for
assessing the potential role of geothermal energy in comparison to other
forms of energy and also for determining the potential economic incentives
for new research and development programs in geothermal energy.
The cost model is composed of two principal parts: a reservoir model
which simulates the costs associated with the exploration~ development, arid
operation of a geothermal reservoir, and a power plant model which simulates
the costs associated with the design, construction, and operation of the power
plant. Each of these parts is composed of several sub-models which simulate
i~portant variable cost elements such as drilling, fluid transmission, and
thermodyrfami cs.
The attached figures show the organization and some of the details of the
cost models. The master cost model combines the costs of the geothermal
reservoir with the costs of the power plant. The model is capable of simulating
nearly any financial and. tax structure through varying the rates of return on
equity and .debt, the debt-equity ratios, and tax rates. The reservoir model
and the power plant model may h~ve the same or separate financial structures
and costs of capital. In addition, the plant and reservoir life can be varied
over a long period, currently up to 50 years. The model calculates the cost
of energy based on the principle that the present worth of the revenues will
be equal to the present worth of the expenses over the economic life of the
plant or reservoir. The present.worth factor is determined by the capital
structure and capital cost of the enterprise.
The -reservoir model includes separate sub-routines for estimating
exploration and development costs, drilling costs, fluid transmission
costs, fluid disposal costs, and reservoir operating expenses.
The power plant model includes separate sub-routines for estimating
detailed equipment costs, operating and maintenance costs, water treatment
costs, and outage rates. Where possible, equipment cost and performance
data are being obtained from cooperative industrial suppliers. Additional
cost, economic, and technical data have been obtained from the literature.
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The thermodynamic cycle an~lysis sub-routine will determine the required
fluid flow rates and other thermodynamic factors which, affect plant design
and operation. Several pow~r cycles will eventually be modeled. At present,
single and multi-stage steam flashing cycles ~ave been modeled and the binary
fluid cycle is being modeled.
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BASIC RESEARCH IN THE GEOSCIENCES
RELATING TO GEOTHERMAL ENERGY DEVELOPMENT
Remarks By
Dr. George A. Kolstad, Senior Physicist
Division of Physical Research, USAEC
Presented at the
GEOTHERMAL POWER DEVELOPMENT CONFERENCE
University of California, Berkeley
June 18, 1974

The AEC first began to recognize the extent of its dependence on
the geosciences in 1965, at which time its Research Division was
authorized to initiate a modest program in basic geophysics research
relating the broadly-based AEC need for geophysics information pertaining
to such AEC activities as underground nuclear explosions, location
and assessment of uranium ore deposits, seismic hazards associated
with the construction of large or potentially hazardous facilities
and the dispersal of radioactive materials in the atmosphere.
Unfortunately, this recognition came at about the same time
that government-supported research began to undergo reductions,
especially in the physical sciences. Accordingly, while the
importance of the geosciences was recognized in AEC, new funds
were not provided to implement the effort and such new work as
could be initiated was done at the expense of further reductions
in the AEC physics research program. In spite of this, we were
able to build a research effort in AEC-related geosciences of
about $800,000 by FY 1973 (Figure 1).
Over the past couple of years the AEC has come to realize
the importance of the geosciences in the rapidly-developing energy
picture.
This recognition, happily, coincides with the rapid
transition of the geosciences over the past ten years from a
largely descriptive to an analytic or exact science. This has been
made possible primarily through the application of new tools of
physics, such as the laser and remote sensors, the new insights
brought about by the International Geophysical Year and the
great advances in techniq'ues and instrumentation which have emerged
from the space program. The study of the earth and earth-related
phenomena such as the magnetosphere and solar wind have been
intriguing subjects of basic science for many years. We are now
finding.that such·information is also essential for some of the
critical problems man faces today -- the developing shortages of
resources, including energy.
The Division of Research recognized several years ago that
the Atomic Energy Commission was going to have to play a broader
role in the field of energy than it had played in the past. Thus,
in FY 1973 $95K was provided to the Los·Alamos Scientific Laboratory
(LASL) to begin research on dry, hot rock geothermal energy. These

\
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funds were augmented by funds otherwise available to the laboratory
(i.e. discretionary funds) and LASL was able to get off to an
early start in this work. Research Division support of the Los
Alamos effort was "inc:,reased to $300K in FY 1974 and, God and
the rest of the Goy~J.:hinent willing, will be further increased
to around $680K in'):FYf.1975.
The research ;p:r'6gram in support of hot, dry rock geothermal
at Los Alamos is a rapidly-growing and broadly-based effort. It
is carried out in Q-Division (Energy Division) in a group entitled
Q-21 under the able leadership of Tom McGetchin. The functions of
the group are divided into two broad categories: (1) Geology and
Geochemistry and (2) Geophysics and Rock Mechanics. The first
includes geological, geophysical and chemical studies, the second
geophysics (seismology and heat flow) and rock mechanics. Both subprograms involve· field, laboratory and theoretical programs.
Examples of the kinds of studies being conducted in Q-21 are shown
in Figure 2. Thus far the effort has been concentrated on heat
flow measurements, the hydrofracture and lithofracture of crystalline
rock, microseismicity relating to the fracture process, studies
relating to earthquake mechanisms, and experimental and theoretical
studies of solution chemistry as it relates to geothermal.
Some of the work, you will note (e.g. volcanology) may seem
rather "far-out" to an in(justrial audience. In fact, it might
even seem far-out to the more practical-minded of the university
community. It must be borne in mind, however, that we are attempting
to lay the scientific groundwork for the possible exploitation of
geothermal energy, in whatever form it may prove accessible, for
many years in the future. The importance of volcanology will
become more evident later in this paper. Our basic research goals
are to provide a scientific underlay for the geothermal energy
programs of 1975-1980, 1985, 1990 and 2000 or beyond.
Turning to our plans for FY 1975, which starts in a couple
of weeks, Figure ·3 illustrates the way in which our geosciences
program can be expect~d to undergo its initial expansion. While
all of the energy add-on funds are not meant for geothermal
(i.e. some goes to solar, "in situ" coal gasification or other
possible energy sources), the supporting research for the hot,
dry rock work at Los Alamos is approaching a reasonable level
sooner than is the case with the other geothermal resuources
being tackled at LBL, LLL and Sandia because (1) it got off to
an earlier start, and (2) it represents a major potential resource
which needs a considerable amount of R&D before the real usefulness
of the resource can be determined.
At the Argonne National Laboratory, Cafasso and Feder of the
Chemical Engineering Division will undertake a modest study of the
nature and properties of various working fluids as possible improved
candidates for bottoming cycles. As you know, such fluids may be
of considerable utility for the generation of electricity from
geothermal sources in the intermediate temperature domain (i.e.
100°C - 180°C.
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Three different projects are being undertaken at the Lawrence
Berkeley Laboratory (LBL) of short, intermediate and long-term
interest. Without implying any priority by the ordering, they are:
(1) The establishment at LBL of a Geothermal Resources
Information and Data Center (GRID). This effort will be
carried out jointly with the USGS and we strongly hope
that there will be a continuing and vigorous two-way flow
of information between the center and industry, as well as
other participating groups and organizations, including
Federal, State and Local agencies. The effort will be
coordinated on an international basis under NATO/CCMS
(Committee on Challenges of ~odern Society, Brussels)
with a European Geothermal Information Center at the
Geothermal Institute in Pisa, Italy, which is directed
by Professor Ezio Tongiorgi. It is planned to develop
common formats for computer storage of the information and
periodic exchanges of tapes. We in AEC would have preferred
to get off to a more rapid start than our funds will permit
and we particularly welcome the cooperation and participation
of the USGS. Any help that industrial or other organizations
active in geothermal energy can provide w'Ould also be most
welcome. The project will be run here at Berkeley by
Dr. Sidney Phillips who will be Director of the U.S. Center.
I would encourage any who are interested in participating to
contact Dr. Phillips.
(2) Research in the geosciences relating to hot brine
geothermal energy will also be conducted at LBL under the
general direction of Paul Witherspoon. This work will
include Reservoir Dynamics (e.g. reservoir modelling, formulation of the appropriate conservation laws), Rock-Fluid
System Properties, Geochemical and Radiometric Exploration,
and the Thermodynamics of Geothermal Brines. It is evident
that such research will be multi-directional in nature and
should find applications in many areas of geothermal energy.
The scientific competence, computational capability and
motivation of the Lawrence Berkeley Laboratory combine
to assure that this should be a'valuable and effective
research effort.
·
(3) Down on the campus we plan to support, jointly
with AEC's Division of Reactor Safety Research, some
studies under T. V. McEvilly and H. F. Morrison on Earth
Strain Measurements. This work, which includes studies of
the relationship between electrical resistivity in the earth
and earthquakes and studies of seismic velocities as a
fu~ction of earth strain,
should have a long-range bearing
on earthquake prediction as well as on geothermal energy.
The University of California at Berkeley has a long history
of scientific excellence and I am hopeful that the initiation of
these efforts in the geosciences will have a significant impact
on the future development of geothermal energy in the United States.

t

I

48

At the Lawrence Livermore Laboratory, commonly referred
to as L3, a program in Predictive Rock Mechanics is being initiated
under the direction of Dr. John F. Schatz. The goal of this research
is to understan~---~~~~. dynamics of rock media on a physical level.
The approach wi:tl':;·J~e· to construct mathematical models of rock
behavior which otiginates on a microsocpic (grain size) level
and then, with tlie"help of statistical theory, extend the calculations to encompass macroscopic discontinuities, such as joints
and faults. Such studies should have a broad applicability in the
areas of gas stimulation, coal gasification, in-situ oil shale
processing, geothermal resource recovery, massive hydraulic
fracturing, underground explosive containment, controlled blasting,
prediction and the modelling of plate tectonics and
its relation to the earth's thermal balance. As you can see
from Figure 3, I have arbitrarily related 50% of this effort
to geothermal energy.
At the Oak Ridge National Laboratory we are initiating a
modest effort on the Physical Chemistry of Geothermal Solutions
under the direction of C. F. Baes, J. Braunstein and M. H. Lietzke
of the Chemistry Division. This is expected to be a continuing
effort and will include such studies as (1) Hydrolysis of Tetranuclear Silicate Species (Si-IV), Solubility of Si0 2 , Equilibria
of Fluorosilicates and Isopiestic Studies of Geothermally Significant Salts.
Although ORNL does not have a primary geothermal
role at present, they do have some of the finest solution chemists
in the country and are maintaining close touch with the needs and
activities of the geothermal energy community. Thus, I believe
that this research should have considerable long-range interest
for geothermal.
The most "blue sky" of our research efforts, but one that
cannot be dismissed without thorough study, is the Direct
Magma Tap Research being undertaken by our Sandia Laboratories
under the general direction of Dr. Glen E. Brandvold and
involving John Colp, Harry Hardee, Mark Davis, Ed Graeber and
others. Here the problems are indeed great and prospects for
success highly speculative. However, thermodynamically such
sources are very attractive (~1000°C), molten magma is known
to exist in open volcanic lakes and suspected to exist as trapped
quiescent magma pools. Should the latter prove to be the case,
such pools could constitute avery valuable energy resource if
the necessary resource assessment and extraction technology can
be developed.
The Sandia program will include studies of magma source location
and identification, magma properties and materials compatibility
and heat transfer systems. In addition, since the rock-melting
drill (Subterrene) being developed at LASL looks like a natural
for direct magma tap application, Sandia will plan to keep in
close touch with that work.
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In view of the fundamental and long-range nature of Direct
Magma Tap Research, the Sandia program will be coordinated
closely with other AEC laboratories , the USGS and university
scientists active in the area of volcanology.
The effort listed in Figure 3 as "off-site" refers to contracts
with universities or other research organizations that can be
expected to contribute to our basic understanding of the geosciences
underlying geothermal energy. __We have already received proposals
from M. I. T. (Sinnnons: "Effects of Microcracks on Properties of
Rocks In Situ"; Aki: "Seismological Investigation of Crack
Formation in Hydraulic Rock Fracture Experiments"), the University
of Hawaii (Muenow: "High Temperature Mass Spectrometric Studies
of Metal-Magma Reactivity"; Furumoto: "Location of Magma
Chambers"), Columbia University (Fairbridge: "Crustal Stability
and Geothermal Mapping) and UCLA (Anderson and Perkins: "Relationship
of Rock Physics and Petrology to Geothermal Energy Technology").
Several others relating to geothermal energy are expected.
It is evident from the above listing that proposals on hand will
substantially exceed the availability of funds under current AEC
plans for FY 1975 in the geosciences.

.•

Two problems are currently being examined by several people
concerned with geothermal energy research. The first has to do
with the thermodynamics and reaction rates of mixed aqueous
electrolytes and other geothermally-:-related earth materials.
In this area, Dick Lyons (ORNL) has taken the initiative to
call a meeting of a few of the key people concerned with the problem
in an attempt to map a strategy to meet this need for basic
data. This group meets tomorrow here at Berkeley. I am hopeful
that it will succeed in clearly defining the nature of the problem
and in mapping an appropriate course of action. The second problem,
the solution to which is less obvious at this time, has to do
with surveying and exploration for geothermal anomalies. Specifically,
the question pertains t~ what, if any, special instrumentation
should be planned for the ERTS-3 satellite not yet scheduled
for orbit? As I understand it, ERTS-2 is scheduled for orbit
next January and is not instrumented for geothermal monitoring.
This is an area.where some bright ideas from the geothermal
S&T community could be useful.
Finally, I should like to mention a problem of organizing
for a meaningful basic research program which is not unique to
geothermal but applies to all goal-o-riented R&D activities such
as those which pervade the energy problem. That is the problem of
matching the discipline-oriented programs and thinking of the
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scientific community to the goal-oriented programs and thinking
of the engineering and industrial community. These orientations
are essentially orthogonal and a good deal of thought and effort
will have to be devoted to developing the appropriate matrix
to identify the probie?tns of the goal-oriented programs, such
as geothermal energy·,· ~s-p¢cifically and explicitly so that they
can be clearly undefs_J;ood and implemented by the disciplineoriented scientific coininunity. To my knowledge, this job
has only been done for magnetic-confinement fusion research.
I would very much like to see it done for geothermal and other
even less tractable areas of energy research.
Thank you.
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LBL-UCB Geothermal Power Development Program
Paul A. Witherspoon

The Lawrence Berkeley Laboratory (LBL) in conjunction with
the University of California (UCB),:Jhas a comprehensive program to
demonstrate the usefulness of geothermal energy and to encourage its

..

development by industry at as rapid a rate as is practical.

The potential

of this natural resource is known to be yery large but the technology to
carry out the necessary development and utilization of geothermal resources is far from ·adequate.·
E'Fperience in other related fields will, of course, be helpful.
. The mining and petroleum industries have perfected methods of exploration
and drilling as well as resource evaluation that work quite well for their
type of mineral deposits.

This experience will be useful in geothermal

applications but extensions of this methodology are needed in exploring
for heat sources because we are dealing with a different kind of energy
accumulation.

A new approach is also required in selecting the appro-

priate method of energy conversion at the surface.

Here, too, a vast

technology in designing energy conversion systems has evolved, but
much work is still needed in selecting the process that is best adapted
to the low quality heat sources that.;prevail in geothermal systems.
Because of the different modes that heat can accumulate in the
earth' s crust, geothermal systems have arbitrarily been classified in

..

four groups:

(1) vapor-dominated hydrothermal systems, (2) liquid-

dominated hydrothermal systems, (3) dry hot rock systems, and (4)
geopressured systems.

Since the liquid-dominated appear to be much

56

more preva:le1~ than the vapor-dominated systems, the LBL- UCB effort
is being

c~ri~~n:trated

on the former.

The geopressured and dry hot rock

systems are being investigated by other laboratories within the AEC
program.
The LBL- UCB program was started by considering regions in
which geothermal fluids in the temperatur.e range of 150°C to 230°C
(300°F to 450°F) may be economically accessible.

In the western U.S.

these regions are primarily located within a g-reat geomorphic basin that
includes most of Nevada, south-central and southeastern Oregon, southern
Idaho, western Utah and southeastern California east of the Sierra Nevada.
Aided by the U.S. Geological Survey, relevant information on the Great
Basin has been collected,and our initial field work has been centered in
north central Nevada.

The choice was based .on USGS data indicating an

area of high regional heat flow with appreciable temperatures at depth
determined from chemical analyses of hot-spring waters.

Buffalo

Valley just south of Battle Mountain, Nevada, was selected as the first
area for detailed field work.

Two other sites, one near Leach' s hot

springs in Grass Valley and the other near Kyle's hot springs in Buena
Vista Valley will also be investigated depending on the outcome of
investigations in Buf_falo Valley.

Figure 1 shows the location of these

three valleys relative to other geothermal exploration activities in
Nevada.
In view of the wide diversity of problems that are involved in the
development of

geothermal energy from hydrothermal systems, the

LBL-UCB program has been organized so as to be comprehensive in
scope.

One major effort is directed toward the construction and
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operation of a 10-megawatt experimental power plant.

Another major

effort is to develop a concurrent research program that will concentrate
on some of't~e major technological problems that must be faced in finding
and developin'g liquid-dominated systems.

The following describes the

major aspects of the LBL- UCB program.
Site Selection and Reservoir Definition
A key problem that must be solved if the development of power
from hydrothermal sources in the United States is to reach significant
levels is that of developing methods of locating the geothermal anomaly
and defining the size of the heat reservoir.

The main thrust of the LBL- UCB

program in this regard is to examine existing geological, geochemical,
and geophysical methods and to develop new approaches that hopefully
will give more positive identification of a geothermal site than has heretofore been possible.
A number of geophysical methods will be investigated because
there does not seem to be any unanimity of opinion as to what constitutes
the best method(s) for geothermal exploration.

Improvements are needed

in simplifying the field measurements and in reducing the number of
methods so that relevant reconnaissance techniques can first be employed
as a means of guiding the subsequent more detailed surveys.

Table 1

lists the various methods that we plan to investigate using specially
designed equipment that is not yet commercially available.
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Table 1.

Geophysical Methods for Geothermal Prospecting

1. Deep Resistivity

7.

Heat Flow

2. Magneto tellurics

8.

Airborne Multispectral

3. Tellurics

9.

Radiometric

4. Electromagnetic s

:•

5. Micro earthquakes

10. Gravity
11. Magnetics

6. Seismic Noise

Drilling and Development
When the geothermal reservoir has been delineated as accurately
as is possible by surface methods, a program of drilling and development
will be carried out to confirm the presence of the reservoir and define
its location and _dimensions more precisely.

One test well will be drilled

to depths of the order of 4000 feet to_ 6000 feet, in order to gather subsurface information.

This test well will be cored so that porosity and

permeability data on subsurface formations may be gathered, and fluid
production tests will be carried out to determine productive capabilities
at different depths.

Down-hole temperatures and various electric and

radioactive well logs will be combined with laboratory determinations of
brine chemistry to better define reservoir characteristics.
If the results of the test well(s) are favorable, a series of about

five wells, three for production and two for reinjection purposes, will be
drilled and completed.

The depths of these wells and the distances between

them will be controlled by estimates of the subsurface separation required
to prevent reinjection fluids from having any adverse effect on production
well performance.

Final spacing for production wells will be determined
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by the reservoir characteristics, and the total number of wells will
depend on plant requirements and individual well performance tests.
'

.-~

When the

ge6m~'trical extent, production characteristics, temperature

and brine

che;f.9-i'~~try

~:ci.f~t~~~:.~'
'~· ,_..... ~··~·- 1'

of the reservoir have been established as well as is

~.:".jf. i

possible with{ri' the allowable time frame, the final de sign of the field
experimental plant will be accomplished.

Experimental Power Plant
The experimental power plant will be designed to produce 10 megawatts of electric power that is to be sold to a local utility.

Since the plant

will be experimental in nature, it will include much more instrumentation
and provision for component testing than would normally be the case.
Figure 2 shows an artist's concept of the overall plant arrangement.

One of our problems is to proceed with a conceptual design of the
experimental power plant when field data on temperatures of the geothermal waters at depth are not yet available.

Although definitive data

are lacking, geochemical investigations by USGS have provided a rough
estimate of the temperatures to be expected.

On the basis of these

data, we have selected the bifluid energy conversion route and are now
involved in a conceptual design using the conditions given in Table 2.
Table 2. ·Conditions for Conceptual Design of
LBL-UCB Experimental Power Plant

1.

Estimated water temperature

200°C

2.

Isobutane temperature at turbine inlet

180°C

3.

Isobutane pressure at turbine inlet

600 psia

4.

Isobutane condensate temperature

38°C

5.

Maximum dry-bulb temperature

27°C

0 0

) 0 4

0

b

2

7

61

1-

z

<(
_J

CL
a:
LlJ

<Cs
0

a:CL

o_J
u..<(

>a:

0

1<1:

a:
0

co

<1:

...J

.>-

<1: w
u)
:::J ~

u:
a:

·w
C5 co
~ w

wo

z
I-~ z w

(La:
ww
()~
zo
ow
()(!)

zC:

a:3:

W<l:

:I:...J

1-w
C: I
01-

z
~?a

b.()

62

As indicated above, we are currently investigating the applicability of isobutane in our

ronceptual design, but we are also developing

a computer code that enables one to simulate the use of other lowboiling-point liquids in the energy conversion process.

Using this

numerical approach, it is possible to investigate various secondary
fluids to determine optimum plant. conditions for the field constraints
(temperature, pressure, flow rate) that are likely to develop.
An important feature of the power plant will be the test pad.
This facility will be an integral part of the plant and will be provided
with outlets for all of the major fluid stream.s and services.

The test

pad will thus provide a convenient means of investigating new components under realistic field conditions.

Research and Development Program
A basic part of the LBL- UCB project is a continuing program
for the advancement of geotherm.al technology.

The research program

involves the design of experiments to be run in the field using the plant
facility and a program of data analysis, theoretical studies, and
experimental laboratory work at Berkeley.

The overall goal of this

work is to enhance our ability to make geothermal site selections,
evaluate reserves, select appropriate energy conversion methods,
solve environmental problems and lay the groundwork for economic
analyses.
(a)

Geophysical Methodology

.P,._s indicated above, a number of different geophysical techniques
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will be studied in an effort to select those that are best adapted to the
special problems involved in geothermal exploration.

In some of these

techniques, the levels of precision and electrical power input have recently
'

.

-

become much greater requiring improvements to be made in the interpretation of the resulting data,

We are therefore .developing computer

programs to minimize the time required for determining electrical
resistivities in two and three dimensional arrays.
to develop statistical

met~ods

It is also necessary

of differentiating between relevant and

extraneous data and to improve our ability to detect the effects of nonuniformities in the underground systems that give the false appearance of
a geothermal reservoir.
Essentially all the geophysical methods of exploration have been
developed for the mining and petroleum industries.

The geophysical

principles that were relied upon iri designing instrumentation were based
on the special characteristics of ore bodies or petroleum accumulations.
A geothermal reservoir, however, presents, a new type of exploration
target because of the presence of abnormal amounts of heat and the fact
that there is a significant movement of fluids in such systems.

We are

therefore going to investigate the possibilities of developing new methods
of delineating geothermal systems or of combining existing geophysical
techniques in a new way.
(b)

Rock Fluid Systems at High Pressures and Temperatures

To understand how a geothermal system is formed in nature and
how it may behave when disturbed by man, one needs certain basic data
on the behavior of rock-fluid systems at high pressures and temperatures:
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In order to interpret data from seismic and sonic underground probing,

.
· 1·.

one needs the velocity of wave propagation in rocks..
··~

.

To interpret

.

temperature grac1ients and calculate the effects of heat flow, one needs
measurements of thermal conductivity and heat capacity. as well as
porosity and permeability.

Compressibility data on rock.s are needed to

investigate the problem of comp~ction ar1d. subsidence in geothennal
systems, and thermal contraction data are needed .to prec1ict whether
contraction cracking may occur when cooler waters are injected into
a hot reservoir.
A review of available

literatu~e

will reveal that the properties of

rocks at temperatures up to 400°C and pressures up to 20,000 psi are
not available.

We currently have equipment capable of operating up to

200oC and 12,000 psi, and are therefore building new equipment to reach
the maximum levels that we think are

neces~?ary.

:r'he following laboratory

measurements _will be carz:ied out on geothermal rock samples:

( 1)

thermal conductivity and heat capacity, (2) ,dilatational and shear velocity,
(3)

comp~essibility,

and (4) porosity and permeability.

By making

measurements on a sufficient number of samples, we also will investigate
the application

of correlations for predicting rock properties that have

been developed for rocks at low temperatures up into the range that is
expected in
(c)

geothermal systems.
Hydrothermal Modeling

An understanding of the origin and behavior of hydrother.mal
systems is basic to the development of geothermal technology.

What are

the dominant mechanisms that control thermal energy transport from

Q Q 0 0 t4
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the deep sourc-e up to those levels where commercially interesting
concentrations of geothermal energy can accumulate?

How do changes

in the geological conditions affect these mechanisms?

Having found a

geothermal reservoir, should it be treated as a mineable resource with
a definite economic life or do the >hydrologic controls suggest that it
should be treated as a replenishable resource?
'T'he technical problem is to correctly formulate the conservation
laws for mass, momentum and energy.

Definition of the applicable

boundary conditions within the geological constraints is an essential
part of the problem.

With the problem correctly formulated, it

remain_s to evaluate numerical computation methods and develop an
efficient computer code or perhaps group of codes that will provide a
suitable methoq of hydrothermal modeling.
'We have already developed multi-dimensional computer codes
that enable us to investigate the single-phase behavior of geothermal systems,
either as a vapor-dominated (compressible) system or as a liquiddominated (slightly compressible) system.

These codes are now being

used to investigate geothermal systems on two levels: the steady- state
system before man disturbs it and the transient behavior that results
when geothermal fluids are produced.

We are now working on converting

these codes to handle two-phase behavior. One very important problem
that must also be resolved is the effect of subsurface reinjection of the
cooler waters that must be disposed of during normal oper-ations.
{d) Energy Conversion
In conjunction with the power plant design, we have also been
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investigating energy conversion power cycles.
become
cycle,

... : ·-

apparent that a great number of parameters such as type of

s~~~·ndary
•

'

.

•

During this work it has

fluid selection (in the case of a hi-fluid system),

I

secondary fluid pressure, and type of waste-heat system should be
optimized with respect to cost for a given brine temperature.

Therefore,

a thermodynamic process program for numerical simulation o£ geothermal
power plant cycles has been developed.
calculate ·process

This computer program will

parameters using flashed-steam in a steam ·turbine

system, a two-phase turbine system, a hi-fluid cycle system, or any
combination of

these

systems.

By using computation techniques and

data developed at Oakridge National Laboratory, the program is capable
of using a wide range of working fluids (i.e., water, ammonia, Freon 22,
Freon 113, and isobutane).

Effects of heat loss and fluid frictional

losses are also calculated by the program.

Cost optimization capability

is incorporated within the program; so that when cost data information
becomes available, the cycle parameters can be ·adjusted to produce
electrical energy at minimum cost.

The program will be used to continually

review the performance and cost of the plant and will be able to incorporate
operating data from the working plant to improve future plant designs.
(e)

Brine Management

One of the difficult problems that has become quite evident in the
actual operation of geothermal power plants around the world is that of
brine management.

The kinetics of silica precipitation is a fundamental

part of this problem and we have begun a laboratory investigation on this
subject.

Apparatus is currently under constru($tion to enable us to
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examine the behavior of brines of various concentrations at temperatures
up to about 300° C.

The brines will be fed through flash chambers and

heat exchangers at various temperatures and pressures at appropriate
•M

\~

rates to simulate conditions and residence times for the piping systems
and plant components that are under consideration for the full scale operation.

The main objective will be to investigate departures from chem-

ical equilibria and rates of approach to equilibrium.
will also be important in checking plant design and

i~

This information
selecting test condi-

tions for experimental studies using the plant facility.
Another investigation will be concerned with the thermodynamics of
geothermal brines.

The objective is a set of equations predicting the

various thermodynamic properties of mixed aqueous electrolytes within

.,

the range of temperatures, pressures and components prevailing in geothermal systems.

Methods that have be_en successfully applied in other

research at LBL will be extended to higher temperatures and pressures.
An extensive collection of experimental measurements, many made at
Oak Ridge National Laboratory, is being organized for use in this program.
The properties considered will include both the free energy and the enthalpy and will thus provide the basis for both solubility calculations and
various heat transfer or heat balance calculations.
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GE01HERMAL POWER DEVELOPMENT CONFERENCE:
TRANSCRIPT OF OPEN DISCUSSION
Chaired by Dr. J. C. Bresee

We are going to try to use the format that anyone who has any statement
or question or comment, please identify yourself. I will attempt to repeat what
was said to provide good amplification, and then to the extent a response is
required, I'll try to draft the appropriate responder. Let me make a provocative statement to start off the afternoon. The AEC has no preconceived ideas
of what type of industrial cooperative is best either from the standpoint of
the government or from industry in order to accelerate geothermal commercialization. The AEC has no interest in developing any governmental power generation
capability. The experimental facilities we have been talking about are that
they are. to be designed to provide technical data, economic data, and test
facilities and are not aimed at power generation per se. We are open to
suggestions, either informal or written proposals of any kind, concerning
government and industry relationships that might seem appropriate.
You have heard today about our present program, which is officially six
months old. So it is by no means locked in concrete. Many people with programs
like these try to do five-year plans reflecting goals and means to achieve them.
Obviously these five-year plans reflect the prejudice of the planner. I have
participated in many such exercises and I know whereof I speak. We have
described our present and long range plans but I want to begin the discussion
this afternoon by saying that we are very interested in alternatives, in ways
we can improve or modify or even drop present activities in order to maximize
the value of our research and development activities.
I have a note which says that the list of attendees is now available so
that anyone who would like can get a copy at the back of the hall. Okay, we're off.
David Anderson, Geothermal Officer, State of California. Does the Atomic Energy
Commission have a program where it can honestly evaluate their research such as
industry has to, or if you are under a grant by someone else, are you criticized
or evaluated by somebody else?

. I
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:. ''Does the AEC have a mechanism for .self-criticism or better still,
independent outside criticism to evaluate its program?" The question I guess
could be· asked of the whole AEC program in all areas of energy research and
perhaps even better still of the whole government energy research activity. We
do not have a formal mechanism in geothermal energy for an industrial advisory
program, but we've talked about it and had every intention to establish such
an advisory activity. At the moment program criticism is self criticism by
normal management methods. One always wonders how critical you really are
when you're criticizing your own work. We have used for two years, during the
planning process of the AEC program, a coordinating committee consisting of
members from all the participating AEC laboratories plus USGS, and the Department of Defense. We have had the benefit also of National Science Foundation
review of our programs. As you know, the National Science Foundation is the
lead agency for the U. S. government geor~ennal development activities and so
they are officially responsible for reviewing and coordinating our program.
These AEC coordinating meetings I've just mentioned have been held every three
months, and we have been fortunate enough to have many people who are present
here today attend one or more of these meetings ru1d give us the benefit of their
thoughts. We do not have at the moment a formal industrial advisory committee,
but I hope very much to form such a committee.
Dick Jodry. I'd like to speak simply as a taxpayer at this point. I'm most
familiar with exploration in the geothermal field, but I'd kind of like to
limit my remarks to this particular·branch of it. The thing that really disturbs
me is I see the National Science Foundation, the Atomic Energy Commission, the
USGS, the Bureau of Reclamation, private industry -- all doing the same thing
at a very large expense and we talk about millions, tens of millions of dollars.
There seems to be just a tremendous amount of redundancy, a tremendous amount
of money being wasted; how does the AEC justify, for instance, going up the
Raft River area and spending all the money that they're spending on exploration
when it has been done by other people, and is being done by other people? At
times up there you need a traffic cop to direct the crews. What is the justification for the redundancy, particularly in the AEC and NSF, and how can you
justify the exploration work you're doing?
Bresee. Well, let's talk a little bit about the five or six agencies of government involved in geothermal. The questions that you have asked, of course, are
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questions we have asked ourselves and the Office of Management and Budget in
particular is asking, and we have been through now a series of reviews, the
latest dated 1 June 1974, in which the entire national geothermal program is
re-examined in an effort to establish how much of it is a waste of the taxpayer's
money, and how much of it does fit toge~her in ?orne coordinated fashion~ I read
the report in final draft. I guess my feeling is that I'm less certain than you
are that it really is a tremendous pverlapping and wasteful activity, I ~o
think the geothermal programs of NSF and AEC are the ones that have to be watched
the most carefully to avoid repetition and unnecessary redundancy. On the other
hand, I'm not convinced that healthy competition, even some things that look
like parallelisms in the development programs, is necessarily bad if we're trying
to telescope~ if we're trying to accelerate technology which I think most of us
are quite interested in seeing brought on line quickly. Let's go back though,
to the question of the traffic cop and the Raft·River. Would anyone from the
Idaho activities care t~ comment on that statement?
'

Robert Brugger, Aeroj et Nuclear Company, Let me speak to this point. To my
knowledge there is no or very little National Science Foundation involvement
in the Raft River area. We are relying on the USGS to do most of the geophysical,
geological work, so we are not duplicating their work except to provide checks
for our own information. There may be considerable private involvement in ~hat
area but usually we cannot get hold of this information, so we have to duplicate
it, If they are willing to make it available and in a few cases, they have been,
we are very pleased to have it and to use it and then not duplicate. it, just
check it.
Dick Jodry, Sun Oil. Just for the record, one more time, we have done about
everything in the Raft River -- I'm speaking as a representative of the Sun Oil
Company now, also a taxpayer -- we went in there and we've done just everything
on the chart of things to be done out there including SP (self-potential) that
someone said they were going to do, and we made an offer to the AEC that we
would by this time have drilled two wells if we got low temperature fluids,
give them to the AEC as a gift. The money is still being spent and our offer
obviously was not taken up. We spent a lot of money in there and the USGS is
in there now duplicating things we have done. Now this to me is a waste.
Bresee.

I think that I talked to you on the phone one day in connection with
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just that p~~posal. If that telephone conversation constitutes the proposal
you were discussing, I think it will need to be a little more formal. One of
the things we are trying to do through this meeting is to elicit specific
proposals in writing that might allow us to make such a choice, and I can assure
you that any proposal of some type of public/private joint programs, including
the type of proposal that we just heard about from Sun Oil, would be very seriously
considered and it may very well replace an on-going governmental activity. So,
I urge any of you here who have ideas for such activities to put them into a
form in which we can seriously consider them.
Hamilton Hess, Sierra Club, Geothermal Coordinator for California and Nevada.
I would like to ask to whom you are responsible in these various areas for
industrial safety, well casings, blowout prevention, environmental protection,
monitoring of environmental impact? Are there federal agencies, are you responsible to the Federal government, or how is that handled?
Bresee. In any kind of pilot plant and other R&D activities, we are responsible
under the National Environmental Policy Act of 1969, and we must prepare environmental assessments and environmental impact statements to cover the federal
involvement in any kind of development which can have a possible effect on the
environment. These are public documents and are subject, of course, to critical
review by outside parties. Now, in addition to the Federal environmental
responsibilities, there are state responsibilities which I would have to call
upon someone else to speak on. Certainly in the case of .the Lawrence Berkeley
Laboratory's activities in north-central Nevada, there are specific responsibilities under the State of Nevada's safety and environmental control. Would
anyone care to describe that? Ken Mirk, are you here?
David Anderson, California Division of. Oil and Gas. I can say something on that. On
the East Mesa project which is going on, the Bureau of Reclamation is drilling wells
right now, and we were invited to go out and inspect blowout prevention equipment.
We found some inconsistency and we called the Federal people and we sent some letters,
and we find that within the Federal government, the regulatory responsibilities
for those wells on the East Mesa belong to the Bureau of Reclamation. We also
found that the AEC wells in New Mexico belong to the AEC, the NSF wells in
Montana, their regulatory responsibility belongs to them. So I would say to

0 0

4

. ,.
2..

0

'

73

the State of Nevada, as far as any regulatory agency there goes, good luck.
Dave Mendive, Public Service Commission, Nevada. In Nevada we do have a utility
and environmental protection act that was enacted through our s~ate legislature
in 1971, that requires that anyone putting in an. electric generating facility
of any capacity must obtain a construction permit from us prior to start of
construction.
Bresee •. That was certainly my impression. I am presuming that there will be
some type of regulatory activities which should apply under state law to the
entire program, but again, am completely out of my field. I wonder, Ken, do
you have any comments? Ken Mirk, who is in charge of engineering for the LBL
program.
Ken Mirk. Well, we would certainly follow the dictates of the Bureau of Land
Management in the agreements that we have, in permits we have received thus far
to work on their land. Some of these are stipulated. Any time we receive
permission to go on Bureau of Land Management land, from the Bureau of Land
Management, there are certain stipulations that we must follow. And so we are
under their dictates, as to what it is we do on their land what regulations we
apply to them. Any Bureau of Land Management personnel here who might want to
comment further?
Bruce Hellier, U.S.Geological Survey. I might say that this regulatory discrepancy is under consideration now, and I think that regulations will be coming
out very shortly covering all governmental geothermal research programs on
public land which will be under surveillance of the Geological Survey. In
other words, the government research agency will be operating under the same
ground rules as industry.
Don Finn, Geothermal Energy Institute, San Francisco. Dr. Bresee, addressing
myself initially to the notice to be published in the Federal Register with
respect to the conduct of the Atomic Energy Commission's research and development
activities in geothermal energy, I do not think_ it is useful to have a simple
30-day comment period when this was mailed from Washington D.C. on June ll in
the Federal Register since it takes two weeks for.that document to reach
California, Alaska, and Hawaii. I don't think that the time allowed in the
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Federal Registei:. ,notice is sufficient. I don't think you can legitimately or
>·'''' .. ·-·fairly ask in:qtistcy to respond July 11. I do read the Federal Register every
day, as you klio'W~· ·and write back to the Commission once in a while, and I
seriously would urge that an extension of comment time be considered by ~ou.
I would have some requests with respect to your proposed program. What's your
budget? Again going back to the document published in the 19 July 1973 by your
distinguished Chair Person, The Nation's Energy Future as given to the President,
I see that out of the 10 billion dollar budget for fiscal 79, something in the
order of 6 billion dollars in nuclear development, 2.1 billion for coal gasification and mining and so forth, ru1d 185 million dollars for geothermal, and
that's just not going to be sufficient to do anything on a practical basis. I
think that Dr. Witherspoon can very conveniently handle that amount by himself.
I think essentially what I see lacking in the AEC/NSF program in geothermal
is a parallel, practical program to bring on utilization technology to demonstrate
the practicality of the geothermal resource which would parallel the basic R&D
and longer term works such as Dr. Austin proposes. I think there's a serious
gap in the program. I don't see how you can expect industry to respond in a
meaningful way at this point without a clear explanation of goals and objectives
on the part of the Commission and the NSF, or the government as·a whole as to
the motivation and intentions of this program. I would be interested to know
if other proposals, solicited or not, have come to the government even if it is
oral such as Mr. Jodry's. I think when Sun states orally that's a pretty powerful
statement. Why aren't these things pursued?
I notice that there's an indefinite term in the future as to when this
proposed program would take effect. At this point you're only asking for
comments and not for proposals. And specifically then, I would make this
comment, that one thing again I think we've seriously overlooked in the governmental program,although it is in Dr. Ray's proposed budget at the tail end,
where there is an indication that special attention will be given to the institutional, legal, social and environmental issues bearing on utilizations of
geothermal energy. I see a Tack of that. I know Dr. Sate at Law School here
at Berkeley is doing a conceptual legal study for the framework of the ownership
of the resource, but I get back to the practical problem I raised earlier today
with respect to the Battelle study. Why is it that the economic incentives that
industry desperately needs so IIUlCh are not being analyzed, discussed, or moved
forward on the administration side, or on Congress's side? Certainly industry
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has diligently and urgently tried to pursue them. If we cannot get the economic
incentive to build a geothermal well, up to date we're not sure that we can, as
we can to find coal, oil, natural gas and uranium, then this resource is not
going to get itself developed. And I think that that's what Jeff Robson said
in the April 19 science article that rather brilliantly sums up the state of
geothermal -- we_'re already five yea,rs behind on the goal of the Hickel Connnission.
On the industrial side, I again have; this criticism of the program, that the
connnission and the government is not looking at our problems, they're not
permitting us to go out and get into this hall game in a tremendous way. And I
think we have psychologically and practically reached the critical point in
geothermal energy. If we don't see one or two more power plants outside of the
Geysers, as someone said at the Asilomar conference last week -- I wish I could
.
.
attribute the remark, but I forget who said it -- we're going to have two great
tourist attractions in California, Disneyland and the Geysers, and that's going
to be the end of the interest that we see expressed in this room by people taking
the time and effort to come here. I see a desperate need to bring on the immediate
term known technology. I've talked to one distinguished member of your staff
and he tells me that the Connnission·'s not interested in doing what everybody
can do, and yet Dr. Witherspoon tells us he'll consider a flash steam plant.
We've got flash steam plants in Otaki, Japan; Tararua, Wairakei, New Zealand,
and Cerro Prieto. We've got them in Russia. We don't have one here. I think
if we're going to demonstrate to the people in Washington that this is a real
resource, we've got to bring on some technology. Industry is ready and willing
to do it given the equal amount of incentives, but we don't have it' yet, and I
really feel deeply about that.
Bresee. I'd like to comment on ~ few of the points that Mr. Finn raised. The
185 million dollar figure that's quoted in the Ray report as I mentioned earlier
today, was a considerably scaled down figure from the recommendations of the
panel that tried to analyze what the government role should be to produce
20,000 electric megawatts of industrial investment by the middle 80's. That
number and many of the other recommended budgets in the Ray report were limited
by the June 29, 10 billion dollar, five year activity that the President set
well in advance of the energy problems occurring later in the year. The likelihood is that the Federal government investment in energy development over the
next five years will be considerably larger than 10 billion, and I would hope
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for a significant scaleup in the geothermal activities, perhaps double, although
I have no specific basis for that m.unber. But I would agree that the reconunended
total represents a very small effort when you consider how broadly it has to
':,t
be spread, including rl:tthet::.expensive regional analyses carried out with USGS
';i ~~ ~- '."'r·.'/_
supervision and so forth;·,;~,The money would be used very quickly, particularly
., ......
if there are many 20 million dollar pilot plants totally fnnded federally. I
hope we do not need to do so.
On the general question of incentives for industrial development, that is
really the purpose of the meeting today. It was the purpose of the Federal
Register notice. Incidentally, the Federal Register notice I believe officially
requests responses within one month, by July 11, but it also states that to the
maximum extent possible, any conunents received after that time would be considered, and I can assure you that comments received later will be considered.
We will consider all conunents equally and be glad to receive them as soon as
possible. I hope everyone here either has or will shortly after this meeting
receive a copy of the Register notice. We will seek to publicize it as widely
as possible.
This Register notice and the meeting are attempts to get ideas so that
when we come to the stage of writing RFP's (requests for proposals), they will
reflect the best judgments we can get from potential recipients of those RFP's.
We will continue to be interested in unsolicited proposals and be delighted to
receive them. They need to be in writing because we have to worry about patent
clauses and other such details. We do need more than just expressions of interest.
But in the area of RFP's we did not want to prepare a Federal Register notice at
this time which was too defined or too detailed. And so, if the Register notice
appears a little vague, it was deliberately so in order that the next cycle
could avoid a lot of misunderstanding, and we could converge rapidly on a mixture
of the ideas that we bring to the program and those we can solicit from the
attendees here. I understand Mr. Finn's concern, but I think we will be moving
in that direction.
As to the issues that you raised regarding legal and social and other
constraints, that is an area in which the National Science Foundation is planning
a lot of effort. We have some NSF representatives here, and I would be delighted
to have them respond to it. It is not an area in which the AEC has any special
talents, and we didn't choose to try to put our efforts into that area. If the
AEC does have something to bring to geothern~l, it is in the area of basic
J..
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physical science such as geology and geochemistry, and in some of the engineering
capabilities that have grown up through other power programs. So we have concentrated our efforts there.
You may remember from the ·Ray report that·geotherrral developed was divided
into four general classes of problems: exploration, legal, political and similar
constra~nts, resource development, and supporting technology.
The principal
:
effort of the AEC program is in the'resource development area.
The Berkeley study by Professor Sato is sponsored by NSF. Do we have any
comments from NSF? Ken Brunot is here someplace, since I saw him earlier. No?
If not, perhaps we should go on to other general·comments.
'

'

'~

B. Greider, Chevron Oil Company. Along the line that you were just pursuing,
I notice that each lab has the research pa:rt at the start of the program, i.e.,
understand the resource, locate the resource, and develop methods to do that
whether it's in Raft River or in Los Alamos or here in Berkeley. This is a good
objective, however, it's as if each is doing it independently. Dr. Witherspoon
lined up everything you could possibly do. We are as an industry, not just our
company, doing most of this. I do~t if any one of us individually has done all
eleven ,<?n any given project as the program seems to indicate, And I ' 11 underwrite that his magnetic interpretation of t~e Curie point is correct -- it's
about 510°, but the SP (self-potential) is good, the deep resistivity system is
good, they're all good; it depends on where you are and how.much money you have.
But one point there that didn't come out, I didn't see any funds to ask industry
if they had sites that met this criteria. Now I've yet to have anyone specifically make a request to find that out, and I could see this is the realm that
would move the time scale, maybe three or four years, and to me this is critical
to get the expertise on power generated involved in that and conversion to
useful form, whether it's industry or in government. That's the objective,
anything that can shorten that period. That's why I asked the question
originally ab~ut 80 acres, is that sufficient? If it is, we can pinpoint 80
acres with the very characteristics you name. But, two weeks ago I was working
on a proposal thinking naively we could go in that direction. And I read
Sunday's paper where I think people in Berkeley were severely criticized for
spending due time to go up under the auspices of a private company and conduct
geological research on a geothermal project. In fact, if you allowed them to
continue they were going to spend $10,000 and thereby prpstitute this private
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company in a sense with that sum of money. So I promptly tore up the thing I
was getting ready to submit. I will submit this: if you feel there is a
price and the government wants to ask industry, then we will respond. But
as private companies, we can't ask you to do our work, but as government you
can ask us to aid in your projects.
Bresee. This I think is a very interesting possibility. It may very well
constitute one of the first effohs_ for us to try to prepare an RFP, which
,._;},
would be. a formal solicitation thtpugh the Federal Register asking for proposals
from private companies that would have geothermal holdings, and in particular,
who would be willing to share the reservoir information. One of the problems
in establishing such a relationship is that we want to be able to describe in
considerable detail the reservoir characteristics and performance during pilot
plant tests. But I think we will try to pursue this approach as an alternative
to staying on Bureau of Land Management land exclusively. One of the problems
that we have discussed is how to handle the criticism that may ultimately result
in selecting a particular contractor, after presumably a completely fair solicitation of all possible sources, thereby enriching the contractor because land
value would rise after the resource is developed. It is a difficult area and
I suppose the natural temptation is just to shy away from it and to stay on
public lands and merely prove out a government resource. I think that's too
easy and may in fact constitute a delaying tactic. I think we will have to face
this problem. With the help of counsel and perhaps some specialized advice from
the anti-trust people in the Attorney General's office, we may be able to work
out a system whereby we protect the public interest as well as the person who
ultimately wins such a contract. He who engages in such a program may be enriched
as a result of a successful development, or he may lose his. ·shirt because it
did not come out the way we wanted it. As long as there was a fair method of
selection of contractors I think we should try to follow this avenue as an
alternative to our present approach. We will certainly try to develop such a
program.
~~'W
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Bob Greider. I was not thinking in terms of industry doing these contracts,
I'm merely saying when you start wandering over 150,000 acres trying to find
a place to set down, i f someplace has been identified, make those available.
Withdrawing our interest from that, for the time of the test period. At the
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conclusion of the research test, dismantle or move; Now the Italians, as you
know, move their 10,000 kW plants andre-erect them in two weeks. They're
very portable, moving them around for testing and evaluation of the reservoir.
That woUld be the final concept I think. That it can be moved away, the property
either leased and returned to its former condition, or sold for _salvage value,
or whatever. There are many aspects. This is what I meant. Places that could
speed that up. -Now if-you wanted you could contract that.
Bresee. I suspect we would need some legal documentation. Maybe not a contract;
perhaps a letter of agreement. In the RFP process one has to be very careful
about this idea of private enrichment as a result of government funding. We
are just going to have to work our way through it very carefully, seek as much
advice ·as we can, not just fran the legal connnunity but from the business
community and industrial interests, and see if we can't develop such a program.
And we:will·certainly pursue it, in part becaUse we have wanted to in the past
and certainly in part because of the stimulation of this meeting.
Ken Dyar, Public Power Council, Vancouver, Washington. I want to understand the
time table. The Federal Register indicates comments by the 11th, and you
continue to. talk about request for proposals. Am I being misled in my own
thoughts that the request for proposals will come after July 11?
Bresee. I am not sure everyone heard the question. Mr. Dyar from Public Power
Council, is asking about the Federal Register. This is a general statement of
the intentions of the AEC in geothermal development. Yes, we are seeking
comments on this initial publication, including those that follow the July 11
deadline. Later there will be developed specific requests for proposals in
many areas, including hopefully, those alluded to by Mr. Greider who was talking
about a specific relationship between a private land holding and a federally
funded geothermal pilot plant. There are many other places where we feel RFP's
will have to be developed, perhaps for a specific hardware activity like a
downhole pump or downhole heat exchanger, or something of that sort. There
will be follow-up publications.
Ken Dyar. There have been several comments made -- I suppose most of you are
aware that the Raft River 'Electric Cooperative already holds probably 100,000
acres in leases over there. One hundred three utili ties have pledged their
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support to Raft River. Developers of that lease work through an R&D program.
Hopefully, the goal that we have as the end result is commercial development
using low-temperature, low-salinity water. So in all deference to Sun Oil
Company and Mr. Finn, we stood prepared, ready, willing and able to bring land
and dollars to that project over there since last August.
Frank Morrison, UC Berkeley. I'd like to make one corranent just to clear the
air a little bit in response to Bob Greider's comments. We entertained a member
of his staff at LBL one afternoon, and had·a very profitable discussion with
the various problems in geothermal exploration· and development, and in the
course of that conversation we specifically mentioned that we would like to
conduct some research on lands held by Chevron, and on which Chevron was at that
time drilling a well. And arrangements fell apart when we brought up the subject
that as a public institution the results of our work would eventually have to
become public, they would have to be published. And that brought the discussion,
at least at that level, to an end. It's perfectly obvious to everyone I think,
that it would be pointless for us to engage in research and the development of
geophysical techniques on land for which there was no possibility of proving
those studies with a well. So, in all our .negotiations
with people when dis.
cussing cooperative arrangements such as requesting penilission to do some of our
experiments on their land, we had to have assurance that we would receive the
information from any wells that were drilled on that land. In some cases we've
been successful in that arrangement, in others we've been turned down.
Greider. ·I don't know of the land you wis~ to use, Frank, but my statement was
that you tell us the characteristics of the fluids you need for your experiments;
such as, temperature, salinity, pressures and volumes. We can then tell you if
certain lands would meet or haye a reasonable opportunity of meeting those
characteristics. But to specifically come to us and say we would like to drill
on that land or have you drill on it and publish the results of the tests depends
a lot on whether we have completed our iease inspections, and whether we have
completed our assessment of the area, so that we can proceed with our program too
without conflict. We have many other obligations and many leases with joint
ventures so other people are involved in certain lands that we have to work
with. That's what I meant to be cl~ar at the start. You tell us the characteristics you want so industry can assess its inventory of opportunities, and say
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here's one and here's another one. We recognize results must be published, and
I'd prefer they'd be published monthly on any government research project,
Might make that a requirement. We do have research projects of this type gotng
on with the University community in several places on our lands and they are
free to ;publish, as you recognize it started at the University of Riverside
with Bob Rex, who was free to publish reams of what we had, So, it can be
worked out •.

.•

Bill Brigham, Stanford University. There's a point that Greider brought up
about this lack of conununication. I think some of this has been running through
many of·the conunents that have been made here. There appears to be a certain
amount of intellectual incest among the AEC agencies themselves ; for instance,
someone here talked about the hot-dry rock work that they were doing and didn't
even mention the fact that Battelle is doing same hot dry rock work in Montana.
And obviously in these things there is need for communication. That's an onion
I'm throwing at you. I think when I'm throwing onions I also ought to throw
orchids, and then also tell you how to get rid of your onions, but first the
orchids. This is, I think, a first step and the sort of thing that you ought
'
to make great efforts towards doing more of. And then a suggestion about how
to make· your communications better. It's almost impossible to have a dialog
with this many people. The way to have a dialog in a technical system is to
have technical advisory conunittees from various other places besides AEC
associated places --,people from industry, people fran private research organizations, from universities -- that can give you some input as an on-going
thing so that can say, look, you're doing this wrong, or this is already known,
you don't have to do this. This sort of thing needs to be done, it needs to be
done very actively, and I think it has not been done in the past. If it has
been, it's been very highly hidden, and some people have conunented along this
line to me here and there during the day. What I'm suggesting to you is don't
just have your technological review being made by the people within the system
itself, but rather have it be broad based, and have it be 15 or 20 people at
the maximum, maybe 5 or 10 in each project or sub-project. And then get that
infonnation out. Okay?
Bresee. Let me comment on Prof. Brigham's statements. We are aware of the
Marysville effort, and try as much as possible to be sure that the work of
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Battelle is t~~~qinated with the work at Los Alamos headed by Mort Smith. Don
Stewart who h~~4~: the program does attend most of our quarterly meetings. I
did not mean ·t6aay in our discussions to imply that what we're describing is
all there is going on in geothermal energy. We are focusing on the AEC program;
there are, of course, many other activities with other agencies. I believe in
September there will be a larger meeting to be held down at the Jet Propulsion
Laboratory in which USGS programs, NSF programs, and AEC programs will be
described over several days to allow many people to come and hear about them.
I appreciate the comment about industrial advisory help. I appreciated particularly the help we received during the planning of the Ray report. OUr special
thanks to Prof. Brigham and Dr. Hamilton Hess, and representatives of Chevron
and others, who assisted in the panel operations that led up to the proposals
in the Ray report for the five year geothermal plan. I think that type of
advisory activity is very healthy and we will try to increase it. I thank
you for your suggestion.
John Arlidge, Nevada Power Company. I have to put in a little bid for the
utilities here. Mr. Greider talked to us about the industrial. I wonder what
efforts AEC and the other governmental agencies have made to contact West
Associates, Electric Power Research Institute, Geothermal Resource Council,
somewhere where the utilities can get their input also in this area.
Bresee. We're very aware of the need for the input from utility companies. I
suspect that AEC is more likely to go to utility companies for advice than
perhaps to the traditional energy companies, since the relationship between
AEC's nuclear programs and utility companies have been so close for so many
years. EPRI has recently added a staff member whose responsibility it is to
focus on geothermal energy, and we look forward to working with that staff
member, to insure that what is being done with any one utility company is made
of optimum value to the utility community. There have been contacts made of
the other organizations you mentioned, and we have a representative from a
very large group of public utility companies here today who's aware of our
attempts at making these contacts. We can certainly improve them and will
attempt to do so.
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·Gordon Glass, U.S.Federal Engineering Inc. I'm concerned that so much of this
discussion has been purely on site criteria and practically nothing has been
mentioned about new energy systems and particularly new turbines, which after
all, are a very essential ingredient
for successful
.,
,, geothermal testing. I
hope that all the priority is not going to go oil the acquisition of geothermal
site information and no priority given to the development of.new and revolutionary
turbines.
'

Bresee. I agree that that is an important part of the national program. It
is true at the moment that the emphasis of the AEC activities is on resource
"
development which necessarily has a very strong site component. However,
the
National Science Foundation activities, which are going to increase from fiscal
74 to fiscal 75 from 3 million dollars to 22 million dollars, will include a
considerable amount of work in component development activities, which I suspect
will include serious looks at the problems of improved turbine design. Do we
have an NSF representative here who can verify this?
FiiUl, I can connnent on the budget. Just last week at Asilomar it was
mentioned that approximately a quarter-million dollar grant has been given by
NSF to Bechtel Corporation in San Francisco, to do a phase zero feasibility
study on a more or less traditional wet steam system, and a .somewhat similar
grant, about $197,000, has been given to TRW in Los Angeles. I believe the
Sperry Rand Company is going to be working on a pump; however I have to second
the motion that both Jake Possell's bladeless turbine and Leonard Keller's
rotc-oscillating vane machine, and Franco's helical screw machine which is
producing electricity for back in White Falls and Cerro Prieto, and are detested
in this country because the utilities won't cooperate with pests. On the other
side of the coin, I have to even though I step beyond what Bob Greider of
Chevron said -- there are two men in this room who are truly pioneers in this
industry, and to whom we all owe our jobs. Alf Hansen of Thermal Power Company
and distinguished counselor, Joe Aidlin of Magma Power. Now Magma Power has
got some wells. Chevron may have some but they haven't really told us yet.
But Magma Power has more than some details. They can show you some actual
wells that can be produced. Thermal Power can do almost the same thing -- I
know o£other companies that can eliminate the entire exploration step, and
Don
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can deliver wells. And I think that could eliminate years of work and my plea
again would be tf',::have a better priority on the utilization technology and
another demonstrat~On plant. Also I feel there is a lateral criticism that
might be made of:the federal government in so far as the blueprint for operation
independence is concerned. The task force which will concern itself in giving
the geothennal input to an FEO or FEA as it is now (the Federal Energy Administration) is' solely governed. It's principally NSF representatives, one AEC
representative, one Bureau of Reclamation representative, one Department of
Interior, Reed Stone who's now at Menlo Park, but there's no industry participation. Nor is representation being actively sought, either from the steam
suppliers or the hardware manufacturers such as GE, which is redesigning a new
140 MW power plant especially for geothermal steam at the Geysers, or from the
utilities, and I think that again, I see a lack of real government interest in
permitting industry to have a real input, or permitting industry to go out with
your help, and bring on another power plant or two.
.~.

Bresee.

.. ..

'f, •

I appreciate the comments,

~tr.

Finn.

Gary Shulman, Geothennal Power Company, Elmira, New York. I just wanted to
announce that I have the availability of over a million horsepower in turbines
from Navy units that I've purchased. They're new and suitable for geothermal
pilot plants, 10 to 15 MW. These will be available for any use within six
months to accelerate your program. Pressure range is from 30 to 60 pounds gage.
!raj Ershaghi, University of Southern California, After all the onions and
flowers that they throw at you I think you need a break. So I'll direct a
question to Dr. Witherspoon. With this original research proposal, suppose
we assume that by your target date, all the tools that you need will be available
by service contracts. As an example, you indicated that you're going to do
some measurements on rock properties through logs. What I want to know is,
are you going to do same research along those lines or are you just hoping that
industry will came up with the tools that you need by then?
Witherspoon. We are currently building an apparatus that will reach 400°C'·in
20,000 psi. It'll be about 2 feet in diameter, a high pressure, high temperature
cylinder in which we will measure porosity, permeability, compressibility, sonic
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velocity, heat capacity, heat conductivity; in one instrument. The design is
available for anyone who wishes to look at it on the Hill, right now.
Audience Comment.
right now.

If you make that 9 inches in diameter, then we can use it

Bresee. One additional comment in connection with Mr. Finn's earlier statement.
·As Roy Austin mentioned this morning, we do hope at the. Livermore test facility
for power conversion equipment to test various industrial concepts including
bladeless turbines and the KROV device, and we will be pursuing vigorously the
evaluation of existing hardware and not concentrate on just inventing something
new foi the sake of invention.
Audience Comment. I wonder if the AEC is considering going after heat deep
in the crust. That thermal gradient heats at 1000- 1500°, which are available
at 10 mile depths. Have they given any consideration to that?
Bresee. Yes. If you read the Ray report you find a very ambitious long range
program identified as "normal temperature gradient resource utilization." In
other words, the idea is that eventually, perhaps on the East coast, at depths
of perhaps 25,000 feet, one might have temperatures of interest if not for
electric power production, at least for space heating. And I think most people who
have looked at these problems of very deep energy extraction have recognized that
the key is almost a breakthrough in drilling technology. A substantial decrease
in costs is required, and I think we've scheduled that breakthrough in about
1982. The other part of the question though, is related more to the extraction
of energy from magma and here we do have a basic research activity perhaps a
little bit closer to the surface than 10 miles, through George Kolstad's program
at Sandia. I would think that between the deep drilling activities associated
with normal gradient work and the magma work at Sandia, we would be at least
beginning to look at these longer range activities.
Audience Comment. In view of the present energy crisis, why isn't this
program being accelerated?
Bresee.

I guess what we're really trying to do is to assign some priorities.
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Many of us' who worked on the panel reports leading to the Ray report felt the
most important thing we, ,could do was to try to get power on line quickly.
This implied to us that.w~ would concentrate on the hydrothermal resources
<.1·
other than steam where the technology is well in hand. But that is not to say
... ".
that these much longer:range activities are being ignored. I think there are
funds in the fiscal 75 AEC budget to begin lookn1g at same of the special
problems associated with very deep drilling and very deep energy extraction.
Audience Connnent. Just one last note to that remark. The ability to fly jet
aircraft was first performed in 1942. That's 32 years ago. We are very
sophisticated and are completely dependent on jet flight today for quick
transportation. The development of thermal programs is going to take at
least a lead time of ten, fifteen years. Any of the thermal programs. I
again just want to point your attention to the fact that with deep drilling
techniques, major effort would bring forth this energy much quicker because
of the environmental freedoms.
Larry Anderson, Lockheed Research. I'd like to make a conunent regarding same
of these conunents about why aren't we doing things faster with more money. I
just attended NSF's Energy Research ru~ Development Committee meeting in
Washington last week, and at this point I think if you look at coal, nuclear,
solar, geothermal, you see very quickly that for solar, and I think for geothermal at the present time, it's hard to defend the requirements for·capital
which is a national resource, that would be required by geothermal and solar
to make a major impact on the energy crisis as we call it. And I think
Bloomberg's studies on it would help to answer same of these questions. But
that hasn't been shown ·yet, that on a major scale the capital investment is
low enough to compete with the other forms like coal.
Audience Conunent. I keep going around trying to talk to people in this good
country about the fact that those economic things be illustrated, and I'm very
perplexed to learn that I can't find anybody really interested. I go to Sandia
laboratories to inquire about information on solar energy power generating,
and I find that they only do research for the sake of doing research and they're
not interested in generating power.
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Mr. Keller, Keller Corporation.

•

I'll attest to that. Now the dilemma we
face is pretty simple I think. How are we and people like Dr. Bresee going
to work together to get an industry/government interrelationship going to
develop new inventio,ns and new equipment which ·":e rather horribly are in need
of, in this country today. When the basic ground rules tinder which AEC has to
operate will allow .them to grant contracts to major corporations unquestioned.
In fact one government agent two weeks ago told me they have the solution to
your problem, James. They always give the contract to the biggest and most
profitable company in the business and that is a position that doesn't even
need defending because that's the guy that pays more taxes than anybody else.
But there is under the current ground rules no way in which the government and
an individual or small company with some astounding technology to offer can
work and supplement one another's efforts. So talk to your political people
about it.
Bresee. We're not quite so limited under AEC contract policy, and we do have
the capability of contracting with any organization and have in the past worked
with rather small organizations. I hope that we can cooperate, for example,
with some of the smaller companies with ideas on power conversion equipment.
We would seek specific contractual arrangements so that we can carry out these
tests at Livermore. We would want to be able to publish test results to benefit
people in general and the industry that's involved in particular.
George Livingston. May I say I'm a taxpayer. I heard someone corranent a few
minutes ago about industry and the government working together and I heard
someone else mention eighty-one, so why don't we say we're members of the class
of '81. But I think if this type of marriage will take place eventually, those
people who are going to be watching the ceremony will be other taxpayers. This
meeting here today was very interesting to me -- I consider myself a layman in
this particular field. I listened to terminology by people who are engineers
and so forth. My bag you might say is in conummication, but I think that this
step to repeat was a step in. the right direction and I'm concerned about the
layman who will be at that ceremony when business and industry attempt to do
what wi~l possibly be the job to solve this energy crisis that we're all facing.
And I certainly hope that maybe in meetings that will take place there will be
a little ingredient of those people who will probably -- I hate to use the
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tenrii.nology, but there are those who will upset the applecart because they
don't understand. And I think this communication can be a little broader,
because tying those in who will waste some time that could be very, very
valuable and expensive will certainly be helpful in our next meeting. I didn't
mean to make a long speech but I think it's important because I realize I have
a conservative vein in my mind as well and time can be very, very expensive.
I would certainly hate to see the wheels in motion, and when we look up someone
is fighting because they don't understand. We could save a lot of that time if
we could be invited to came to your other meetings. How you do that, I don't
have the answer.
William Raman, Gulf Geothermal Corporation. We have been doing our research
in the last three years in the Gulf Coast on geopressure, geothermal energy.
I am satisfied, as are my associates, that the potential is there. It's going
to take an awfui lot of effort with a lot of people, government, and industry
in order to bring it to fruition. Now with that as a background we recently
finished a_survey for the state of Louisiana on energy, and where Louisiana
stands as far as energy is concerned. Necessarily in setting up Louisiana's
position, we had to take a look at the overall United States position, and I
can assure you folks that it is in terrible shape. We are running out of oil
and gas fast and if we don't get busy and do something those Arabs are going to
take us over with the money that they're going to make off the stuff_we have to
buy fran them. Now when you look at the coal there's an awful lot of coal in
this country; but you are faced real quick with the fact that the coal located
in the west the folks don't want to mine because most of it is going to have to
come from strip mining. When you get over to the east there's still a lot of
coal left over there, but it- is high in sulfur and they won't let them burn it.
In the meantime, Louisiana has been furnishing an awful lot of gas to the East
coast. And that gas on shore is running out fast. Whether we will retain any
control of it for the next several years, I don't know. We have recommended
things to the state that we think the state should do, but whether they'll do
it or not becomes political and we have no idea what the outcome is going to be.
Now as far as you folks out here in the West, I've attended all these meetings
-- I was at El Centro, I was at Palm Springs -- I've taken them all in, and
the general thane is the same all through them. Why doesn't government do
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something to help us. And I'm telling you as far as I'm concerned government
better help us or we're all going to be in the soup.
Marshall Reed, California Geothermal Unit, Division of Oil and Gas. I'd like
to suggest that we're wasting our time in a large meeting like this. Hearing
what the AEC has come up with with their own in-house reviews of their own
projects;· what they need, and it seems obvious to me, is an input from the
industry. And a group of this size is not going to help them out. I don't
think the meeting down in the Jet Propulsion Lab with a larger group is going
to be any more helpful. I think that the AEC needs some volunteers from the
industry, from which they can select an elite group, a group of very knowledgeable people to help them with their questions. They can save things like this
for what the gentleman over here mentioned -- informing the public. Get large
meetings together, put out their programs hopefully after they've been reviewed
by the industry, and maybe we can do something in a short amount of time to
produce a resource.
Bresee. Repeating what I said earlier, we do not yet have this type of advisory
service set up, but we intend to and I appreciate your suggestion. I agree
'
that a meeting
like this is awkward in order to achieve real communication.
The formality of standing up and making presentations is not optimt.un for really
understanding the other person's viewpoint. On the other hand, please use the
Federal Register statement, the questionnaire we've passed out or any other
technique available to you to give us your personal opinions by writing to us
and making suggestions or comments or criticisms -- these will be taken into
consideration in formulating our program, and we will attempt as quickly as
possible to set up some sort of advisory program.

••

Audience Comment. There's only one thing wrong with this -- it doesn't work.
You can't have a technical dialog by letter. You can only have technical dialog
through face to face COimmll1ication in a small groJP. And I want to echo again
what Marshall just said: That you've got to do this through small and technically
competent advisory groups. It's the only way you can get good technical
communication. Concerning this same sort of thing there was some discussion
earlier, we ought to be spending more money. I don't see how we can efficiently
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do it. We 'rteed to spend our money more efficiently, but you can't go out and
double the 'size of an operation and do it efficiently or more than double the
size of an operation and do it efficiently. You've got to grow just as rapidly
as possible, you're going to be running in all directions so fast nobody else
knows where anyone else· is running. The problem is not that we're not spending
fast enough, but instead, I don't think we're spending intelligently enough,
and that requires good sound technical communication.
Don Finn. Jim, I wonder if I might make a practical suggestion. I confirm
what Marshall and Dr. Brigham said. If you go back a few years to Stanford
Research Institute's study of geothermal energy that was commissioned by PG&E,
San Diego Gas and Electric, and Southern California Edison, there was one
remarkable remark that SRI made. It was that probably the most interesting
thing that will come out of geothermal energy development in the United States
is a new form of cooperation between government and industry. And I suggest
that the nucleus of that form is created and exists, and it needs an assist
from you, the Commission and NSF, and I've found a reluctance on the government's
side to support with money and other forms of cooperation this effort. Because
they look upon this entity I refer to as a trade association which it's not
really. And I refer to the Geothermal Resources Council of which Joe Aidlin
is the president. Joe Aidlin has been in this business as an attorney and
intimately familiar with production problems, since the beginning of this
business, seriously in this country in 1958. Dave Anderson, the geothermal
officer of the State of California, is the secretary. This is an entity that is
composed of not only the regulators but the regulatees. It is not only composed
of the steam suppliers but the steam purchasers, not only composed of private
industry, but the federal and state governments. It's a very easy core organization and therefore unwieldy in the opinion of many; myself partially but not
fully. I think it's got a chance if we would support it. I think there is a
mechanism to get a few people who know what is going on, and to sit down within
a face to face meeting and narrow these issues. You've got a group that's
talking to each other, you've got a group that's organized itself, and I say
don't let it die of borning, and I think that's a practical starting point.
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Gary Ewell, Hughes Aircraft Company. I wanted to make a comment on my observations that both partially conflicts and partially compliments. I've learned
a great deal from a meeting like this and I'd like to urge that Dr. Witherspoon's
presentation had that effect and be complimented. I've had a difficult time in
getting information from government sources and I've had a couple of letters
into the AEC trying to find out who do I contact there about geothermal programs.
Yet I am able to get on the phone to Donald Finn and he has a letter back in the
mail immediately and I'm able to talk with people at TRW and Standard Oil and
get information which is both technical and be specific and so I'd like to
urge that perhaps in complementing that we do get more governmental information
available for us in industry to find out exactly what is being done.
Bresee. We'll certainly attempt to, and please contact me if you need any
help.
Leonard Keller, Keller Corp. Jim, I've been out of contact for a while because
we've been working in other areas for energy problems with some of your other
government agencies. I wondered if.you're still having, what I think you used
to call coordinating meetings that you were having initially when I became
familiar with the work that you're doing.
Bresee. These meetings are being held quarterly. We plan to continue them and
hope to have greater industrial involvement. We certainly enjoyed having you
attend.
Keller. I found them very informative and I'd like to ask one other thing.
Do you publish the proceedings of those meetings?
Bresee. No, they are just a very informal gathering of members of the AEC
program and so far have not been treated as a formal meeting. Perhaps at our
next quarterly meeting we might meet with the Resource Council that Don Finn
mentioned. It might be very useful to bring together those two organizations,
push them together, and see if we achieve a critical mass.
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George Livii)g$ton, PG and E. One thing that I would like to say is that I'm
a strong bei':i'~ver that Uncle Sam is my Uncle and not my father. I say that to
say this, I think there might be quite a bit of money being wasted because of
duplication and I think maybe from this type of meeting there could be an ad hoc
committee put together that might have a semi-quarterly meeting just for discussing purposes, and I think some of the things that we might have gone over today
could be avoided, and I just don't believe in duplication. I think it will save
us a lot of money in the end.
:~·._:

Thank you for your comment.

Bresee.
Don Finn.
Bresee.
Finn.

l

I'll move the election of Joe Aidlin, Jim Bresee, and Paul Witherspoon.
To what?

The ad hoc committee.

Bresee. Are there other comments or suggestions? Maybe one advantage of holding a meeting like this and wearing everybody out is that after four o'clock
the question rate drops off towards zero.
Jack Howard, UC, LLL. I have a question for Don Finn. You made reference to
the phras.e economic incentives. Can you translate this remark to a couple of
more specific things like tax advantages I'm sure will help all these people
in the geothermal industry. I don't know of anywhere though where these
economic incentives are actually analyzed in an article: Just what they might
explain and just what impact they may have on industry if at all. Don, I
wonder i f you would take it upon yourself to perhaps write such an article
for people like me •••
Finn.

I've written two.

Jack.

Give me the reference then.
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Finn. One is the Geothermal Energy Magazine and was reprinted in the Geothe1mal
World Directory of 1973. I wrote it with the help of Coopers and .Lybrand who
are a big ~ight independent certified public accountant fir.m and who do the
accounting work for Magma Thennal, Pacific Energy, and Union, and know something
. about the game. I also gave a paper at the Geothennal Short Course which
attempted to translate some of the legalese into practical impact and attempted
to show that in the oil and gas industry today, or let's say 1973 for which we
have figures, 80 independent oil companies raised apprqximately $300,000,000
in registered oil and gas funds and a similar amount, somewhat more, in unregistered offerings. This off-balance sheet financ1ng was made possible simply
because Section 263C of the Internal Revenue Code has the word oil in it. It
doesn't have the word geothermal in it. We lack a whole number of incentives
and I won't get into the boring detail of it, but I'd be glad to supply this
information: to you. I'd simply suggest as BOb Greider once pointed out that
when US Steel makes a bar of steel, they're pennitted to currently deduct as a
business expense the cost of making that bar of steel. We do not have that
assurance in the geothermal business. If we had it, and there's a gentleman in
this roam who has raised I would imagine as much money as Chevron has spent as
a major oil ~company in the last four or five years in the oil business; he could
do the same to a major extent in the geothermal business. But he can't raise a
dollar because we don't have these clear-cut legal and economic tax incentives.
But I'll be glad to go into it in detail.
Bresee. No hands raised. I feel this would be a very good time to thank you
all for coming, and we certainly would like to see those cards and letters
coming in •
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