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Soviet-American Monograph on Geothermal Energy

To: Patrick Muffler, Hugh Murphy, John Lund
All American Co-Authors

Subject: NewsMemo No. 9
Date: 16 December 1991

It looks like the long wait to begin the Monograph may
finally be over! We have received the enclosed letters from Yuri
Dyadkin (SPMI) which spell out the request to the Soviet authors
to initiate contact. 'I hope my translations are close enough to
the Russian original. What remains to be seen is whether the
soviet authors respond and whether we can handle the influx of
correspondence in Russian. .

We have also received the Telex advising us of the
postponement of the International Symposium from 1992 to June,
1993. Since the Soviet Geothermal Association wants the
symposium built along the flow of the Monograph, it appears that
the Chapters could be successfully prepared in the new time
frame. I hope the long awaited response from the Soviet co-
authors will begin by the first of 1992.

This may also give us time to get help on translations and
perhaps. funding for the trip in 1993. I still plan to put
together a complete listing of Authors (both sides), addresses,
and telephone and Fax numbers. So if you haven't yet responded
to my request in the last Newsmemo please do so now.

Will look to hearing from you (as will your Volume Editor)
as you correspond with your Co-author. In the meantime, let me
take this opportunity to thank each of you for your patience and
to wish you a Very Happy Holiday Season and New Year.

Paul Kruger



COBETCKAYl TEOTEPMAJIbHAS ACCOLLHALLHS

" CCCP 199026 JNEHHUHHIPA]L -

NPABJAEHHE CTA - CEKPETAPHAT CrA
JIEHHHTPALCKHA NOPHLIR HHCTHTYT: NPOBJIEMHAS JIASOPATOPNSI FTOPHOR TEIIJIOOHSHKH
21 anuug, x.2 Ya. Bepuun. a. 3a
Tou, 2188652 )S\ ARk I Tea. 355-01-13
Tesexc 121434 LGIP SU ' * Pacw. cuer 70000606027 MOO 171274 .
Teaepaxc (812)213-36-13 TipuSanvuitcxoe ora. flpoucrpodGeuxs Jlewunrpaas
Teacrafin 121595 BHCMYT 190604, Nennurpas, Cpeannt op., 29

e e ———————ceeteeeeS

To Authors and Editors of the Soviet-American Monograph
"GEOTHERMAL ENERGY"

Greetings:

As you know, on 10 October in Moscow (at the Geological
Institute) took place a working meeting of the editors and
authors of the Soviet-American Monograph with participation of
the chief editor from the USA, Prof. P. Kruger (Stanford), which
conveyed the well-founded dissatisfaction of the work of the
Soviet colleagues: of the 26 American experts, who a year ago
presented short Outlines of the contents of their chapters, only
three received "responsive" suggestions from the Soviet co-
authors (A.V. Kiryukhin, Yu.D. Dyadkin, S.G. Gendler - all from
Vol.2). Transmitted to P. Kruger were prepared manuscripts of
our parts of chapters 1.1, 1.2, 1.3, 1.4, 1.5, the American
authors were not inclined to acknowledge sharlng in the joint

. work, because they were written without agreement on the outlines

and distribution between co-authors of the Sections of these
chapters of vVolume 1.

For Volume 3, for a year there was not even "appearance" of
an Editor, although except for V.A. Vasiliev (ENIN) and V.N.
Moskv1chevoy no one of the participants of the Monograph
dprllnpd

In the letter of 30 October, P. Kruger advised that right
after his trip to us there was dlscu551on between the American
Volume Editors.

P. Muffler (Vol.1l) insisted on agreement on the Outlines and
distribution by co-authors by chapter, noting, that only after
this will it be possible to complete, revise, and finalize the
manuscripts for volume 1.

H. Murphy (Vol.2) dir not support the suggestion of E.I.
Boguslavsky on changing the titles of the chapters and addition
of other chapters to the volume, noting that it is premature and
awaits Soviet Outlines (of seven) chapters for agreement.

- J. Lund (Vol.3) was informed that B.M. Kozlov at the end of
October was planning to be at SPMI for revision of the roster of
authors; it awaits further objective information...


http://Tm.2I8.86.5S

P. Kruger notes the general feelings of the American
colleagqgues:

1) it is necessary to conclude the preliminary stage -
agreement on detailed Outlines of the Chapters and distribution
of Sections between the Co-authors. Only after this will it be
possible to write the joint work and plan its completion.

2) not to change the accord of a year ago on the composition
of the volumes, chapters, and their titles. After completion of
the initial stage, writing, agreement between co-authors and
submission of chapter manuscripts to the Volume Editors, their
(editors) review: to evaluate the completéness of coverage of the
scope, indicate revisions and "gaps" in coverage of the chapters
and volumes, if necessary, - to suggest new Sections, Chapters,
changes in titles and structure of the Monograph. Not earlier!

3) the International Symposium on the basis of the Monograph
in June 1992 comes too soon. Without preliminary contact with
Soviet co-authors, the American papers are not being prepared and
in general they will not come (each must obtain funding of $3000,
not so easy).

I am in agreement with these recommendations.

On receipt 14 Nov 91 of a Telex from Dr. J. Garnish (EEC,
Vice-President, IGA) - a similar suggestion to postpone the
Symposium to 1993. 1In early September 1992 there will be a broad
geothermal conference in Iceland. The dates are too close and it
appears that we will have too few foreign participants.

I expect that we will postpone the Symposium to 1993
(probably 21-27 June 1993).

‘But I very much request to send your co-author (if you have
not yet) the Outline of the contents of your Chapter with
indications which Sections you propose to write and finally to
resolve controversial questions to your co-author, and how with
that responsibilities and rights - by yourselves.

In Russian to Co~-authors, Volume Editors, and me. To Co-
authcrs - by Express Mail, but better -~ by Fax.

And I advise not to be lacking: if by 1 Jan 92 I do not
receive such a newyear present, it will signify that you prefer
that I invite another expert.

~Early wishes for the coming New Year !
I wish you success and everything good !

Sincerely,
Prof. Yu.D. Dyadkin

Editor of the Monograph
President SGA
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25 November 1991

Dear Paul:

I send you and your family best wishes for Christmas and the
coming New Year. I wish for a successful 1992 - a year of our
working together on completing the joint Monograph and
preparations for the International Symposium in 1993.

I received your Express-Mail packets of 31 October (to the
Institute) and of 7 November (to home) at the same time on 14
November. More precisely, for the home address I received only a
notification, and for the packet I went to the main post office
only after a short trip to Moscow. Also on 14 November I
received a Telex from J. Garnish. We decided to accept your
recommendations and postpone the Symposium to 21-27 June 1993.

On 18 November on this decision, we sent Telexes to you and
Garnish (Litvinenko says that he sent them himself).

I see that you already startéd activities for announcing the
Symposium.: Now, I regret, it will be necessary to send out new
information on the postponement schedule.. o N

The draft chapter of H. Murphy for our Monograph was read
with much interest. It appealed to me. For "history" it brought
something new for me. I am very delighted.

On 21 November I received two letters from you (No.1l and
No.3:, as yet somewhere on the way is No.2...) with rhotographs
(Santa Monica and our dacha) for which I thank you. They, as
always, of high quality. . )

On the same day (about 18 Novembér) a Fax arrived (from the
Embassy in Moscow and the Consulate in St. Petersburg) from D.
Duchane of Los Alamos = asking for my £full name, in connection
with the conference of 6-8 December. We concluded that this was
for a ticket for British Airways as we had discussed. Prior, the
invitation for this conference in Los Alamos I had not Treceived.




On 18 November these data were sent by Fax to the Consulate,
and on the 22nd also by Fax - to D. Duchane and copy to you. We
agreed with L.A. Bliznets not to wait for the air ticket, to
apply for a Visa, but it proved to be already too late: it is
necessary to apply by 15 days and the flight had to be 1
December. Still at the Consulate was refused our diplomat. And
I because of the prospective travel was not able to write you,
""held back" this letter for a week...

We will assume that all this will not take place - for the
best...

Now for us there is time for careful preparation of the
Symposium and work on the Monograph.

Enclosed is the text of the letter which I am sending to all
Soviet co-authors. For vVolume 3 the situation remains difficult.
I am seeking an active Editor. There will be progress - I will
write.

Life for us is continually deteriorating. Now even for
bread there are long lines. We for the present are not starving
only thanks to the energy of Irene. We look forward to
improvement.

All is well! Merry Christmas and Happy New Year!
Regards from Irene, Tatyana, the faculty and staff of the
Laboratory.

With Best Wishes,

Yuri D. Dyadkin




Terman Engineering Cent
STAN FORD UNIVERSITY Stanford, Califgrnia 94§05:34r2)2€5
Department of Civil Engineering Telex 348402 STANFRD STNU
’ Fax 415-725-8662

Soviet-American Monograph on Geothermal Energy

To: Patrick Muffler, Hugh Murphy, John Lund
All American Co-Authors

Subject: NewsMemo No. 4
pate: 30 November 1990

This will be the final NewsMemo of 1990 !

The Set of Proposed Outlines from the U.S. Co-Authors is now
complete, and the final three (copies enclosed) are now on .the
way to LMI. The Set (less these three) were DHL-expressed to LMI
on November 1. ’

During Prof. Dyadkin's visit, we noted that a few "Biggies"
were going to Co-Author too many Chapters, so he agreed to revise
the roster of Soviet Co-Authors on return. I have just received
the revised list, and have amended those Outlines where the
Soviet Co-Author has been changed. I have also revised Outlines
where addresses or phone numbers have changed. If yours is one
of these, a revised Outline is enclosed. One problem noted by
Prof. Dyadkin was that there are no Faxes at most Soviet
institutions and Telexes are generally used for rapid (one week)
communications. Please take a moment and check your Outline for
corrections to mailing address, telephone number, Fax number, and
Telex number, where available. Please mail me any changes and I
will keep a current edition of the data. I will send telex )
numbers (and any changes) to LMI as received.

There have been questions on what an "Annual Reviews"-type
of coverage is. Enclosed is an Annual Reviews chapter on
Geothermal Energy prepared 15 years ago (!) for Annual Reviews
Vol 1 (1976). It has been very interesting to reconstruct the
outline for this review (also enclosed) and compare it with our
Monograph. - We have come a long way since 1976, but a lot of the
review would be pertinent if written today.

As I noted in the previous NewsMemo, the Ball is now in the
Soviet Court. We should be receiving the first of the counter-
proposed Outlines soon. As I also noted, I will assist anyone
with trouble in translating responses in Russian. Please send me
(and your Co-Editor) copies of the Soviet responses as they
arrive so that we can keep tabs on progress towards the final
Outlines and preparation of the first drafts by April, 1991.

In closing, let me wish each of you a very Happy Holiday
Season !! I hope to see some of you at the stanford Workshop in
January. )

Hth—Best _Wishes for the New Year,
Paul Kruger -




Topic Outline

Geothermal Energy
Annual Reviews of Energy, 1976

Introduction
Geothermal Resources
Types of Geothermal Resource

Exploration Methods
Resource Potential

Resource Extraction
Drilling Technology
Reservolr Engineering
Other Reservoir Systems

Resource Utilization
Electric Power Conversion Systems

‘Thermal Energy Utilization

Institutional Aspects
Economic Factors
Environmental Factors

Legal Factors
A National Geothermal Program

Literature Cited



Chapter 1.4
EXPLORATION GEOSCIENCES

American CoAuthor: Phillip M. Wright Tel: 801+524-3439
- Univ. Utah Res. Inst. Fax: 801+524-3453

391 Chipeta Way Suite.C TIix: tbd
Salt Lake City, UT 84108

Soviet CoAuthor: Vladimir |. Kononov Tel: tbd
Geological Institute AS Fax: tbd
Pihzevsky Per., No.7 Telex: tbd
Moscow 109017 USSR
Chapter Outline Suggested
(21 Sep 90) Responsible
Co-Author
(PMW ?)

. Introduction

A. Objective of Chapter :
To review application of geological, geochemical,

and, geophysical techniques to regional
exploration for geothermal resources

B. History of geothermal! exploratio
Brief summary of early development, techniques used,
philosophy
C. Summary
Summary of exploration methods and exploration
strategies
i1{. Review of Regional Exploration Techniques
A. Classification of techniques and comparison of
techniques used to those used for mining and
petroleum exploration
B. Geological techniques of geologic mapping; study of
drill samples; age dating; structural studies;
geologic interpretation
C. Geochemical -techniques of chemistry of thermal fluids;
major,minor, and trace elements in rocks; hydrothermal
alteration; isotope studies; fluid inclusions
D. Geophysical techniques of thermal, electrical, gravity,
magnetic, seismic, and seismological methods, and

. remote sensing
I1l. Regional Exploration Strategies

A. Summary of. application of geosciences, exploration
strategies .

B. Regional area selection with characteristics of
geothermal environments (arid, wet, crystalline-rock,
volcanic-rock, sedimentary-rock

C. Regional exploration, exploration process, regional
exploration strategies ‘

|V. Exploration Case Studies (also for USSR ?7)

A. Geothermal provinces in the USA; summary of regional
exploration in the USA ‘

B. Exploration of the Basin and Range, western USA

C. Exploration of the Imperial Valley, southwest USA

V. Future Expectations and. Research Needs
A. Future of geothermal exploration in the USA (PMW?)
(VIK?)

B. (same for USSR ?)
C. Research needed to improve exploration techniques

VI. Discussion and Conclusions



Chapter 1.2
HEAT FLOW DISTRIBUTION AND GEOTHERMAL ANOMALIES

American CoAuthor: David D. Blackwell Tel: 2144692-2745
- Geological Sciences Dept. Fax: 214+692-4289
Southern Methodist Univ.
Dallas, TX 75275-0395

Soviet CoAuthor: Yakov B. Smirnov Tel: tbd
Geological Institute AS Fax: tbd
Pihzevsky Per., No.7 Telex: tbd
Moscow 109017 USSR
Chapter Outline Suggested
(21 Nov 90) Responsible
. Co-Author
. Introduction : (DDB ?)

A. General controls on continental heat flow
B. Tectonic and age divisions
Il. Heat Flow in Stable Continental Regimes
A. Cratons '
B. Platforms
: C. Basins
It1. Heat Flow in Mobile Belts
Subduction zones
Continental collision zones
Continenta! rifting and extension
Transform faults
Hot spots
. Others
IV. Geothermal Anomalies in Stable Continental Regimes
A. Basement thermal anomalies
B. Basin thermal anomalies
V. Geothermal Anomalies in Mobile Belts

TMOoOO >

A. Subduction zones - volcanic arc settings
B. Subduction zones - back arc settings
C. Continental collision zones
D. Continental rifting and extension
-E. Transform faults
F. Hot spots
G. Others

VI. Discussion .
VIit. References "(as compiled)



Chapter 1.5
PROSPECT EVALUATION

American CoAuthor: Norman E. Goldstein - Tel: L415+486-5961
- Earth Sciences Division Fax: 602+527-7169
Lawrence Berkeley Laboratory Tlx: tbd
Berkeley, CA 94720
Soviet CoAuthor: Anna B. Vainblat Tel: tbd
Leningrad Mining Institute Fax: thd
21st Liniya No.2 Telex: tbd
Leningrad 199026 USSR
Chapter Outline Suggested
{29 Nov 90) Responsible
' Co-Author
|. Introduction (NEG ?)

A. Purpose of Chapter
B. Early history of prospect evaluation
1. Methods of Prospect Evaluation
A. Objectives
B. Detailed surface studies
Geology, geochemistry, geophysics
Shallow temperature measurements
C. Intermediate-depth drilling investigations
Drilling, sampling, and logging
Geologic analysis
Flow testing
Preliminary economic evaluation
I1l. Case Histories
A. USA
B. USSR
IV. Discussion

V. References (as.compiled)




Chapter 2.3
WELL AND RESERVOIR TESTING

American CoAuthor: Mohinder S. Gulati Tel: 707+545-7600
- Unocal Geothermal Div. . Fax: 707+545-8746
3576 Unocal Place Tix: tbd
Santa Rosa, CA 95406
Soviet CoAuthor: Yuri M. Pariisky Tel: tbd
Leningrad Mining Institute Fax: tbd
21st Liniya No.2 Telex: tbd

Leningrad 199026 USSR

Chapter Outline ) Suggested

(14 Nov 90) Responsible

Co-Author

I. Introduction (MSG ?)

A. Objectives
1. Review traditional methods and tools used in
well and reservoir testing in geothermal
applications
2. Offer comparisons with oil and gas tools and
techniques where applicable
3. Show how testing is utilized to render information
needed for resource evaluation (deliverability
and reserves estimates)
4L, Demonstrate the practical application of reservoir
test results to prudent reservoir management
B. Well Test History
1. Early test methods, tools and analytical techniques
2. Current test methods, tools, and analytical
techniques .
C. Well Test and Reservoir Definitions
1. Methods and techniques discussed here will be those
in deep wells rather than shallow exploration
wells. Itemizing of useful terms and definitions
i11. General Characteristics
“A. Static Testing
1. Temperature gradients
2. Pressure gradients
3. P-T survey series after flowing/injection
4, Long-term monitoring
B. Dynamic Testing
1. Flowing well performance
2. Injection well performance
3. Flowmeter logging
L. Wellbore simulation
5. Tracer testing



Vi.

Vil.

C. Transient Testing
1. Appropriateness of pressure transient analysis
2. Types of transient tests
a. pressure buildup
b. pressure falloff
c. drawdown
d. multi rate
e. interference :
3. Determination of fundamental reservoir properties:
kh, ©oh, skin, volume
D. Geochemistry
Summary of Past Experience
Review the items under general characteristics and
describe which of these tools/techniques were available
or in use 15-20 years ago
Current Status of Development
Review the current practice of static, dynamic, and
transient testing techniques and tools
Future Expectations .and Research Needs.
A. Improvements in downhole tool design
B. Improvements in data logging equipment
C. Analysis
Conclusions

References (as compiled).

Ch 2.3 - 2
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December 13, 1991

University of Utah Research Instltute/ESL
Attention: P.M. Wright

391 Chipeta way, Ste C

Salt Lake City, UT 84108

SEG/MOSCOW_ ‘92 INTERNATIONAL
CONFERENCE & EXPOSITION

Dear Colleague:

The Society of Exploration Geophysicists and its
colleagues in the republics which formerly
composed the USSR are organizing a major
international conference on the utilization of
geophysics in resource exploration and
development. This Conference and Exposition will
be held in Moscow, beginning Monday, July 27
through Friday, July 31, 1992.

The theme for this Conference and Exposition is:
“"Geophysics as Applied to Exploration and
Development.*"

Current plans call for a very special Plenary
Session (tentatively scheduled for the Kremlin’s
Congress Hall) to begin the meeting on the
afternoon of Monday, July 27, with two concurrent
sessions (one on seismic subjects and one
addressing non-seismic subjects) on Tuesday,
Wednesday, Thursday and Friday (July 28-31).
These technical sessions, ‘along with a full
schedule of poster papers and the Exposition, will
be held in the city’s beautiful Sovincentr
International Conference and Exposition Center in
the heart of Moscow.

Though political, social and economic
uncertainties exist, this vast land represents an
incredibly fascinating new frontier with enormous
potential for the application of geophysical tools
and techniques in both exploration for new fields
and the development of existing ones. With this
in mind, the SEG and the resource exploration and
development community around the world view this
as a major event of great historic

importance.

SEG BUSINESS OFFICE: P.O. BOX 702740 / TULSA, OK 74170-2740 / (918) 493-3516 (] STREET ADDRESS: 8801 S. YALE / TULSA, OK 74137 / FAX: (918) 483-2074



We are pleased to issue this official Call for Papers for the
SEG/Moscow ‘92 International Geophysical Conference and
Exposition. Abstracts for both oral and poster papers are being
solicited on seismic and non-seismic subjects. Papers will be
presented in Russian or English, with simultaneous translation
into the other language.

If you are interested in contributing a paper to this Conference,
please submit a short abstract, 300 words maximum. Also, please
do not include equations or figures. Early action is important
since the number of technical presentations will be limited, and
interest is expected to be high. BAlready, more than seventy
companies from around the world have indicated their interest in
participating in the Exposition.

Abstracts should be sent by mail or facsimile to:

SEG Moscow ’'92

c/o Society of Exploration Geophysicists
PO Box 702740

Tulsa, OK 74170 U.S.A.

Fax: (918) 493-2074

Phone: (918) 493-3516

If you wish to send your abstract via courier, the street address
at SEG is 8801 S. Yale Ave., Tulsa, OK U.S.A. 77036.

The deadline for receipt of all abstracts is March 1, 1992.
Current plans call for final assembly of the technical program in
the second week of March.

We look forward to hearing from you.
Sincerely

T AR

Gordon M. Greve
General Chairman
for SEG
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Soviet-American Monograph on Geothermal Energy

To: Patrick Muffler, Hugh Murphy, John Lund
All Aamérican Co-Authors

Subject: NewsMemo No. 8
Date: 4 November 1991

The trip to the Saint Petersburg (Leningrad) Mining
Institute in October was somewhat difficult and since returning,
have been in contact with the three Volume Editors to set our
policy, which we have now done.

The problem has been the year we have lost in getting the 26
Chapters underway. During the one-day meeting in Moscow with the
Soviet Editors and some of the Chapter Authors, it became clear
that more that postal delay was responsible for our lack of
'Hearing' from the Soviet Co-Principal Authors. Hopefully, the
means for rapid communication are at hand. On 4 November, I
received the first Fax from St. Petersburg (by Satellite) and an
Express Mail package with partial manuscripts for Hugh Murphy and .
Ping Cheng. ‘ .

Hopefully, the misunderstandings in Moscow have been
resolved. Enclosed is a copy of the letter we have Expressed
Mailed to SPMI that spell out both our position on getting the.
writing of the Monograph underway and our concern about the pre-
mature coupling of the Chapters to the SGA International
Symposium firmed up for 22-28 June 1992. Another point agreed
upon was that each side would send its outlines and text in its
own language and' we are working on the means to assist those who
don't have local translation available.

Also enclosed are details of the Symposium, an invitation
from Yuri Dyadkin to Attend and a ‘letter from the Soviet Co-
Editors with hopes to get our Monograph back in action.
Hopefully, each of us should be hearing from our co-author soon.
Wwhen you receive your first communication from your Co-Author,
please let your Volume Editor and me know. Please also let me
know if you will be at the Stanford workshop in January. Perhaps
we can have an informal "author's meeting".

I am also enclosing a copy of my Label output with
addresses, etc. Please send me any corrections or changes. 1In
closing, let me to suggest to each of us that we look over our
Outlines and improve them if warranted. Those who would like to
try to present a Draft paper at the Symposium should start the
preparation of the Text of the assumed responsible Sections. The
Time-Table to have a First Draft for presentation at the
symposium is still Comfortable. The Call for Papers is just
going out and additional papers will be accepted, probably right
up to the time of printing the "almost" Final Program.

With best wishes,
Paul Kruger



STANFORD UNIVERSITY Terman Engineering Center

L. ] ) Stanford, California 94305-4020
Department of Civil Engineering Telex 148402 STANFRD STNU

Fax 415-725-8662

30 October 1991
Prof. Yuri D. Dyadkin
St. Petersburg Mining Institute
21 Liniya, d.2
Saint Petersburg, 199026 USSR

Dear Yuri:

Since returning from the short visit to SPMI and the one-day
meeting with the Soviet Co-Editors in Moscow, I have conferred with
the American Co-Editors on how to resolve the problem of beginning
and completing the preparation of the 26 Chapters of the Monograph.
Actually, the problem of the Monograph consists of two separate
aspects: (1) the mechanism for preparing the Monograph and (2) the
.coupling of the Monograph to the SGA International Symposium now
fixed for June, 1992, Both of these aspects need to be addressed:
and resolved.

With respect to the first aspect of the problem, the American
Co-Editors believe that it is too late to change the fundamental
intent of the Monograph, namely to be a compilation of 26 Chapters
prepared by 26 Soviet and American co-authors covering the three
main areas of geothermal energy technology as conceived by the two
Monograph editors as Task 4 of the SGP-LMI Geothermal Agreement.
With respect to the role of the Volume Editors, except for
monitoring the progress of the Authors, we believe that the Editors
will become active only when the Draft chapter manuscripts have
been assembled. In the meantime, we urge you to expedite the
initial contact from each Soviet responsible Author to the American
responsible Co-Author to complete the Chapter Outline and the
assignment of the Sections to be drafted by each co-author. It
will be difficult to fix a schedule for completing the Monograph
until this initial activity is accomplished.

When the First Drafts of each Volume are assembled, it will be
possible for the Volume Editors to evaluate the total coverage and
to recommend changes in Volume structure or Chapter content. At
that time it should be possible to suggest other Chapters, if
needed, or restructuring of Draft chapters or sections.

With respect to the second aspect of the problem, the American
Co-Editors believe that it 1s unfortunate that the SGA
International Symposium was set for an early date relative to the
achievement of the Chapter Drafts. There is much pressure to un-
couple the preparation of the 26 Chapter drafts from the working
sessions of the symposium, unless resolution of the first aspect of
the problem occurs very rapidly. As I explained to you during the
visit, because of the long time without contact from the Soviet Co-
Authors, we are unsure of how many American Authors will be able to
make the $3000+ trip to the Soviet Union by June, 1992. 1In fact,



we think only a few will be able to do so. An alternate option
might be -to have only the Volume Editors prepare general volume
papers for the Symposium and remove the pressure of trying to write

26 symposium-quality papers without Soviet co-authors in such a
short time period.

With respect to the individual Volumes, I have given the
manuscripts of Volume 1, which I received at the Moscow meeting to
Patrick Muffler. He joins me in noting that these large individual
treatises need to be condensed within the Chapter Outlines, which"
have yet to be determined and finalized. For Volume 2, I have
discussed with Hugh Murphy my meetings with Emil Boguslavsky at
SPMI and the need for him to have the Soviet authors, except for
Kiryukhin, Dyadkin, and Gendler, initiate contact with the other 7

American co-authors on completing the Chapter Outlines. We agreed
© that the question of an 11th cChapter for Volume 2 should be
deferred until the 10 Draft Chapters are assembled. For Volume 3,
I have discussed with John Lund the problems from the Moscow
meeting and the plan for Dr. B.M. Kozlov to visit SPMI for re-
evaluating the selection of SOV1et authors for the 11 Chapters of:
the volume.

Thus we need to rebuild the momentum generated last year for
a successful Soviet-American Monograph. I am sending this letter
to you by Express Mail to both your office and home as a test to
see whether we can shorten the time period between communications.
With my very best wishes to you and the Soviet Volume Editors and
Co-Authors,

Yours sincerely,

Paul



PROBLEMS OF
NPOBJIEMH TEOTEPMAJIBHOR g
GEOTHERMAL ENERGY
SHEPTHH 1AL ENERGY

June, 22-28, 1992
Nlenmurpan, 22-28 woHa 1992r Leningrad , US S R

-7 VA OPFAHW3AUMOHHHA KOMMTET ORGANIZING COMMITTEE

2, 21 Linlya, 213-61-37
l90026 Leningrad, 218-Kt-U5
USSR Telex: 121494 LGIP SU

Fax: (812) 213-26-13

Phlip W. l)\)m@/at

uMW Ut b ia,s J,nst

"Dear Colleague; °

You are invited to attend the International Symposium on Geothermal Energy
organized by the Leningrad Mining Institute and the Soviet Geothermal

Association. The Symposium is to take place from June 22-28, 1992. Sponsars

and participants include the State Committee on Science and Technique of the

USSR, the Academy of Sc1ences of the USSR, the Union of Scientific and Engineering
Societies of the USSR, the State Committee of RSFSR on Sciences and Higher
Schools, the Academy of Natural Sciences of RSFSR, the International Geothermal
Association and the International Bureau on Mining and Thermophysics.

We welcome your participation in this seminar. We are hoping for a substantial
number of foreign scholars.

Sincerely, N. M. PROSKURYAKOV

ORGANIZING

COMMITTEE




COBETCKAHS FEOTEPMAJleASI ACCOUHALLHA

CCCP 199028 JIEHHHIPAL

NPABJIEHHE CrA CEKPETAPHATCIA

JNEHHHTPALCKHR NOPHBIR HHCTHTYT NPOBNAEMHAR JTABOPATOPHR FOPHOR TENJOOHIHKH
21 Aunng, A. 2 . . Ya. Bepunra, a. 3a
Tea. 218.86-52 : | Tea 385.01-13
Teaexc 121494 LGIP SU Pacu. cuer 70000606027 MO 171274
Tencdaxc (812)213-26-13 © fpudsarnhcxoe ora. MpowerpoRCauns Mewunrpiia
Teaersin 121595 BHCMYT, 199004, /lennurpan, Cpeanud up., 29
SGA: 91/44 11 October 1991

To: American Colleague-Authors and Editors of the
Joint American-Soviet Monograph " Geothermal Energy"

Dear Colleague !

Using the short visit to Saint Petersburg and Moscow by Paul
Kruger, we direct to you the concordance with the proposed
Outlines of the Chapters and distribution of responsibility for
preparation of the specified sections.

Of course, we hope for your comments, additions, or
revisions for their attentive consideration and utilization in
subsequent effort. We also send some draft texts of specific
sections of the monograph.

Agreement of the detailed Contents of the Chapters between
Co-Authors 1is very important for accomplishing our complex work.
We are very sorry that by dependence and not dependence from our
principle this was not done earlier. Postal and other
communications between our countries even now remains very poor,
making contact difficult. Notwithstanding, we are assured that
by our meeting at the International Symposium in June, 1992, we
will be able, in principle, to complete our work. We request our
American colleagues also to apply effort to a successful
completion of this important for our countries joint work.

With the Very Best Wishes,

USSR Volume Editors: Prof.v.I.Kononov, Prof .A.A.Smyslov
Prof.E.I.Boguslavsky, Prof. O0.A Povarov
Dr. B.M. Kozlov

Monograph Editor Prof. ¥Y.D. Dyadkin,
President, SGA



COBETCKAS FEOTEPMAJIbHASl ACCOUHALHUS

CCCP 199026 NEHHHIPALL

NPABJNIEHHE CrA CEKPETAPHAT Cra
JIEHHHTPALCKHA TOPHbIA HHCTHTYT NPOBJIEMHAS JIABOPATOPHSA IFOPHOR TENJIOPH3IUKH

21 anuma, a. 2 Ya. Bepunra, a. 3a

Tea. 218-86-52

Tenexc 121494 LGIP SU
Tenedaxc (812)213-26-13
Teaeradn 121585 BHCMYT

Tea. 355-01-13

Pacy, cuer 70000606027 M®O 171274

NpuGaaruhickoe orn. Mpoxctpoibanka JTennnrpili
- 199004, Jlenunrpan, Cpeaunk ap., 29

TA- 9//4///
o7 71.10. Gy . AMepHKaHCKIM KOJIEIramM~aBTOPaM M pelaKTopam
COBMECTHOM aMepuKaHCKO-COBETCKOM MoHoTrpadmm “"TeoTepmasbHasd

sHepruda"

Try6oxoyBaxaemde KOJLIEIW !

[losbp3yACk KOPOTHUM BU3UTOM B -CaHKT-IleTepOypr u MoCKBY
npodeccopa llayna Kpyrepa, Hanpasidem Bam Ha cOIJIACOBaHME IIPOEKTH
CTPYKTYPH IVIaB M paclpeleJsieHdss OTBETCTBEHHOCTU 38 IMOLI'OTOBKY
X OTIEJbHHX Taparpador (ceximil).

PasymeeTcs, MH ¥mem Baumx 3ameuaHuil, nomosiHeHMi uWm BO3pa-—
¥eHu# LA MX BHUMATEJBHOI'O PACCMOTPEHMA ¥ UCIOJAB30BAHUS B Jajb-
Heflwe#r padore. IlocHJaeM TaKiKe MPOEKTH TEKCTOB OTﬂeﬂLHHX pasne—
JIOB MOHOTpaguu,

CorviacopaHue JETaNBHOI'O COLEepXaHUA IVIAB MeXLYy CO0aBTOpaMy
OYeHb BAXKHO OJA 3aBepueHMs Hamell HempocToil padoTH. MW OYeHDB
coxaJleeM, 4YTO IIO 3aBUCAUMM U He 3aBHUCAIMM OT HAC NpPUWIHAM 3TO
He cIeJslaHO paHmme. [I04TOBaA ¥ MHAA CBA3L MeXLY HalMIMi CTpaHaMu
I Telneph OCTAaeTCs OYeHD IIOXOH, 3aTPYLHAET KOHTAKTH. TeM He Me-—
Hee MH YBepeHH, 4TO 10 Hauweil BcTpeun Ha MexnyHapOomHOM CUMIIOBHYy-
Me B mpHe Oynymero roza (I992 I'.) MH CMOXEM B OCHOBHOM 3aBEDUMTDH
Hamy pacoTy. IlpocuM HAUMX aMepMKAHCKUX KOJUIET TaKke IIPUJIOKATEH
VCWINA K YCHEWHOMY 3aBeplleHun 3TOH nyHon IJ HallIX CTpaH COB-—

MeCTHO# paCoTH.
C yBakeHHEeM X HAWIydlLemy ITOXeJaHIAMU

PenaxTopu ToMoB oT CCCP mpod.B.ll.Kononos, npod.A.A.CMHCIOB,
npod. 3./1. borycaasckuit, pod.0.A.lloBapos,
' IOKT.b.M.KO3s108B

' PenakTop MoHOTpadum A/O/L/4/7hpo® 0. 1. InnbKuH,
PTIT JITH. 17.01.91,, 3. 8, 7. 100 3k3. Becnnarno ﬁ Hpe3PI.D,eHT CIA



HOTEL ACCOMMODATIONS

Participants and guests of the Symposium will be
offered accommodations at the Mining Institute Hotel.
Address: '

Leningrad, Vasilievsky ostrov, Morskaya
naberezhnaya, dom 15 (close to Hotel
Pribaltijskaya).

Costs: single - 95 US dollars per day
double - 135 US dollars per day

Cost includes threeimeals per day

It is also possible to make reservations at the
Hotel Pribaltijskaya. :
Costs: double - 160 US dollars per day
suite - 230 US dollars per day
( no meals provided )

N. M. PROSKURYAKOV

SYMPOSIUM COMMITTEE
RECTOR OF THE LENINGRAD
MINING INSTITUTE

LENINGRAD MINING INSTITUTE
and
SOVIET GEOTHERMAL ASSOCIATION

INTERNATIONAL SYMPOSIUM
ON GBOTHERMAL  ENERGY

June 22-28, 1992
Leningrad , USSR

' Preliminary Information



You are invited to take part in the Interhational Sym-
posium, '"Problems on Geothermal Energy'.

The wide range of issues to the be discussed at the Sym-
posium sessions will allow participants to gain a greater Un-
derstanding of Geothermal Energy Resources evaluation, opera-
tions and utilization.

We hope that you will actively participate in the Sympo-
sium. By combining our efforts we can make an important. con-
tribution to the development of international cooperation.
This promises to be a memorable Symposium for all partici-
pants and guests.

SYMPOSIUM MISSION AND GOALS

To advance knowledge in theoretical and praclical
application of the development of geothermics, geothermal
resources evaluation, technology and utilization of thermo-
electroenergetics and balneology;

To establish and develop scientific contacts among
specialists from different countries;

To improve and expand on the contents of Geothermal
Energy, a collection of scientific papers to be published
in 1993, in Russian and English.

MAIN DISCUSSION TOPICS

1. Geotemperature Fields and Geothermal Resources;
“ 2. Technology of Geothermal Energy and Fluids Extraction;
3. Utilizaqion of Geothermal Energy and Thermal Water.

CALL FOR PAPERS

Papers are solicited in all aspects of theoretical
and applied Geothermics, Geothermal Technology,Geothermal
Energetics and. Balneology. In order to publish abstracts
before the Symposium, the authors should submit brief
summaries (not more than one page, approximately 300 words,
including the title of paper and the names of the authors)
to the Organizing Committee before March 15, 1992.

For More information, please write to:
USSR, 199026, Leningrad, 21 Linia, Dom 2, Leningrad Mining
Institute. Phone 2136137, 2188460. Telex 121494 LGIP SU
Fax (812) 2132613. All correspondence should be sent to the ab-
ove address or to the foreign Co-Chairman of the Program
Committee:
Prof. Paul Kruger, Civil Engineering Dept.of Stanford
University.

STANFORD CA 94305, USA

Telex 372871 STANFORD STNU

Fax 415/725-86 62
(415)725-20 99

Authors will be informed it their papers have been accepted
by February, 1992.

CULTURAL PROGRAM

Participants and guests of the Symposium are cordially
invited to participate in our cultural program. Leningrad,
one of the most beautiful cities in the world, is famous for
i1ts museums, theatres, outstanding architecture and monuments.
Its environs are of great historical and artistic value.
Leningrad is most pleasant in June, the month of mild
white nights {(20-25°C). '

PEGISTRATION FEE

The registration fee for Symposium participants is $ 250
and § 125 for accompanying persons. The registration fee co-
vers: organization of the Symposium; editing and sending
abstracts, 5 3-Volume collection on ''Geothermal Fnergy',
visits to museums and theatres, supper on the first evening
and a farewell dinner.



PROBLEMS OF
IPOBJEMH TEOTEPMAIBHOR GEOTHERMAL ENERGY

QQHEPTHRH
June, 22-28, 1992
Jlewmrpan, 22-28 mona 1992r. Leningrad , USSR
OPI'AHH3AUHOHHH“ KOMUTET ' ORGANIZING COMMITTEE
- 2, 21 Linlya, 213-61-37
130025, Leningrad, R 918.56-05
USSR Telex: 121494 LGIP SU

Fax: (812) 213-26-13

First name, 1last NaAME . ... vueueenieerneonseaeneasnennennseassn
3= 1 e et e s ettt
Degree. ... ittt ecnanenns Ve e e e
Name of institution.......... Gt e eesenessesseeanateaenae
Mailing address. ... .ueeniinee e otioeeoeescaaasnssonsnssseneens
Telephone.............. Telex....c.... TelefaX...oooeeuenenen..

DATA FOR VISA SUPPORT:

Date of birth......c.iii e S@X 4ot eeorenennooann
Private 8ddresSs .. ..o e eeeeeieoeensoosusoeasssacsoensoseioss
Telephone (privat)............... Pasport number.............
Country..ooui it ii it i iiieennseanos e et e a e e e et
Terms of stay in the USSR (arrival/departure dates).........

.............................................................

'First name, last name of accompanying person and data for visa

=R o o o3 o R e e et e e

-------------------------------------------------------------
--------------------------------------------------------------

.............................................................

..............................................................

HOTEL RESERVATION:

Mining institute Hotel Pribaltijskaya Hotel
(three meals a day provided) ({no meals provided)
0 single - 95 § 0 double - 160 $
0 double -136 $ 0 su;te - 230 $



[IPOBJEMH TEOTEPMAJLHOA GEOTHERMAL'  ENERGY

QHEPTILHH
., 22-28, 1992
Remwmnrpan, 22-28 woun 1992r. lilrllni?\grzad , USSR

3 a OPT AHN3AUMOHHHA KOMWTET . ORGANIZING COMMITTEE

213-61-37

L b L2, d 218-86-05
'nggos?l(z3 Lemtngrad, Telex: 121494 LGIP SU
: Fax: (812) 213-26-13
SPMI
TOURS

Offered for Participants of the
INTERNATIONAL SYMPOSIUM ON GEOTHERMAL ENERGY
June 22-28, 1992

Tour 1: St. Petersburg - Crimea - Moscow
29 June - Departure for Crimea - Cultural program (Bakhchiserai,
Simferopol)
30 June - Scientific excursion
1 July - Cultural program (South Shore)
2 July - Departure for Moscow
3-4 July - Cultural program (Moscow)
5 July - Cultural program (Moscow) - Departure

Tour 2: St. Petersburg - Tallinn - Moscow _
29 June - Departure for Tallinn - Cultural program (Tallinn)
30 June - Cultural program (Tallinn)
I July - Cultural program (Tallinn)
2 July - Departure for Moscow
3-4 July - Cultural program (Moscow)
5July - Cultural program (Moscow) - Departure.

Tour 3: St. Petersburg - Kiev - Moscow
29 June - Departure for Kiev - Cultural program (Kiev)
30 June - Cultural program {Kiev)
1 July - Cultural program (Kiev)
2 July - Departure for Moscow
3-4 July - Cultural program (Moscow)
5 July - Cultural program (Moscow) ~ Departure

Price of the tours per person (in U.S. Dollars)

Tour 1 $490.00
Tour 2 $420.00
Tour 3 $440.00

Prices include:
1. Transportation within the country
2. Hotel accommodation
3. Three meals per day
4. Bus service
5. Cultural programs

To participate in any of the tours, please contact the Organizing Committee b
March I, 1992:

President, Organizing Committee
Rector, St. Petersburg Mining Institute
N.M. Proskuryakov



List of Authors of Monograph

Veatch, Ralph E.

Amoc¢ Prodn Res. Center
P.0. Box 3385

Tulsa, OK 74102
918+660-3309

Chap.2.6 »
- Fax: 918+660-4175
© LMI

=» Wright, Phillip M.
tniv. of Utah Res. Inst.
391 Chipéeta Way, sSte C
Salt Lake Cty, UT 84108
8014524-3422
Chap.1.4
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'Soviet-American Monograph on Geothermal Energy

To: Patrick Muffler, Hugh Murphy, John Lund
All American Co-Authors ‘

Subject: NewsMemo No. 7
Date: 11 July 1991

The trip to the Leningrad Mining Institute for 30 June was
scratched at DOE so we are falling even further behind. The
earliest next dates are September-October, but several events at
LMI have occurred which makes this NewsMemo important to
distribute right now.

The meeting of the Soviet Co-Authors took place at LMI
during late May (have received a copy of the Agenda). It appears
that the Soviet Co-Authors have accepted the terse Chapter
Outlines, in general, and that changes will be made by individual
pairs of Co-Authors. Therefore, it is strongly recommended that
each of the 26 U.S. Authors initiate the preparation of the
Monograph chapter. It may be awhile before individual contacts
begin. I will offer, if the trip to LMI does materialize for
Sept-0Oct, to carry any drafts with me for delivery to the
respective Co-Author.

It also appears that the presentation of the 26 Chapters
will be part of the Program for the SGA International Symposium,
now scheduled for 22-28 June 1992. Therefore, it is also
strongly recommended that plans be initiated to attend the
Symposium. 'How' 1is yet a problem, but the dates look firm at
this time. Enclosed is a copy of the cover sheet of the
Preliminary Announcement, translation of the details will be in
the next NewsMemo.

Paul Kruger
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LENINGRAD MINING INSTITUTE
and
SOVIET GEOTHERMAL ASSOCIATION

with support and participation of

State Committee on Science and Technology AS USSR
Union of Science and Engineering Societies USSR
State Committee on Science Affairs and Higher Schools RSFSR
Academy of Natural Sciences RSFSR
International Geothermal Association
International Bureau of Mining HeatPhysics VIT

Organize

INTERNATIONAL SYMPOSIUM
ON PROBLEMS OF GEOTHERMAL ENERGY

22-28 June 1992
Leningrad, USSR

PRELIMINARY ANNOUNCEMENT



IETH M 3ABAYM CHMIIOSKYMA

o ¥rayGnenwe aHaHuA U oGobueHne HBYUHEX M OPAKTWUECKWX

Pe3yAbTaTOR PAIBKTHA IeOTepMUM, OLEHKH. I'€OTepMAaNbHEX
DPECYPCOB, TEXHOJOTWMH WX OCBOSHWA M MCNONBIOBAHWA B Teli-
JIOPHOPTOTHKe W GANLHBOJOMHH.

YcraHoBreHMe M yKpenfenHe HAYWHEX KOHTAKTOB MERLY cne=

. MMAJIMCTAMU M3 DASHHX CTpaH M Opragusaumil.

IayqmeHwe W pacmMpenmne COREPRANMA KOINEKTHBHOR MOHOI-
pefun "Taorepuannhasy sHeprua®, usganeewop B 1993 r, ua
DPYCCEOM ¥ aHUTIHACKOM HIHKAX.

OBCYEJAEMHE TTPORJEMH

COOTBOTCTEBYRT TEMATUWECKOMY co.uepmannn TPEX TOMOB -aTOR
MoHorpadyu:
- I, TeoresmeparypHoe noxe # reoTEpMANILHUE pecypcu
2. TexHONOIrHA ACCHUM TEOTEDMAAbHWX BINHICB ¥ AHEPIHH
3. Ycrnonb3oBamue TEOTEPMANEHON SHEPIWM W TEPMANBHYX
BOM

3nfBH HA YUACTHE W JOWIATM CHMIIOSUYMA

pexonMelyeTcR NOAATE A0 IS wosdps: 1991 r. lipuxumanrcs
38ABKM HA NOKNAfy NO JINGHM GCTeKTaM TeopeTwiecKoR M MpHx-
_RBMHOH PeOoTepMKM, reo*rezp'm,nhuon TEXHONOTHY, PED':'ebmaanoﬂ‘
IHEPreTHKY ¥ GalisHeonormi,

Mg nyGrvrauMn. Te3UCOB ROKASBROB HA DYCCHOM: W SHTIMHCKOM
Aukax nepefl’ Cuimo3uyMoM aBTODM AOMEME NpRJCTABUTE WX B
ofzene He Sonee oaHoi crpanuun (mpumepHo 300 crop, BiNo-
yad HaaBande, Qamumio u opraHisayuo asropa) B Oprromnrer
¢ BETOPCHMM NEPEeBOJION Ha jpyro#t msuk no 15 Mapra 1992 r,

KYXBTYPHAR TPOTPAMMA

OPEIIRDAST YYACTHIRKOR M TOCTOR B TEATPN - MYSEH, MA

SECKYPCHH [0 APXHTEKTYHLN. AHCAMOARM M HCTOPHUGCMIMM-

RAMATHHEAK ONHOTO WA KPACHBOIMNX .rOpoHoB mtpa B nepuos

sueMenitTux "gemix Howed® (reuneparypa 20-25°C), & ram-'

X9 B TEWATHVECHHE axcwpcm!' llocma-ﬂpocmab =3ma, 400 pyd
* Kpux ¢ nporyakof no ‘lewouy Mopo
- 4‘ Mnl 450 WG!
- Tupruays - Snwpyc - 4ana, 460 py6;
- Nymencawe ropu- NMoxow' - 2 g,
200 py6.

Buﬁpugmﬂ TYp M TRPAHTHR €0 OIISTH YKAIWBAOTCK B JAABKD

#a ywacrue B Cmnosuyme o IS sonSpa 1991 r,

PASMEIEXME B TOCTHHULE

TARES YHEIWBESTCH B a'ron aagnxe ¢ mwnuau OIIATY BROpAHHOrD
BApHAHTA:

" TOPOACKHO TOCTHKHMIN, OJRHOMGCTHHH HOMep-=~ AQ 25-30 pyd/eyr:
. T me, AByxuecTinfl Houep - no 15 -18 pydfcrr.

rocriup I, towép na 2-3 venosex - mo 10 pyd/eyr.
FouHaTy Ha.3 - 4 uexcsem s oSmexuTiw - mo 3-5 py6/cyr.

PEIVICTPALHOHLR B3HOC

IOKPHBAGT. BpyHacMEe KarAoMy maw.rm'rm Mororpadui,

Kapry reorepsdnsinx pacypeos CCCP, cOopHir Teswcom, pacxoy
HO. KFALTYPHYO DPOTDAMMY W ODIAHMAAIMD CHMAOSKYMA COCTABISET

"400 py6, Ang ASTOPOB SBKAJMNX ACKASROB M roctefl 200 pyd.

{unewy OprromnTera ochofomnanrcn) # NEPEBAXETOA Ha cyer Co-
setcnof leorepuansiofl Accoupamin 70000606027 B TTpudanruickon
OTASNEHHK Hpenc-rpouﬁanxa Jennurpaga ( 199004 _Cpepuh np., 29,
MB0 171274 no I aspexn 1992 r., a nocxamwu nocse atore cpoxa
HIK BHOCHMNN TIpH PerdcTpaip yeeluMubaercs Ha.20%,

MECTO TIPOBEJEHAA M ABPEC OPTHOMWTETA' CAMIO3UYIA

Jenmirpanckud ropanst upeturyT. 199026 Merunrpan, 21 awims, 2.

Tensdonn 2136137, 3550112, Temexe 121494Lc1p us

Paxe (BI2) 213-26-13.

fipepcezaton, Opreomurera, Pextop JIM unesi-xopp.. AR CCCP
‘H.M.Tlpockypaxop
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MUFFLER CHRON

Sat 11 May 91

15:25 - Paul Kruger

Received my fax of 5/11/%1, and agrees with most of my points. An
overriding problem is communication with the Soviet Union. On 11
Jan 91 Yuri Dyadkin sent an (important) letter to Paul, one copy to Paul's home
and one copy to the Dept. of Civil Engineering at Stanford); the letter arrived 01
May! Paul has been trying to call Dyadkin since then, but has been unable to get
through to Leningrad. Unless we can find some better way of communicating,
the US-Soviet Monograph is in deep trouble. Paul stated that there is a new
direct-dial phone line to the Soviet Union, but only to Moscow, and apparently
Kononov (in Moscow) has access to a fax machine (but Paul does not know the
number). Federal Express is not the solution; there is a 10-day delivery time,
and at a prohibitive cost.



.

United States Department of the Interior Mt s
‘GEQLOGICAL.SURVEY ]

5/11/91 - 15110 PDT

TELEFAX COVER SHEET

To: Paul Kruger From: Patrick Mufflep
- USGS J Fhe«

Menlo Park, CA
FAX: 493-4284 FAX: 1-415-329-5110
TEL: 493-4284 TEL: 1-415-329-5239

Number of pages including this one: 2

— Subject: Response- to-your faxes-of-21-April-91-and-22 Aprll 91 —and - -

your NewsMemo No. 6 dated 30- April 91 -~ -

Apologies for being late, but.I have hiad no time to do'more than glance at
your faxes and the NewsMemo until this weekend. I have received nothing from
the Chapter Authors of Volume. 1 in response to your 30 Aprﬂ 91 NewsMemo s0. .

- —— - -this response represents-only my-(initial) reactions. -~ — - oo -

1. p. 2-3 of your translation. of the “Memorandum of Invitation ***"; This
schedule for the monograph is obviously impossible. It is already May 1991,
and the Americans have yet.to get-reactions from the Soviets to the outlines
that each American chapter author supplied in the fall of 1990. Yet the
schedule indicates that by May 1991 there is to be “completion of chapter
manuscript and its translation, accord between co-auithors”! Most of the US
authors are very busy people and are in a very poor position to play catch-up
this summer. Fortunately, there appears to be a lot of slop between.July 1991
and March 1992. It appears obvious that one of your primary jobs
in Leningrad is to negotiate a realistic schedule.

2. 9 2 of last page -of the "Memorandum of Invitation ***";Are any of’ the
American authors in a position to trarislate their contributions in English into
Russian? 1 certainly am riot. How is this translatlon to be
accomplished?

#2172



5/11/91 - 15:09 PDT

3. Protocol for conducting International Symposium "Problems in Geothermal
Energy": I continue to suspect that the proposed International Symposium in
Leningrad and-the Crimea.in 1992 is desperately optimistic. Do the Soviet's
have any idea what 1t takes to puttogether an International Symposium? Not.
only the "in-country” efforts, but all the effort abroad to prepare the
contributions, get financing and permission to attend, etc., etc. One year'is
hardly enough lead time. Plus the Symposiim is only two years after Kona;
international travel is hard enough every five years. And the whole thing is
exacerbated by the exceedingly uncertain political situation in the Soviet
Union. This Crimea meeting has to be a lot more realistic and firm
than it is now if you hope to get significant participation from the American
authors, much less people outside the monograph.

4, p. 34 of‘ the Protocol for conducting International Sympos}im "Problems in

Geothermal Energy": Innote that John Garnish is listed asa Co-Chairman,
biit I know from having spent nearly a week with John in Pisa in late April
that he khows little about the matter. Similaily, the assumption that the
Symposmm will get "suppoit” (financial?) from the International Geothermal
~AsSociation is nothingmore than an-assumption. ~The IGA is struggling to -
keep afloat.financially (particularly because of difficulties with GRC) and it
is highly questionable whether any financial support for a meeting in Crimea
will be forthcoming.

5. 1 doubt that we can get any -action whatsoever out of the American authors

for volume 1 until we get some response to the draft outlines supplied to the
Soviets 6 months dgo. Therefore, a priority item for you in Leningrad
is to extract these responses. Then maybe we have a chance of
energizing the American authors. |

Please call if you have any specific questlons I plan to be out of the office
from Friday 17 May until Monday 03 June, in the office until Monday 17 June,
and then out again until Monday 01 July. Several uncertainties out of my control
(including scheduling traffic $chool!) could change things.
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Soviet-American Monograph on Geothermal Energy

To: Patrick Muffler, Hugh Murphy, John Lund
All American Co-Authors

Subject: NewsMemo No. 6
Date: 30 April 1991

On 18 April 1991, I received Six letters from LMI postmarked
from 11 Dec 90 through 12 Feb 91. These contained news about the
new hydrofracturing success at Tirniauz, the development of the
Soviet Geothermal Association plans for an International
symposium for 1992 involving all U.S. Co-Authors, and the first
NewsMemo from Prof. Dyadkin to the Soviet Co-Authors, the last
written sometime around November-December.

The three U.S. Co-Editors join me in distributing a copy of
my very Rough translation of Yuri's memo for your information and
review. The Editor's trip to LMI (by two or three of us) is
shaping up for the first week in July, when it appears we will
finally get the arrangements sufficiently nailed down that we can
proceed with the Monograph preparation, in spite of the terrible
postal situation.

what seems to be needed now is our comments, rebuttals, if
any, and constructive suggestions on how to get on with the job.
I am planning to leave the U.S. on 24 June and have arranged to
confer with the three Co-Editors as the trip develops. It would
be very useful now, to avoid later confusion and
misunderstanding, if we presented a firm mode of preparing the
Manuscript and our thoughts on how to participate in the SGA
symposium. I am asking each of you to review the "Instructions"
to the Soviet Co-Authors, keeping in mind the more rigid
political environmerit with so many involved Ministries and
Institutions in the USSR and provide me and your Editor with your
thoughts on how best to arrange for individual Chapter agreement
and correspondence. We may need to use any kind of electronic or
telephone mail available (will look into this while there) and
confirm arrangements on how mutual translations will take place.

I plan to carry with me a complete set of U.S. Co-Author
Suggested Outlines and Effort Distribution. So now would be a
good time to review your own Outline sheet and send me any
changes in outline, distribution, or contact numbers (especially
Fax and Telex). I am still trying to raise some funds to cover
communication and translation costs (tho it is Tough!). However,
in spite of the long postal delay in getting going, Prof.
Dyadkin's NewsMemo is encouraging, 1f he can cut though the
Soviet bureaucracy, that there will be a Soviet-American
Monograph! Although the final details still need to be worked
out, I would suggest strongly that we begin preparation of the
Chapters along the Suggested Outlines, in that I don't feel after
all the Rhetoric is over, that the Chapter structure will change
very much.



- . o -

SGP-LMI Geothermal Agreement
Task 4 :
Soviet- Amerlcan Monograph

Rapid Translation
Memorandum .of Invitation
| to

RESPONSIBLE AUTHORS
SOVIET-AMERICAN MONOGRAPH
"GEOTHERMAL ENERGY"

Memorandum No. 1

The Soviet-American monograph "Geothermal Energy" is being
prepared for publication in 1993 in Russian (Nedra, Moscow) and in
English (Stanford Press, Stanford) under Technical Task No. 4 of
the Geothetrmal Agreement on collaboration between the Leningrad
Mining Institute and Stanford University in the field of geothermal
energy development.

Chief editors: Prof. Yu.D. Dyadkin (LMI)
' Prof. P. Kruger (SU)

Scientific volume editors:

Vol. 1 RESOURCES, 20 auth.l

' for USSR - Prof. V.I. Kononov (GIS)

Prof. A.A. Smislov (LMI)
for USA - Dr. P. Muffler (USGS)

Commitment for publicatlon of volume in "Nedra" (20,000 rublef
- provided by Scientific Council on Problems in Geothermics AS u’

(Moscow) ;. American publication - by self-support

Vol. 2 EXTRACTION (Techhical recovery), 20 auth.l

for USSR - Prof. E.I. Boguslavsky (LMI)

, Dr. V.A. Vaciliev (ENIN)

for USA - Dr. H. Murphy (LANL) ,
Commitment for publication of volume in "Nedra" (20
provided by Soviet Geothermal Assoc1at10n ULenlngr
publlcation - by self-support

Vol. 3 UTILIZATION 20 auth 1
for USSR - Prof. O.A. Povarov (MEI)
\ Dr. G.M. Gaidarov (VNIPI’
for USA - Prof. John Lund (GeoHe?
Commitment for publication of volume in !
provided by VNIPIGeoTerm (Makhachkala),
by self-support.




As Responsible Authors of the 26 chapters of the Monograph are
invited well-known specialists of the USSR and USA. You are
invited as a Responsible Author of a Chapter.

Your American Co-Author is:
Address:

In September-October of this year, I made contact with the
council of Editors of the Volumes and Co-Authors of several
chapters. With Prof. Paul Kruger we discussed problems of
preparation of the Monograph at Stanford, Santa Rosa, Klammath
Falls, Albuquerque, Santa Fe, Los Alamos, Los Angeles, New York,
and Washington. With American Volume Editors and several chapter
Authors (P. Muffler, H. Murphy, J. Lund, M. Gulati, J. Rowley, B.
Robinson, P. Lienau, K. Rafferty, R. Schoemachers). These
discussions permitted a more accurate definition of the structure
and composition of the monograph authors (enclosed), although, of
course, in the process Qﬁ working, further refinements will be
possible. Corresponding functions of the Responsible Authors of
the chapters, recommendations. on their contents, and the schedule
of the work follow:

1. October 1990 - Agreement on structure of the volumes and authors
_ of the chapters;
2. Nov-Dec - Preparation of the prospective chapter
(1-2 pages), agreement with volume editor and
co-author, initiation of contact of co-authors
(telephone, fax, telex, mail); :
3. Jan-Mar 1991 - Preparation of Russian chapters, translation into
other language and submission to volume
) editors; :
4. April - Working conference of chapter authors with volume
editors separately by country (USSR - at LMI).
Agreement on controversial questions on
distribution of material between chapters;

5. May- - Completion of chapter manuscript and its
- ) translation, accord between co-authors;
6. June - Working meeting of the volume editors from the
USSR and USA with local authors in Leningrad
(LMI) - confirmation of contents of the

chapters, foreword and prospectus of the
volumes, agreement of editors in both languages
for publication in the USSR and USA and
conclusion of publication agreement.

"7. Jul 91-Mar 92- Finishing and revision of chapter manuscripts in

both languages or reciprocal editing
. translations; .
8. April 1992 - International Symposium on Problems in Geothermal
Energy, Crimea, with invitation to all Editors
and chapter Authors as speakers at morning
Sessions of the three thematic working days of
the symposium (per the three Monograph
volumes); information on appearance at evening
thematic Sessions of other participants at the
Ssymposium from USSR and other countries




included with referenced authorship in sections
"Discussion" in the corresponding Monograph.
chapters; '

9. May - Completion of editing and revisions of ‘chapter
manuscripts with incorporation of materials

< presented at the Symposium;

10. June-July - Submission of final manuscript in Russian and
English to the designated publishers in the
USSR and USA.

For equal size of the volume and with differing number of
planned chapters, the size of each chapter should be: for Vel. 1,
4 author-lists; for Vols. 2 and 3, approximately 2 author-lists,
taking for 1 author-list 25 pages of double-spaced manuscript text,
for corresponding reduction of text pages taking into account
inclusion in manuscript of illustrations (5-20 per chapter) and
bibliography (not more than 30 per chapter).

Since the Monograph is a Soviet-American publication and with
authors only from the USSR and USA, it is natural that in each
chapter the greater weight should be on the general results of
investigation and experience mainly in these two countries, and
literature from other countries are also to be included, but should
be given greater brevity.

In each chapter expediently introduce a section on
"Discussion", allotting 4-6 pages for original materials presented
at the planned Crimea International Symposium in 1992. However it
is not necessary for all chapters to have the same structure and
section headings (For example, 2.1 Introduction; 2.2 Experience in
the USSR; 2.3 Experience in the USA; 2.4 Other countries; 2.5
Discussion; 2.6 Conclusions; 2.7 References). All of these parts
should be in each chapter, but its outline could be varied. The
structure of the c¢hapter, titled sections, allocation between
Soviet and American Co-Authors should be confirmed among themselves
in November-December 1990. Naturally, it should not be necessary
for Soviet or American Co-Authors to write the whole chapter alone.
-Hopefully, the Co-Authors should resolve these questions by
themselves and parts of chapters by:. level of competence and
..availability of pertinent materials. For the goal of a high
quality publication it will be necessary to refer the resolution of
problems to "third-parties" from highest competent specialists in
the USSR and USA.

Although such "procedure" raises the quality of the chapter,
it could hamper the management of the work, it follows that it
should not be misused. In any case, the quality of the chapters,
responsibility for it rests with the Soviet and American
Responsible Authors and volume Editors.

In practice, all chapters could and should touch upon its own
diversity, pertinent to the geothermal energy questions which are
given dedicated sections in chapters of the monograph. Therefore
each author.should keep in mind the contents of the other chapters




of his and other volumes, to resolve, in whatever degree it follows
going deeper in the subject appearing in another chapter. However,
if the author believes that he 1is providing very important
information, by such "extraneous" subject, he should propose this
information to the responsible author of the chapter where it might
be better included without restricting the authorship rights.
Complex questions of material distribution by chapter should be
referred to the pertinent volume editor. )

A function of the Responsible Author is to carry out not only
translation of his own text into the other language, but also
literary editing of the translation to the "foreign" 1language
presented by the co-author of his own text.

It is very desirable that all chapters of the Monograph be
written in the style of scientific generalization. That 1is
concrete factual materials, quantitative characteristics, tabulated
digests should be used only for illustration of explanatory

technical positions, mechanisms, principles. It 1s doubtful
whether it is appropriate for cumbhersome mathematical
transformations, detailed descriptions without logical

consequences, nor argumentive affirmations. The Monograph should
not repeat handbooks or textbooks, nor appear to be a scientific-
popular text, and even more so - an advertising document. However,
it is doubtful whether it should strive to excess for uniform style
{(certainly, dimensional units should everywhere conform to system
"si", and magnitudes in all chapters be desirably designated
alike). 1In other aspects, it would be better if the reader of each
chapter would be offered the possibility of feeling and
appreciating the originality personality of the author.

Obviously, we should get started on this extremely complex
work. But with full confidence that together we will manage. This
will bring to each of us deep satisfaction from participating in
this real activity and absolutely strengthen friendly. creative
contact of Soviet and American enthusiasm for geothermal energy.

Chief Editor
Prof. Yu.D. Dyadkin -
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Soviet-American Monograph on Geothermal Energy

To: Patrick Muffler, Hugh Murphy, John Lund
All American Co-Authors

Subject: NewsMemo No. 5

v

Date: 28 March 1991

It seems like Ages since there was something to write about
following NewsMemo 4 of 30 November 1890 !

The Set of Proposed Outlines from the U.S. Co-Authors,
except for the few address changes, was expressed to LMI on
November 1, with the three missing ones forwarded later. We
received a revised list of Soviet Co-Authors, but apparently no
one has heard from his co-author. With all of the problems in
the USSR, it appeared that things might be looking bleak for LMI
and the Monograph, but I have just received a long overdue letter
from Yuri Dyadkin which implies that things are moving along, but
not very fast!

. To bring you up-to-date, I am enclosing a copy of the note
and my translation of the pertinent sections. It appears that
"discussion by mail" is next to useless and that a visit is
needed. However I still think we need to get each chapter's Co-
Authors communicating and do the "negotiating"” concurrently.
Thus I plan to answer this letter with a reminder to get
responses to our Outlines. But even this will take 6-10 weeks.
for an exchange of letters, so it may not be possible to initiate
the Monograph before this summer. 1In keeping with the agreement
from the October meeting, I will try to carry out the June-July
visit to LMI, although we had already felt it was too late to
initiate travel plans at this late date.

v I will be in touch separately with those invited to LMI for
the SU-LMI Tasks 1 and 5 projects. The enclosed letter notes the
first HDR project success and apparently the Crimea symposium for
1992 is still On.

Will be back with NewsMemo No. 6 ASAP; in the meantime
please continue to send me any corrections to mailing address,
telephone number, Fax number, and Telex number, where available.

~ Who knows when the flood of letters will start arriving!

Paul Kruger
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28 February 1991
Leningrad
Dear Paull

I have good news:

Yesterday, 27 Feb 91 in Tirneaus, the first hydrofracture in
the Soviet Union was successfully carried in a granitic massive at
a depth of 3.7 km at temperature about 200 ©°C and hydraulic
pressure from the pumping unit of 60 MPa. The injection volume
totaled 85 m®, and on repetition - 56 MPa with 120 m®. On collapse
of the fracture, the water pressure declined to 30 MPa. Naturally,
this is only preliminary, but it looks like the permeability is not
very great and it is feared there may be none. We are evaluating
the first results and continuing long term injection - discharge
and we will measure the size of the hydrofracture 2zone. At
present, the results are close to calc¢ulations. 1In detail, I will
write additionally.

In a week, our Bulletin No. 1 of the Soviet Geothermal
Association will come from the printers; we will send to you and
the now 11 foreign members of SGA.

I congratulate John Lund! His suggestion as participants V.B.
Adilov and V. Bogolyubov for Chapter 3.10 was directed to G.M.
Gaidarov and N.V. Barabanov to I. Kononov.

In April all Soviet chapter authors will be gathering at LMI -
a "Rehearsal" of the International Symposium in 1992 at LMI -
Crimea. '

By mail are very long travel times... We are awaiting your
visit in June. By such "sluggish" letters, discussion of complex
questions is plainly nonsensical.

) Yyuri Dyadkin
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————— REGIONAL GEODYNAMICS

The Laboratory of Regional Geodynamics (LARGE)} is based in
Moscow and received its charter in August 1988 as the first
privately owned geological and geophysical company in Russia. The
main LARGE activity is o0il and gas prospecting.

Taking in consideration that world geological and
geophysical community is interested a lot in geology of the
Eastern regions of the USSR, LARGE has prepared a number of
geotours around Russian "terra incognita”.

You could have an unique opportunity to look at the geology
and wonderful nature of Kamchatka, Lena river and Koryak ridge.

Best regards,

L]

Andrey Shilovsky
Managing Director

117485 Moscow USSR
Profsojznaj 102-A

Telex 411700 LARGE 1309
Telefax 200 22 16
Phone 335 05 00

16801 Greenspoint Park Dr.,
Ste 151
Houston, TX 77060, U.S.A.

Office 713 873-6157
FAX 713 875-2605
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Practical information.

Departure from Moscow to Tiksy by airplane on
Thursday 1 August; return from Tiksy to Moscow,
Thursday 14  August. Transportation  and

accommodation will be by ship. We'll all stay and have -

mcals aboard, and use motorboat to go ashorc. Normal
tempcrature at this time of vear is around 10 C and we

advice the participants to bc well equipped with suitable

warm field clothes. The fiecld workshop will be lead in

Arctic, where the weather conditions are changeable and

so the return date could be delayed for 1-3 days.

Cost

The cost of the workshop is 4500 $. It includes all
expensesin Moscow and in Yakutya (including air tickels
Moscow-Tiksy, Tiksy-Moscow). This sum will be
invoiced from IKU or LARGE International before the
workshop. All air tickets within the USSR will be reserved
in Moscow.

Reservation
Reservation should be adressed to:

— Atle Mork, IKU N-7034 Trondhecim, Norway.
Phone: +47 7 59 11 00,Fax: +47 7 59 11 02 (aut),
Telex: 55434 ikun '

— Leo Savostin, LARGE International, J.V. 16801
Greenspoint Park Drive, Suite 151, Houston, Texas
77060 USA. Fax: (713) 875-2605.

Dead line for booking and paying is April 30, 1991.
All the questions for additional information should be

adressed to the Organisation Committee: USSR, 1174835,
Moscow, Profsoyuznaya 102-A

Dr. Egorov A.Y. Dr. Savostin  L.A.
Phone:  125-77-11 Phone: 335-05-00
Fax: 232-03-82 Fax: 200-22-16 large

b

Laboratory

Acrogeoldigia (Ricsh v

Space aerogeolopical Expedition-3 =

" with the assistancc of IKU (Norwav) and GEQSOFT (USSR-Austria) .
J "Acrogcologia®-3

SSR. 117292 Moscow, Krjijanovskogo st. 5 bloc
phone: 125-77-11, fax: 232-03-82
‘USSR, 117485 Moscow. Prolsoyuznaya st. 102-A
phone: 335-05-00. fax: 200-22-16 large

LARGE.

STRATIGRAPHY,
' AND TECTONICS

FIELD WORKSHOP

LENA
1991

Egorov A.Y.(Aerogeologia), Savoatin L.A.(LARGE),
Dagys A.S.(1ELAS), Drachev S.S.(LARGE)
Novikov A.A.(Aerogeologia), Mironov I.V.(IMGRE)




BACKGROUND T

The Kamchatka peninsula is uncommon geological, biological and geographical nature reserve. The bigger part
of itis nol mastcred by pcople. Many nawuralists and trevellers arc dreaming to visit Kamchatka.

I'he nature of Kamchatka is excellent and scvere. Kamchatka is one of finest places of the Earth.

‘Thercare twolarge mountainridgesat peninsula: Sredinny Ridge (where there isa highest mountain of Kamchatka
- Klutchevskoy volcano, height 4750m) and the East Ridges (Valaginsky, Tumrok, Kumrotch). ‘The rldges are
divided by Ozernaya Kamchaltka rivers valiey - the largest river of peninsular. There are many different animals
at Kamchatka. Among them: brown bears, mountaln sheeps, reindeers hares and many others. There is a lot of
fish in the rivers. Southern pari of peninsula is covered by taiga. At taiga there are many rare and relict types of
plants. '

I'rom geological point of view Kamchatka is uncommon too. The peninsula consists of different geotogical
complexes: from precambrian (or paleozolc) 1o modern age. Our investigations discovered, that peninsula has
composed of palaco-back-arc-basins; palaeo-volcanic-island-arcs; continental rifting and others complexes.
There are many active volcanoes at Kamchatka: Klutchevskoy Is the highest active volcano at Euro-Asla;
Mutnovsky voulcano has grealest in the world thermal apanage flow incrater; Koryaksky and Avachinsky volcanoes
which you can sce from Petropavlovsk-Kamchaisky.

A11991 we wiil live at two tent camps. The first camp (map no 1,2) will be located atupper of Kvahona river (right
iributary of Kolpakova river). The second camp (map no 1,3) will be locate at the mouth of Moroshechnaya river
(coast of Kvachina bay of Ohotsk sea).

The Geotour will be led by G.E.Bondarenko, the geologist In chief of Kamchatsky branch of LARGE
International; N.B.Kusnetsov, the geologist of LARGE International and geologists from Kamchatka Geological
Serves.

We are inviting to tnke part In Geotour all naturalists, who are Interested In this regton and all (revellers, who like
wilderness and exotlc. Our Geotour, also, would be interesting to all broadminded geologists, who are Interested
in evolution of North-west convergence border of Pacific.
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A bitlusive-pyroclastic complex, J-K

L Ultramafic complex, T-J(?):
S.-Metaturbidate MZ: 6.-Gneiss, PZ3-MZ,
7.-a) Eltusives, Q; b) Gabbro, N;

R.-4) Plagiogranites,)-K¢: b) Granites. K.

1. Turbidate, Ky, 3 2.-Elfusive
pyroclastic compicx, Jy-K:
3.-Gabbro-diorite, K,
4.-Granite, K,; 5-Faults and
thrusts; 6.-Stratigraphic contacis

FIELD PLANS

Geoture is planned as a serles of excursions which will be carried from two tent camps. We shall go to the excursion
places of and back by hellcopter. Excurslons themsclves will be pedestrian. The part of excursions will be
pedestrian only. We will investigate the geological and geographical features of region during the excursion. Our
geotour will be extremely Interesting for geologist of different speciality and for lovers of journey and nature, who
are interested In the history of our Planet. )

You will be able 1o hunt rare animals of Kamchatka for separate pay:for brown bear - 2000 $; probably for
mountatnous sheep - 3000 $. The lovers of fishing will be able to angler of salmon in rivers [or separate pay (near
10 § for one fish).

We will live In hotel In Moscow and Petropaviovsk-Kamchatsky. We will live In tenis at fleld camps. The
nourishment and drinks are for our calculation. The mode of life at field camps is ascetical. 1t’s for courageous
and brave men and very different from life in fashionable hotel. But we will do all the best to make this tour exciting.

SHEDULE

SUNDAY, 7. July: arriyal to Moscow or to Khabarovsk and accommodation at a hotel.

MONDAY, 8. July: departure to Petropavlovsk-Kamchatsky from Moscow (alrport Domodedovo) or from
Khabarovsk.

TUESDAY, 9. July: arrival to Petropavlovsk-Kamchatsky. Accommodation at a hotel. At evening - icebreaker.
WEDNESDAY, 10. July: fly from Petropavlovsk-Kamchaisky 1o tent camp at Kvahona river. The lecture abouwt
geological and geographical features of reglon.

THURSDAY, 11. July: geological excursion to upper of Granatovy stream. The metamorphic complex (biotile
gncisses, amphibole blotite gneisses, amphibolites of MZ (J?) age with bodies of ultrabasites. The autoctastic
picriles melange zone study. Malic ksgnolites in porphyrites J3-K1 age. During of excursion - the beautiful
panorama of Kolpakova river basin. .

FRIDAY, 12, July: excursion 1o paleo-volcano Ilangar. We will have a chance to find in large catdera with fine
luke alter hard ascent. During 1he ascent we will aicquaint with the structure of stratum-volcano and with consisting
rocks.

SATURDAY, 13. July: excursion 1o “Granatovaya mountain®. The metamorphic and imtrusive complexues. Stwudy
of scismodislocations. We will choice the samples of metasomatic rock with large crystals of almandin.
SUNDAY, 14. July: helicopter excursion to Uson volcano caldera. Bathing in lake with warm water. Examination
of huggetly sulfur accumulations. Usons caldera is one of finest places of Kamchatka.

MONDAY, 15. July: excursion to Hozgon ridge. Acquaintance with turbidate complex of K2 age and with contact
of this complex and paleo - island- arc complex J-K1 age. Very interesting tectonic: complicated folds, thrusis.
TUIESDAY, 16. July: helicopter excursion to Geyser valley.

WEDNUESDAY, 17. July: excursion to Kvahona and Hultun rivers watershed. ‘the folding structure of
metamorphic complex and intrusions of muscovite granite.

THURSDAY, 18. July: heficopter excurslon to Mutnovsky and Gorely volcano. We will discmbark at the crater
of volcano and break the samples of young volcanogenic rocks.

FRIDAY, 19. July: helicopter flight 10 Moroshechnaya river mouth (tentcamp number two) . The pillow lavas and
agglomeration tuffolava of J2-K1 age study.

SATURDAY, 20. July: excursion along the coastal cliffs. The large synclinc of eocene-oligocene rocks study.
‘There are many fossiis of Bivalvia-and Gastropoda groups. The classic angular unconformity between cocenc rocks
and wrbidate complex of K 1-2 age.

SUNDAY, 21. July: excursion along the coastal cliffs. The olistosirom complex of hoicriv-birremian age and
turbidate complex K 1-2 age. The uncommon beauty views: the black cliffs are overhanging over the green water,
the birds bazaars; the beautiful cascades.

MONDAY, 22. July: helicopter excursion_over the finest volcanos of Kamchatka. The rare possibility 10
photograph volcano from helicopter.

‘TUESDAY, 23. July: departure to Petropaviovsk-Kamchaisky. We will take away our baggage 1o hotel and go 10
Paratunka (famous health resort with medicinal thermal waler). At evening - banquel.

WEDNESDAY, 24. July: departure fram Petropaviovsk-Kamchatsky to Moscow or to Khabarovsk. You may take
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10 home the uncommon photographies, collection of rocks and hunting trophies (if you Is lucky). Among them you

will take home many of agreeable impressions. Welcome to Geoture. a DGE LARGE INTERNATIONAL faaZioar
. LANJL 4 GTS JOINT VENTURE
PRACTICAL INFORMATION. ‘ ! 18801 Gresnspoint Park Dr., Ste 181
Departure from Moscow to Petropaviovsk-Kamchatsky by alrplane on Monday, 8. July, flight no 59 at 11.25. or :"';':.jl:"";’f::’;:‘""'
FAX 713 878-2609

from Khabarovsk by airplane on Monday, 8.July, flight no ... at ... . Return to Moscow 24.July, flightno ... at ...
and 1o Khabarovsk 24 July, flight no ... at ... . Transporiation within the Kamchatka by helicopter. We will fly to

places of excursion and back by helicopter. We will perform the part of excursion by foot from fleld camps. Normal

temperature al this time of year is around 15 C and we advice to participanis to be well equipped with sultable
“warm ficld clothers. There are many mosqultos at this season and we advice provide oneself with repellent. You GEOTO l | R
must have special rubber foot-wear, because many little rivers and streams at places of excursion. The climate of .
Kamchaitka is very peculiar: the cold winds; rain and snow Is normal phcnomenon. Therefore the insignificant
deflection from detail plans Is possible. You will successful get over all difficulties of Geoture at Kamchatka. Our . C
guides who arc an experienced field geologist and experts of nalure conditions and the anlmal kingdom of KAM HATKA
Kamchatka will help vou in il
wilthelp youln il GROLOGICAI, MAP OF KAMCHATKA PENINSUIA
e 0 £ %o 130es
COST ,

‘Fhe cost of the workshop is 5000 $. Tt Includes all expenses in Moscow and In Kamchatka (excluding alr tickets).
‘This sum will be invoiced from LARGE International before the workshop. All alr tickets inside the USSR will be
reserved in Moscow. Note please, that air tickets for forcigners In the USSR have to be pald in the hard currency.
‘licket price Moscow - Petr.-Kamch. 500 $ and Khabarovsk - Petr.-Kamch. Is approximately 360 $

RESERVATION

Reservation should be addressed to:

Lco Savostin, LARGE International, J.V. 16801 Greenspoint Park Drive, Suite 151, iTouston, Texas 77060 USA.
Fax:(713) 875-2605. ’

Dead line for booking and paying is 10 May 1991

All questions for additional information should be nddressed to the Organization Committce: USSR, 117485,
Moscow, Profsovuznya 102-A .

Dr. Savostin L.A. ’hone: 335-05-00 Fax: 200-22-16
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Your way to Chukotka

You can flight to Anadyr from
Moscow, Khabarovsk. and
Providenia airports. Flight # 811-
812 Khabarovsk - Niigata ( Japan )
- Khabarovsk by " JAL " and
"Aceroflot”. Flight Providenia - Nom
( Alaska ) - Providenia by "Acroflot” and "Alaska
airlines". The straight flights from Anchorage ( Alaska
) to Anadyr ( Chukotka ) will begin in 1991,

Cosl.

Registration fee is US $2500. Your
expenses in Anadyr and in field
camps ( including the helicopter )
will be paid by "Acrogeologia” and
"LARGE Int." All interior air tickets
) will be reserved in Moscow. Note
plcase, that air tickets for foreigners in the USSR are to
be paid in the hard currency. Moscow-Anadyr ticket
pricc approximaites US $300, Khabarovsk-Anadyr - US
$170:and Providenia-Anadyr US $70. .

Our address

Reservation should be addressed to:
Dr. Anatoly P. Stavsky - Chief of the
Gceodynamic Survey Party,
Acrogeologia - 3, Krjijanovskogo st.
5, block 3, 117292 Moscow, USSR,

22-17 box 2536
TELEX: 411700 box 2045

Please, show the numbers of boxes after FAX and
TELEX.

Dead line for booking and paying is 30 april 1991.

FAX: 200-22-16 box 2536  200-

Space aerugeological Expedition-3

\
. \ \
of ey | |
MQ eOI@QIQ '%kwvnwn&s . l \\ .

ALEROGEOLOGIA Space aerogeological Expedition-3 USSR 117292
Moscow Krjijanovskogo st..5 block 3 phone 125-25-40 FAX: 200-224
16 box+2536, 200-22-17 box 2536 |

LARGE INTERNATIONAL Laboratory of regional geodynamic 16801
Greenspoint Park Drive, Suite 151, Howston, Vexas 77060 USA FAX:
(713)-875-2605

|
!
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THE SECOND
INTERNATIONAL
GEODYNAMIC FIELD
SEMINAR

Koryak ridge 20 July - 8 August 1991

Organization Committee:
Anatoly P. Suavsky "Acrogeologia ™
Leo A. Savostin "LARGE International™



':'..-:'."s.

omelon? RZT~ =
cont LN ‘
5 * e
y e -' U o
=% 3 *
. oy i )
71" 1 Q0"' °<\°
-3 I « ) 2004m
.. “ [N S——

L
The Koryak ridge consists of a
collage of tectonostratigraphic
terrancs that have been displaced
to varying degrees relative to cach
ther and to Eurasian continent;
ccretion to the contincntal
margin occurred mainly from Late

Jurassic to Cenozoic time.

o - The Mainits_terrane where the
Scfond International G_codynamiﬁ Ficld Seminar will be
held covers a small portion of the Koryak accrction arca.
It is a well preserved island-are system of the Callovian-
Hauterivian age. Basalts, andcsits, dacites, rhyolitcs,
their tuffs, tuftites and siliccous-terrigenous rocks are
broqd]r developed in its northern part. The prescnce of
boninilcs as indicator rocks of ensimatic island arcs is
characteristic of this arca. The southern part of Mainits
terranc, separated from nocthern one by Yagcel
scrpentinite melange is built up by graywacke mixtitcs,
tuffaccous sandstoncs, siltstoncs an %lgnnllc lump-
olistostromes. It is a_subduction complcx of Mainits
island arc produced both due to removal of dcetrifal
maitcrial from the axial volcanic uplifl and duc to its
tectonic supply from the subducting plate.

178"

Field schedule.

The Seminar is planned as a scries
of trips and lecturcs in between.
During 10 field trips you will have
an opportunity to get acquainted
with several uniquc geological
objects inside the Mainits island

arc system,

Sunday, 20 July

Arrival in the first ficld camp. Elgevajam rivet.
Monday, 2t July.

Lecturcs "The Koryak accretion area” and "The Mainits
island arc”.

Tuesday, 22 July.
Field trip 1. The Elgevayam autoclastic melange.
Wednesday, 23 July.

Field trip 2. The Lozov allogenic block incorporated in
accretion wedge of thc Mainits arc.

Thursday, 24 July.
Field trip 3. Graywacke mixtite complex.
Friday, 25 July.

Field trip 4. Allogenic gabbro-tonalite massif included
in subduction complcx.

Saturday, 26 July.

Flight to the sccond ficld camp. Yagelnaya river.
Sunday, 27 July.

Lecture "Ophiolites of the Koryak ridge”
Monday, 28 July.

Field trip 5. Basalts and ultrabasic rocks of Yagel
ophiolite complex.

Tuesday, 29 July.

Field trip 6. Gabbro and sheeted dikes of the Yagel
complex. ‘

Wedresday. 30 July.

Field trip 7. Volcano-terrigeneous rocks of Mainits
istand arc. -

Thursday, 31 July.

Flight 1o the third ficld camp. Chirynay river.
Friday, 1 August.

Lecture "Ultrabasic and basic rocks in Koryak ridge.”

Saturday, 2 August.

Field trip 8. Ultrabasic rocks in Chirynay massif.
Sunday, 3 August.

Field trip 9. Basic rocks in Chirynay massif.
Monday, 4 August.

Field trip 10. Volcano-sedimentary rocks in Chirynay
Mountains.

Tuesday, S August,

Return to the first ficld camp.

Wednesday, 6 August.

Lecturc “Oil and Gas geology of the Koryak region”.
Thiirsday, 7 August,

" The final discussion.

Friday, 8 August.

Departure from the ficld camp. Arrival in Anadyr. )
9-10 August. o ' '
Departurc from Anadyr.
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Soviet-American Monograph on Geothermal Energy

To: Patrick Muffler, Hugh Murphy, John Lund
All American Co-Authors

Subject: News Memo No. 3
Date: 1 November 1990

Enclosed is a copy of the current Full Set of Proposed
Outlines expressed to LMI for initiating the Soviet-American
Monograph on Geothermal Energy under Task 4 of the SU-LMI
Geothermal Agreement. Three of the Outlines have not yet been
received. These should be forwarded ASAP to avoid problems for
the Soviet Co-Editors.

Please check over your own Outline as formatted for the Set
and send me any corrections, revisions, or additions. We will
prepare updated versions and send them on (probably to the end of
the year) until we start receiving responses from the Soviet Co-
Authors. Subsequent changes should be negotiated between the Co-
Authors. Please let us know when you first hear from your Co-

" Author. Keep in mind that there won't be enough time for many
exchanges of mail between Co-Authors from now to April '91 when
the first drafts are due for final negotiation of publication
arrangements in June.

The Proverbial Ball is now in the hands of our Soviet
colleagues. It should be quite an experience to see the counter-
proposed Outlines, which should really start to set the tone of
the Monograph. With the full set of Outlines on hand, each of
us should be able to arrive at a mutually satisfactory chapter
Outline with agreed assignments to begin the text preparation. I
will try to assist anyone with trouble in translating responses
in Russian, Please send me (and respective Co-Editor) copies of
the responses and your revisions as they develop.

Best Wishes,
Paul Kruger
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GEOTHERMAL ENERGY

USSR-USA Joint Monograph
(estimated 500 pages in 3 Volumes)
(for publication in 1992)

Chief Editors
Yuri D. Dyadkin (Leningrad Mining Institute, USSR)
Paul Kruger (Stanford University, USA)

Volume 1. Resources (Volume Editors: V. Kononov, P. Muffler)

Nature of Geothermal Energy

Heat Flow Distribution and Geothermal Anomalies

Resource Base and Resources by Type

Exploration Geosciences (Geology, Geophysics, Geochemistry)
Prospect Evauation
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Volume 2. Extraction (Volume Editors: E. Boguslavsky, H. Murpny)

Characteristics of Geothermal Reservoirs
Drilling and Completion of Geothermal Wells
Well and Reservoir Testing '
Reservoir Diagnostics
Reinjection
Stimulation
Artificial Circulation Systems
Heat and Mass Transfer Processes in Geothermal Systems
Management and Economics of Geothermal Fields
0 pPotential for Magmatic Heat Extraction
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Volume 3. Utilization (Volume Editors: G. Gaidarov, J. Lund,

1 Spheres of Utilization

2 Thermodynamics of Conversion Processes
3 Electric Power Plants and Steam Cycles
4 Binary Conversion Cycles
5
.6
.8

. Advanced Conversion Cycles
Basic Direct Heat Technology
.7. Municipal Heat Supply Systems
Industrial Heat and Mineral Extraction
9 Agricultural and Aquacultural Heat Supply
0 Thermal Water Balneology

3
3
3
3
3
3
3
3
3
3.1

3.11 Environmental Aspects of Geothermal Power Engineering



Chapter 1.1
NATURE OF GEOTHERMAL ENERGY

American CoAuthor: Wendell A. Duffield Tel: 602+527-7205
U.S. Geological Survey Fax: 602+527-7169
2255 North Gemini Drive Tiw:

Flagstaff, AZ 86001

Soviet CoAuthor: Anatoly A. Smislov Tel: tbhd

Leningrad Mining Institute Fax: tbd

21st Linivya No.2 . Telex: thbd,
Leningrad 199026 USSR

Chapter Outline Suggested

f1q Sep Yo Responsible

N P 1 ) : Co-Author

Definition of geothermal energy {WAD 7

A. Sources of geothermal energy
B. Distribution and movement of geothermal
energy within the Earth
Geothermal energy in the upper crust
A. Amount of geothermal energy within the
upper few kilometers
B. Background geothermal flux across the
Earth's surface
C. Regional geothermal regimes
Types of geothermal anomalies in the upper crust
A. Magma bodies
B. Hydrothermal convection systems
C. Hot dry rock
D. iInterrelations among magma, hydrothermal
convection, and hot dry rock
Geothermal energy and the environment
A. Types of environmental impacts associated
with geothermal developments
B. Means of mitigating environmental impacts
C. Comparisons with environmental impacts associated
with hydrocarbons and other fossil fuels
Speculations on the role of geothermal energy during
the 21st Century



American CoAuthor:

Soviet CoAuthor:

V.

Vi.

Chapter 1.2

HEAT FLOW DISTRIBUTION AND GEOTHERMAL ANOMALIES

Introduction

A.
B.

Om>P

OOmP

O m >

References

David D. Blackwell
Geological Sciences Dept.
Southern Methodist Univ.

Dallas, TX 75275-0395

Yakov B. Smirnov
Geological Institute AS

Moscow USSR

Chapter Odtline

Tel: 214+692-2745
Fax: 214+692-4289

fo:

Tel: tbd
Fax: tbd
Telex: tbd
Suggested
Responsible
Co-Author
(ODB 7))

(as compiled)



Chapter 1.3

RESOURCE BASE AND RESOURCE BY TYPE

American CoAuthor: L. J. Patrick Muffler
U.S. Geological Survey

Tel: 415+329-5239
Fax: 415+329-5110

345 Middlefield Road Tix:
Menlo Park, CA 94025
Soviet CoAuthor: Anatoly A. Shpak Tel: tbd
Fax: tbd
" Telex: tbd
Moscow USSR
Chapter. Outline Suggested
(26 Oct 90) Responsible
Co-Author
|. Introduction
A. Overall objective of chapter
B. Brief history of topic
Adaptation of mineral deposits
and petroleum terminology
1. Basic Definitions |llustrated by McKelvey Diagram (LJPM)
A. Degree of economic feasibility
1. Resource base
2. Accessible resource base
3. Useful accessible resource base
B. Degree of geologic uncertainty
1. ldentified
2. Undiscovered
C. Derived terms
1. Resource
2. Reserve
I11. Summary of Past Experience
A. USA . (LJPM)
1. USGS Circulars 725, 790, and 892
2. Cascades
B. USSR (AAS)
C. World
1. Tuscany (LJPM)
.2. New Zealand {LJPM)
V. Future Expectations and Research Need
A. Recovery factor (LJPM)
B. Undiscovered resources (AAS)
C. Hot dry rock (AAS)
0. Magma {AAS)

V. Discussions and Conclusion
Vi. References

(as compiled)



Chapter 1.4
EXPLORATION GEOSCIENCES

American CoAuthor: Phillip M. Wright Tel: 801+52L-3439
Univ. Utah Res. Inst. Fax: 801+524-3453
391 Chipeta Way Ste.C TIx:
Salt Lake City, UT 84108
Soviet CoAuthor: Vladimir |. Kononov Tel: thd
Geological Institute AS Fax: tbd
Moscow : USSR Telex: thd.
Chapter Outline Suggested
(21 53‘, %) Responsible
Co-Author

. Introduction {PMW 7))

A. Objective of Chapter
To review application of geological, geochemical,

and, geophysical techniques to regional
exploration for geothermal resources

B. History of geothermal exploratio
Brief summary of early development, techniques used,
philosophy ’

C. Summary
Summary of exploration methods and exploration
strategies

11. Review of Regional Exploration Techniques

A. Classification of techniques and comparison of
techniques used to those used for mining and
petroleum exploration

B. Geological techniques of geologic mapping; study of
drill samples; age dating; structural studies;
geologic interpretation

C. Geochemical techniques of chemistry of thermal fluids;
major,minor, and trace elements in rocks; hydrothermal
alteration; isotope studies; fluid inclusions

D. Geophysical techniques of thermal, electrical, gravity,
magnetic, seismic, and seismological methods, and
remote sensing

I11. Regional Exploration Strategies

A. Summary of application of geosciences, exploration
strategies '

B. Regional area selection with characteristics of
geothermal environments (arid, wet, crystalline-rock,
volcanic-rock, sedimentary-rock

C. Regional exploration, exploration process, regional
exploration strategies

V. Exploration Case Studies (also for USSR ?)

A. Geothermal provinces in the USA; summary of regional
exploration in the USA

B. Exploration of the Basin and Range, western USA

C. Exploration of the Imperial Valley, southwest USA

V. Future Expectations and Research Needs

A. Future of geothermal exploration in the USA (PMW? )

B. {same for USSR ?7) (VIK?)

C. Research needed to improve exploration techniques

Vi. Discussion and Conclusions

VIil. References (as compiled)



American CoAuthor:

Soviet CoAuthor:

V.

Vi,

Introduction
A.
B.

O m>

SoOoOm>

OmL>

References

‘Chapter 1.5
PROSPECT EVALUATION

Norman E. Goldstein

U.S. Department of Energy
MS ER-15 J-315 GTN
Washington, DC 20545

Emil 1. Boguslavsky
Leningrad Mining tnstitute
21st Liniya No.2
Leningrad 199026 USSR

Chapter Outline

Tel: 602+527-7205
Fax: 602+527-7169
Tix:

Tel: tbd
Fax: tbd
Telex: tbhd

Suggested

Responsible

Co-Author

{NEG 7)

(as compiled)



Chapter 2.1
CHARACTERISTICS OF GEOTHERMAL RESERVOIRS

American CoAuthor: Paul Kruger Tel: L415+725-2382
Civil Engineering Dept. Fax: '4L15+725-8622
Stanford Univesity Tix:
Stanford, CA 94305 *: 3722871 -
. STANUNIV
‘Soviet CoAuthor: Alexie V. Kiryukhin Tel: tbd
institute of Volcanology 'AS Fax: tbd
Petropavliovsk, Kamchatka Telex: thbd
683006 USSR '
Chapter Qutline. Suggested
(28 Sep 90) o Responsible
Co-Author

i. Introduction
A. Engineering definition of a geothermal reservoir

beyond description of geothermal systems and

types from Volume 1 {PK)
B. Brief history of geothermal reservoir engineering (PK)
C. Basic parameters of geothermal reservoirs (PK)
1. Summary of Past Experiences
A. USA history of reservoir development {PK)

vapor-dominated (e.g., The Geysers, CA)
two~phase (e.g., Roosevelt Hot Springs, UT)
liqguid-dominated (e.g., Salton Sea, CA)
geopressured (e.g., Gladys McCall, LA)

hot dry rock (e.g., Fenton Hill, NM) "

B. USSR history of reservoir development {AK)
(examples)

C. Worldwide experience {AK)

(e.g., lceland, lItaly, Japan, Mexico, -
New Zealand, Philippines)
I1l1. Current Status of Development

A. Advances in USA reservoir engineering (PK)
B. Advances in USSR reservoir engineering {AK)
C. Summary of world literature . (AK)

IV. Future Expectations and Research Needs ()
A. Role of Universities
B. Role of Research Institutes
C. Role of National Laboratories
D. Role of Private Industry
V. Discussion {¥)
VI. References . (as compiled)

* by exchange of correspondence



Chapter 2.2

DRILLING AND COMPLETION OF GEOTHERMAL WELLS

American CoAuthor:

Soviet CoAuthor:

{. Introduction

"21st Liniva

John C. Rowley

EES-1 MS D-462

Los Alamos National Lab.
Los Alamos, NM 87545

Boris B. Kudryashov
Leningrad Mining Institute
No.2
Leningrad 199026 USSR

Chapter QOutline
( 50Oct R0)

A. Objectives of chapter
B. Brief history
C. Basic definitions

I, Summary of Past Experience
A.. USA data summary
B. USSR data summary

Drilling Performance

A. Drilling effectiveness
B. Rock types and borehole configuration

C. Drill

bit and core bit performance
D. Directional
£. Summary of critical

drilling and control
factors

V. Future Expectations and Research Needs
A. Drilling strategies
B. Measurments

C. Technology

V. Conclusions
Vi. References

issues

Tel:
Fax:

Tix:

505+667-1378
505+667-3L94

Tel:
Fax:

Telex:

tbd
tbd

thd

Suggested
Responsible
Co-Author

(BK+JR)
(BK+JR)
(JCR)

(JCR)
(BBK)

{JCR)
{BK+JR)
(JR+BK)
{BK+JR)
({ JR+BK)

{JCRY

{BK+JR)
(JR+BK)
(BK+JR

(as compiled)
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American CoAuthor:

Soviet CoAuthor:

V.

Vi.

Introduction
A.
B.

O o>
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References

Chapter 2.3
RESERVOIR TESTING

Mohinder S. Gulati
Unocal Geothermal Div.
3576 Unocal Place
Santa Rosa, CA 95406

Yuri M. Pariisky

Leningrad Mining Institute
21st Linivya No.2
Leningrad 199026 USSR

Chapter Outline

Tel: 707+545-7600
Fax: 707+545-8746
Tix:

Tel: tbd
Fax: tbd
Telex: tbd
Suggested
Responsible
Co-Author
{MSG 7))

(as compiled)



Chapter 2.4
RESERVOIR D{AGNOSTICS

American CoAuthor: Bruce A. Robinson Tel: 505+667-9893
EES-4 MS D-243 Fax: 505+667-8487
Los Alamos National Lab Tix:
Los Alamos, NM 87545
Soviet CoAuthor: Yuri M. Pariisky Tel: tbhd
Leningrad Mining Institute Fax: tbd
21st Linivya No.2 . thb
Leningrad 199026 USSR Tbkx 4
Chapter Outline ) Suggested
@A Oct 90) . Responsible
: Co-Author
. Introduction (BR+YP)

A. Overall objective and scope

B. Basic definitions

C. General characteristics of diagnostic techniques ’
11. Diagnostic Techniques

A. Tracer testing (BAR)
Desirable characteristics of tracers (BAR)
Types of tracers ) ( BAR)

chemical; radioactive
Interpretation of tracer tests (BAR)
Field experience

USA; USSR; world (BR;YP;BR)
Novel tracer techniques (BAR)

single-well tracer techniques;
chemically reactive tracers
B. Geochemical monitoring

Overall description of techniques ' (BAR)
Geothermometer measurements . (BAR)
Mixing line analysis , (BAR)
Analysis of field-wide chemical gradients ( BAR)
lsotopes (BAR)
Minerology (YMP)
Fluid inclusions (BAR)
C. Seismic technigues .
Active seismics {YMP)

vertical seismic profiles (VSP);
crosswell tomography

Passive seismics (BAR)
monitoring of microearthquakes
D. Electrical techniques (YMP)

resistivity measurements; magnetotellurics
E. Gravity measurements - {YMP)



it1. Future Research Needs

A.

c.

0.
E.

Tracers
Environmentally benign, high-temperature t
Fundamental understanding of transport
in fractured rock
Demonstration of applicability of novel
tracer techniques
Geochemical monitoring

{BAR}
racers

(BAR)

Remote sampling and measurement capability:

Seismic techniques
High-temperature logging tools

Electrical technigues

Gravity measurements

V. Discussion and Conclusions
V. References

Ch.2.4 - (2)

{YMP)

( YMP)

{ YMP)

{BR+YP)

{as compiled)



American CoAuthor:

Soviet CoAuthor:

. tntroduction

Chapter 2.5
REINJECTION

Roland N. Horne

Petroleum Engineering Dept.

Stanford University
Stanford, CA 94305

Victor A. Vasiliev
Energy Institute
Moscow USSR

Chapter OQutline
(18 Oct 90)

Tel: 415+723-9595
Fax: h15+725j2099

Tixi 372297 -

STANUNIV
Tel: tbd
Fax: tbd
Telex: tlod
Suggested
Responsible
Co-Author

A. Discussion of the requirements of a reinjection

scheme (waste disposal
and difficulties (loss of
premature thermal
B. Discussion of the basic principle of thermal
fluid transport through porous and fractured

breakthrough)

Tracer tests
of current practices
developments

1. Summary of Past Experiences

media.
C. Overview
geothermal
A. USA
B. USSR
C. World

A. Thermal

Research Directions and Needs
transfer research

B. Fluid transport and tracer research
IV. Discussion and Conclusions

V. References

and reservoir management},
injectivity and

(VAV)
and

(RNH )

in actual

(VAV)

{RNH)
(VAV)
{ RNH)

(VAV)
{RNH)
[VAV)

.(as compiled)



Chapter 2.6

STIMULATION
American CoAuthor: Ralph W. Veatch Tel: 918+ -
Amoco Prod. Res. Center Fax: 918+660-4175
P.0. Box 3385 Tix:
Tulsa, 0K 74102
. Soviet CoAuthor: Victor A. Vasiliev . Tel: tbd
Energy Institute Fax: tbd
Telex: tb
Moscow USSR ox d
Chapter Qutline Suggested
( S oct 20) . ' Responsible
Co-Author .
I. Review of Past Experience (RAV ?)

I't. Overview of Possible Stimulation Processes, Methods
A. Near wellbore methods
B. Formation penetrating processes
I11. Criteria, Methods, etc. for Selecting Stimulation Processes
IV. Application of Stimulation Processes
A. Hydraulic fracturing
1. Formation physical, chemical, mechanical
considerations
2. Treatment materials
3. Treatment design
L. Treatment application and equipment
B. Chemical stimulation , .
1. Formation physical, chemical, mechanical
considerations
2. Treatment materials
3. Treatment design
L., Treatment application and equipment
C. Mechanical stimulation (explosives, propeltlants)
1. Formation physical, chemical, mechanical
considerations
2. Treatment materials
3. Treatment design
L. Treatment application and equipment
V. Evaluation of Treatment Effectiveness



. Chapter 2.7
ARTIFICIAL CIRCULATION SYSTEMS

American CoAuthor: Hugh . Murphy Tel: 505+667-8914

EES Div. MS D-4LbLe Fax: 505+667-3494
Los Alamos National Lab Tix:
Los Alamos, NM 87545
Soviet CoAuthor: Yuri D. Dyadkin Tel: 218-86-52
. Leningrad Mining Institute, Fax: tbd
21st Liniya No.2 Telex: t
Leningrad 199026 USSR Slex =
Chapter Qutline Suggested
Responsible
(S'Odt?O) ‘ Co-Author
. Introduction
A. Objectives of chapter (YDD)
B. Discovery of hot rock in earth's crust (HM+YD)
C. Nature and distribution of hot dry rock
(petrothermal) resources ) (HM+YD)
D. Early proposals for recovering geothermal! heat (HM)
Il. Summary of Past Experience
A. The USA Hot Dry Rock program (HM)
B. The Soviet Petrothermal program {YDD)
C. Other programs (HM+YD)
111, Current Status
A. USA {HM)
B. USSR (YDD)
V. Future Expectations and Research Needs (YD+HM)
V. Conclusions (HM+YD)
Vi. References ‘ (as compiled)



Chapter 2.8
HEAT AND MASS TRANSFER PROCESSES IN GEOTHERMAL SYSTEMS

American CoAuthor: Ping Cheng Tel: 808+4956-7167
Mechanical Engr. Dept. Fax: 808+956-2373
University of Hawaii Tix:

Honolulu, HI 96822

Soviet CoAuthor: Semen G. Gendler Tel: tbd

Vi,

. . .

Leningrad Mining Institute Fax: tbd

2tst Liniya No.2 . thbd
Leningrad 199026 USSR Telex

Chapter Outline Suggested

{3 0Oct 90) Responsible

Co-Author

Introduction _ (PC ?7)

Fundamental Concepts and Definitions
Convective Heat Transfer in idealized Liquid-Dominated
Geothermal Systems
A. Onset of thermally-induced convection
B. Onset of thermo haline convection
C. Finite amplitude cellular convection
D. Convective heat transfer about intrusives
Boiling Heat Transfer in Idealized Vapor-Dominated
Geothermal Systems
A. Is a liquid layer overlying a wet-steam and
dry-steam zone gravitationally unstable?
B. One-dimensional counterflow of steam and liquid
C. Cellular convection in a vapor-dominated
geothermal reservoir
D. Film boiling about a dike
Numerical Simulation of Realistic Geothermal Fields
Wairakei
. 'Heber
East Mesa
Salton Sea
Cerro Prieto
Baca
Krafla
Olkaria
Serrazzano
Broadlands (Ohaaki)
K. USSR fields by Soviet Co-Author?
References (as compiled)
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Chapter 2.9
MANAGEMENT AND ECONOMICS OF GEOTHERMAL FIELDS

American CoAuthor: Subir K. Sanyal Tel: L15+527-9876
- GeothermEx, Inc. Fax: L15+527-8164
5221 Central Avenue Tix:
Richmond, CA 94804
Soviet CoAuthor: Emil |. Boguslavsky Tel: tbd
Leningrad Mining Institute Fax: tbd
21st Liniya No.2 Telex: thd
Leningrad 199026 USSR \
Chapter Outline Suggested
{5 Oct 90) Responsible
Co-Author
. Introduction {SKS ?7)

A. Historical background
B. The need for reservoir management
I't. Management of Surface Equipment
A. Routine maintenance
B. Mitigation of scaling and corrosion
C. Workovers
It1. Management of Downhole Equipment
A. Routine maintenance
B. Prevention and mitigation of scaling and corrosion
C. Workovers
IV. Management of the Reservoir
A. Optimization of Production/Injection strategy
B. Forecasting and minimizing make-up well requirement
C. Minimizing operation cost
D. Unusual management problems - case histories
V. Economic Analysis of Resource Supply .
A. Cash flow analysis
B. Profitability criteria
C. Sensitivity analysis
D. Probabilistic approach
E. Decision trees
VI. Concluding Remarks
Vit. References {as compiled)



Chapter 2.10
POTENTIAL FOR MAGMATIC HEAT EXTRACTION

American CoAuthor: James C. Dunn Tel: 505+84L-4L715

Sandia National Laboratcery Fax: 505+844-3952
P.0. Box 5800 Div. 6252 Tlx ¢
Albuquerque, NM 87185 *

Soviet CoAuthor: Victor M. Sugrobov Tel: tbd
Institute of Volcanology Fax: thbd
Petropaviovsk, Kamchatka ,
683006 USSR Telex: thod
Chapter Outline Suggested
(5 Oct 90) Responsible
Co-Author
l. Introduction
A. Overall objective of chapter \ {(JD+VS)
B. Magma genesis and crustal intrusion [VMS)
C. Worldwide potential of magma energy (JCD)
I1. Summary of Past Experiences
A. The U.S. DOE Magma Energy Program ' (JCD)
B. Magma definition and research in the USSR (VMS)

C. Worldwide measurements and estimates of crustal
magma characteristics including location and
volume (VMS)

. Current Status of Development

A. USA progress in the areas of: ’ {JCD)
source location and definition;
magma/materials compatibility;
energy extraction;

hazards
B. USSR characterization and development status {VMS)
C. Worldwide .characterization and development
status ' (JCD}
Future Expectations and Research Needs
A. The need for deep drilling (JD+VS)
B. Future plans within the USA (JCD)
C. Future plans within the USSR ’ (VMS)
D. Emerging programs in other countries (e.g.,Japan) (JCD)
Discussion and Conclusions (JD+VS)

References (as compiled)



Chapter 3.1
SPHERES OF UTILIZATION

American CoAuthor: Gerald W. Huttrer

Geothermal Management Co.

P.0. Box 2980
Evergreen, CO 80439

Soviet CoAuthor: Boris M. Kozlov Tel: tbd
Allunion Inst. CFEP Fax: tbhd
USSR Telex *
Chapter Outline Suggested
({10 Oct 90) Responsible
Co-Author:
1. Introduction
A.. Overall scope of chapter (GH+BK)
various types of geothermal uses from
past, present, and possibly future
quantification of uses as possible
B. History of topic . { GH+BK)
brief review of the literature
C. Basic definitions ' ( GWH)
power; direct use; classes of non-power uses
(e.g., agribusiness, light industrial;
space heating; bathing; etc)
D. General characteristics ()
condensed abstract (* second draft)
1. Summary of Past Experience
A. USA { GWH)
B. USSR { BMK))
C. World (Europe, fFarEast(Japan, indonesia,China)) ( BMK
(N., S., C. Americas, Philippines) . {GWH)
i1l1. Current Status of Development
A. USA (GWH }
B. USSR ‘ ( BMK)
C. World (Europe, FarEast(Japan, indonesia,China)) { BMK)
(N., S., C. Americas, Philippines) { GWH)
IV. Future Expectations
A. USA { GWH)
B. USSR ( BMK)
C. World (Europe, FarEast(Japan, Indonesia,China)) { BMK)
(N., S., C. Americas, Philippines) (GWH )
V. Discussion and Conclusions (GH+BK)

VI. References

Tel: 303+670-3454
Fax: 303+67L-1971

Tlx:

(as compiled)



Chapter 3.2
THERMODYNAMICS OF CONVERSION PROCESSES

American CoAuthor: Ronald DiPippo : Tel: 508+999-8541
Mechanical Engineering Dept. Fax: 508+997-2877
SE Mass. University Tl
N. Dartmouth, MA 02747 )

Soviet CoAuthor: Victor A. Vasiliev Tel: thd
Energy Institute Fax: tbd
Moscow USSR : TER¥2‘tbd

Chapter OQutline Suggested

(14 Oct 90) Responsible

Co-Author

i. Introduction (* = tbd) : ()

A. Overall objectives
B. Basic principles
1. Applied First Law , ()
A. Steam plant analysis
B. Binary plant analysis
C. Hybrid plant analysis
11, Applied Second Law . ()
A. Steam plant analysis ‘
B. Binary plant analysis
C. Hybrid plant analysis
IV. Property Values for Working Fluids {)
A. Steam properties
B. Water/brine properties
C. Binary working fluid properties
V. Discussion and Conclusions . ()
VI. References {as compiled)



Chapter 3.3

ELECTRIC POWER PLANTS AND STEAM CYCLES

American CoAuthor: Richard G. Campbell
The Ben Holt Co.
201 South Lake Avenue
Pasadena, CA 91101

Soviet CoAuthor: Victor A. Vasiliev
Energy iInstitute

Moscow USSR
Chapter Outline
(9 Oct 90)

. Introduction
A. Objectives ( on topics 1-5 below?)
1. Brief history (™ ?7)

Tel: 213+68L-2541
Fax: 818+584-9210

Tix: 67-5331
Tel: tbd
Fax: tbd
Telex: tbhd
Suggested
Responsible
Co-Author
{RGC ?)

2. Types of power plants (part of History ?)
generic description of power plants
detailed description of steam cycles

3. Summary of past experiences (%% 27)
L. Current status of development (%% 272)
5. Future expectations and needs (%%%% 27)

B. History (* ?7?)
1. Early power plants
dry steam resources

(e.g., Larderello, The Geysers)

other
2. Development of alternate cycles

flashed steam; binary; total flow;

geopressured; other
3. Definitions

thermodynamics; resources; other

il. Summary of Past Experience (% 22)
A. USA
1. Dry steam
detailed description of cycle

(process flow diagram; variations on cycle)

dry steam power plants

(The Geysers, HGPA (Hl), other)

2. Flashed steam

detailed description of common cycles
(process flow diagram; variations on cycle)

flashed steam .power plants
(CA, NV, UT, other)

3. General description of alternate cycles

binary; geopressured; other
B. USSR
C. World

(VAV 7)



(11, Current Status of Development
A. USA
1. Dry steam cycles
2. Flashed steam cycles

3. other
B. USS
C. World

V. Future Expectations and Research
A. Dry steam cycles
1. Handling corrosive steam
2. Adapting power plants to
3. other
B. Flashed steam cycles
1. Adapting power plants to
conditions .
2. Handling low temperature
3. Total flow cycles
4. other
V. Discussion and Conclusions
VI. References :

Ch-3.3 (2)

Needs

declining resource pressure

wide range of resource

resources

(as compiled)



Chapter 3.4 '
BINARY CONVERSION CYCLES

American CoAuthor: Kenneth E. Nichols Tel: 303 +42] - Sy
Barber-Nichols Engr. Co. Fax: 203 * -
6325 W. 55th Avenue
Arvada, CO 80002 Tix:
Soviet CoAuthor: Victor A. Vasiliev Tel: tbhd
Energy Institute Fax: tbd
tbd .
Moscow USSR Telex: tbd,
Chapter Outline ' ) Suggested
(8 Oct 90) " Responsible
Co-Author
. Introduction
A. Scope to be covered and Objectives of chapter (KEN)
B. Brief history of topic ‘(KEN)
C. Basic Definitions ' (VAV)
D. General Discussion (VAV)
I1. Summary of Experience
A. USA (KEN)
B. USSR (VAV}
C. World (VAVY
I11. Current Status and Development '
A. USA B {KEN)
B. USSR (VAV)
C. World . { KEN)
IV. Future Expectations { KEN)
Research Needs (VAV)
V. Conclusions ' (KN+VV)

Vi. References (as - Compiled)



Chapter 3.5
ADVANCED CONVERSION CYCLES

American CoAuthor: Carl J. Bleim Tel: 208+526-9895
. EGEG idaho Fax: 208+526-0969
P.0. Box 1625 Tix:
Ildaho Falls, 1D 83415
Soviet CoAuthor: Anatoly V. Shurchkov Tel: tbhd
Inst. Engr. HeatPhysics Fax: thd
Telex: tbd
USSR
Chapter Qutline Suggested
(30 Oct 90} Responsibie
Co-Author
I. Introduction {CJB ?)

A. Review of State-of-the-Art
B. Logical efficiency (Second taw) limits
. Steam Systems (Direct and Flashed)
A. Effective handling of noncondensables
1. Reboiler cycles
2. Other strategies
B. Other advanced systems
1. Combined steam and binary systems
2. Other innovative systems '
11}, Binary Systems
A. Rankine cycle modifications
Working fiuid selection
. Countercurrent integral phase changes
3. "Expansion through the vapor dome"
L. Kalina System 12
5. Other modifications
t
1

N -

her innovative systems

. Original Kalina cycle
2. Combined heat engine/heat pump systems
3. Other systems

IV. Discussion of Applicability and Conclusions

B. O

V. References (as’

compiled)



Chapter 3.6
BASIC DIRECT HEAT TECHNOLOGY

American CoAuthor: Gene Culver Tel: 503+885-1516
Geoheat Center Fax: 503+4885-1115
Oregon Inst. of Technology Tix
Klamath Falls, OR 97601 '

Soviet CoAuthor: Nikolei V. Ogorodov Tel: tbhd
. AVlunion Inst. CFEP Fax: tbd
Telex:
USSR elex: tbd
Chapter-Qutline Suggested
{9 Jct 90) Responsible
Co-Author
!'. Introduction . {GC

A. Objective .
information on equipment and materials of
construction to extract low-to-moderate
temperature geothermal fluids from wells;
transport and distribution of fluids and energy
to point of use, and controls required
brief discussion of corrosion and scaling affecting
pumps, piping, heat exchangers, valves,
) control systems
overall design philosophy with brief discussion
of terminal equipment
B. Brief history

in USA (GC)
in USSR {(NVO)
C. Basic definitions (GC+NQO)
D. General characteristics {GC)
‘I1. Summary of Past Experience ’

A. USA (GC)
1. Design philosophy .
2. Corrosion/Scaling

- water chemistry and problem species
past problems
solutions to problems
3. Pumps
well pumps (line-shaft turbine, submersible)
surface pumps
variable-speed drives
L. Piping
metallic
(steel, ductile iron, copper)
non-metallic
(high & low density polyethylene, polybutylene,
reinforced fiberglass, asbestos cement,
PVC and CPVC)
insulation
{pre- and post-insulated)
instaltation



Vi.

5. Heat Exchangers
tube and shell
plate and frame

(description, materials, heat transfer coeff.)
brazed plate

(description, materials, potential problems)
downhole heat exchangers

(description, advantages, disadvantages,

design)

6. Absorption Cooling
7. Controls and Valves
basic control schemes
valves
(types, materials)
B. USSR (similar sectioni ( NVO)
Current Status of Development
A. USA (GC)
B. USSR (NVO)
C. World - (GC+NVO)
Future Expectations and Research Needs .
A. USA {GC)
B. USSR (NVO)

Discussion and Conclusions
A. Comparison of USA and USSR equipment, methods,
materials, and design
B. Discussion of advantages and disadvantages of these
relative to each country
C. Discussion on differences in design and equipment
utilization philosophies
References (as compiled)

Ch-3.6 {2)



Chapter 3.7
MUNICIPAL HEAT SUPPLY SYSTEMS

American CoAuthor: Kevin Rafferty Tel: 503+885-1516
Geoheat Center Fax: 503+885-1115
Oregon Inst. of Technology Tiy -
Klamath Falls, OR 97601 .

Soviet CoAuthor: Gaidar M. Gaidarov Tel: tbd
Allunion R ‘and ‘D Inst.Geoth Fax: tbd
Telex: thd.
USSR
Chapter OQutline Suggested
{9 Oct 90) Responsible
Co-Author
. Introduction
A. Objective { GMG)
B. USA history (KR)
C. USSR history ( GMG)
D. Definitions ( KR+GMG)
Il. Summary of Past Experience
A. USA (KR)

1. Typical geothermal system design
open systems; closed systems; basic subsections
2. Production
resources used (wells); pumps; drives
3. Central plants
major components
{heat exchangers, pumps, controls, etc)
metering
L. Distribution
piping; temperature control; valves
5. Customer connections A
branch lines; metering; °T temperature control
6. Disposal
injection; surface
7. Economics
capital costs; operating costs; rates
B. USSR (similar section) (GMG)

i{1l. Current Status of Development )
A. USA (KR)
Extent of GHD development
locations; system descriptions

B. USSR (GMG)
IV. Future Prospects and Research Needs
A. USA ‘ (KR)

1. Regulations
2. Government support
3. Computation of fuel costs
L. Environmental issues
5. Research needs
B. USS (GMG)
V. References: A ) {as compiled)



Chapter 3.8
INDUSTRIAL HEAT AND MINERAL EXTRACTION

American CoAuthor: Dennis T. Trexler Tel: 702+78L-6151
Div. of Earth Sciences Fax: 702+784-1300
University of Nevada, LV Tix:
Reno, NV 89503
" Soviet CoAuthor: Foat G. Sharafutdinov Tel: tbd
Allunion R&D Inst. Geothermy Fax: tbd
Telex: tbhd
USSR
Chapter Outline ' Suggested
(9 Oct 90) Responsible
Co-Author
l. Introduction . (DTT ?)

A. Objectives

1. Comprehensive listing of historic, current, and
future applications of geothermal resources
(heat, fluid, dissolved solids). ’

2. Analysis of resource characteristics, economic,
logistic, and application-related factors affecting
pattern of direct use of geothermal energy, )
past and future

B. Historical perspective

1. Where and how industrial applications began

2. Ties to industrial societies and nations

3. Examples of prehistoric examples
{e.g., fowl scalding, pitch removal, sulfur

collection, bread baking, vegetable dye
preparation)

4. Definitions

industrial application

process heat

mineral processing
{extraction, leaching, etc)

5. Resource characteristics

temperature (e.g., Lindal diagram)

chemical composition (TDS, Ph, dissolved species)
depth to resource

well field productivity

well field configuration (areal extent)

6. Application characteristics
distance to markets (sales, trades)
distance to population centers (labor, management)
timeframe of production
appropriate alternatives

) energy conversion technology (hardware)
11. Previous Applications

A. USA (DDT ?7)
1. Grain drying - South Dakota
2. Ethanol production - Nevada, Idaho
-3. Mineral processing - Texas

B. USSR (FGS 7

C. Worldwide
1. Borate salts to glaze ceramics



11, Current Status of Development
A. USA
1. Dehydration - onion drying plant, Nevada
2. Refrigeration - mushroom growing, Oregon
3. Mineral processing - cyanide leaching of
precious metals, Nevada
L. Laundry - Wyoming, Nevada
5. Highway deicing - Oregon
B. USS
C. Worldwide
1. Process heat in manufacturing
textiles - China; dyeing - China
tanning leather - China, Turkey
glue - China, Turkey; pulp and paper - New Zealand
wood veneer - New Zealand; rubber - Turkey
2. Dehydration

seaweed - lceland; diatomaceous earth - lceland
timber drying - New Zealand; alfalfa - New Zealand
agricultural products - Kenya, Hungary, Yugoslavia
3. Mineral processing and extraction

chemicals - China; salt production - lIceland, Japan
borates - ltaly; boric acid - ltaly

sulfuric acid - Japan; elemental sulfur - Japan

{here ?7) rare earth extraction - USSR

V. Potential Applications and Research Needs
A. Assessment techniques: economic models
B. Economic triggers, energy shortages,
development incentives .
C. Future raw material requirements (minerals, water]
D. Energy cascading from existing geothermal power
plant discharge
V. Discussion and Conclusions
VI. References (as compiled)
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Chapter 3.9'
AGRICULTURAL AND AQUACULTURAL HEAT SUPPLY

American CoAuthor: Rudi Schoenmackers Tel: 505+6L6-2639
Southwest Tech. Dev. Inst. Fax: 505+646-2960
New Mexico State University Tlx:
Las Cruces, NM 88003

Soviet CoAuthor: Ivan M. Dvorov Tel: 230-84-04
Sci.Counc.Geoth.Invest. AS Fax: tbhd
Staromonetny pr. d.35 rm 414 Telex: tbd
Moscow, 109017 USSR

Chapter Qutline Suggested

(9 Oct 90) Responsible

Co-Author

. Introduction {RS ?)

A. Topics:
greenhouses, aquaculture, other
B. Why greenhouses and aquaculture systems are favorable
applications for geothermal energy
C. Definition of low-enthalpy resources
-D. Applicable temperature ranges
I1. Greenhouses
A. History of geothermal greenhouse heating
B. Technical design considerations
1. greenhouses
construction and materials
temperature and humidity controls
space utilization efficiency
irrigation water conditioning
2. geothermal heating systems
heat loss principles
air and soil heating systems
energy conservation features
3. economic considerations '
capital and operating costs
I1i. Summary of Past Experience
A. USA (RS ?)
1. History of USA geothermal greenhouse projects
2. Growth trends of industry (if available)
3. Successful projects
L., Project failures with reasons for failure
B. USSR (IMD ?7)
1. History of USA geothermal greenhouse projects
2. Growth trends of industry (if available)
3. Successful projects
L, Project failures with reasons for failure

C. World



V.

Current Status of Geothermal Greenhouse Development

A. USA
1.

B.

C.

U

2
3
L
5
6
7
8
S
1.
2.
3
L
5
6
7
8
9.
Wo

Size of geothermal greenhouse industry
Annual geothermal energy utilized

Number and types of business, locations
Typical crops and products

Typical geothermal resource parameters
Discussion of selected greenhouse businesses

Research and development programs
Government incentives

Size of geothermal greenhouse industry
Annual geothermal energy utilized
Number and types of business, locations
Typical crops and products

Locations

Typical geothermal resource parameters
Discussion of selected greenhouses
Research and development programs
Government incentives

rid

same topics as above for other countries
e.g., Japan, China, Europe, New Zealand

V. Aquaculture
A. History of geothermal aquaculture productlon
Technical design considerations

B.

1.

2.

3.

Aquaculture systems
intensive and extensive systems
culture species
water quality requirements
Geothermal heating systems
heat loss principles
direct and indirect systems
cascaded systems
energy and water conservation features
temperature controls
Summary of past experience
USA
history of USA geothermal aquaculture projects
growth trends of industry (if available)
successful projects
project failures with reasons for failure
USSR
history of USA geothermal aquaculture projects
growth trends of industry (if available)
successful projects
project failures with reasons for failure
World

Ch-3.9 (2)



VI. Current Status of Geothermal Aquaculture Development
A. USA B
Size of geothermal aquaculture industry
Annual geothermal energy utilized
Number and types of businesses
Cultured species and production
Locations
Typical geothermal resource parameters
Discussion of selected aquaculture installations
Research and development programs

Size of geothermal aquaculture industry

Annual geothermal energy utilized

Number and types of aquaculture installations

Cultured species and production

Locations

Typical geothermal resource parameters

Discussion of selected aquaculture installations

. Research and development programs

C. World :

same topics as above for other countries
e.g., Japan, China, Europe, New Zealand

o
o
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x

VIl. Other Agricultural Applications
‘ Short discussion of USA, USSR, and worldwide projects
VIilIl. Future Expectations and Research Needs

A. !ndustry growth projections
B. Industry trends
C. Factors affecting growth
economics
{fuel/operating cost; capital cost of geothermal
heat; government incentives)
environmental .
D. Research needs
IX. Discussion and Conclusions
Summary .
X. References , (as compiled)
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Chapter 3.10
THERMAL WATER BALNEQLOGY

American CoAuthor: John W. Lund Tel: 503+885-1516
Geoheat Center Fax: 503+885-1115§
Oregon Inst. of Technology Tl
Klamath Falls, OR 97601 *
Soviet CoAuthor: A. lvanov Tel: tbd
fFax: tbd
Moscow USSR Te\f’x' thol
Chapter Outline Suggested
{9 O0ct 90) Responsible
Co-Author
i. Overall Objectives of Chapter
A. Medical developments (ALl)
B. Engineering equipment and methods of using
geothermal fluids (JWL)
C. Brief history related fo early use by Romans,
Ottomans, Central Europeans, Japanese, etc (Al +JWL)
D. Basic definitions (Al+JWL)
1. Summary of Past Experience )
A. USA {JWL)
B. USSR (AL)
C. World f{e.g., Japan, Czechoslovakia, others) (JWL)
I'l1. Current Status of Development
A. USA, including engineering (JWL)
B. USSR (A1)
C. World (AT+JWL)
V. Future Expectations and Research Needs
A. Medical aspects {A)
B. Engineering aspects (JWL)
V. Discussion (JWL+ALT)
A. Contrast of difference in balneology and
health spa operations and use between
USA (relaxation) and
Europe (medical healing]
B. Trends in both areas
Vi. References (as compiled)



Chapter 3.11
ENVIRONMENTAL ASPECTS OF GEOTHERMAL POWER ENGINEERING

American CoAuthor: Dwight L. Carey Tel: 714+529-3695
Envir. Management Assoc. Fax: 714+529-8543
405 South State College Blvd Tlx:
’ Brea, CA 92621
Soviet CoAuthor: Boris l|vanov Tel: tbd
Leningrad Mining Institute Fax: tbd
21st Liniya No.2 Telex: thd
Leningrad 199026 USSR
Chapter Outline : Suggested
(9 Oct 90) ° Responsible
: Co-Author
. Introduction (DLC 7))
A. Objectives
1. ftdentify and characterize the environmental

impacts associated with geothermal exploration
and development activities
2. Discuss methods currently used for mitigating
unavoidable environmental impacts
3. ldentify new or unforseen potential impacts
from long-term development of geothermal
resources
L. Forecast future environmental issues associated
with geothermal energy exploration and development
B. Historical Perspective of the Environmental Aspects of
Geothermal Resource Development
1. Environmental impacts of early geothermal
exploration and development operations
2. Evolution of regulatory restrictions and control
3. Public involvement in resource development
L. Mitigated geothermal energy projects
C. Basic Definitions
1. Significant legislation applicable to the
Environmental aspects of geothermal development
National Environmental Policy Act
Clean Air and Clean Water Acts
National Historic Preservation Act
Endangered Species Act
Geothermal Steam Act
State and local legislation
2. Environmental review and impact assessment process
Air quality impacts
Water quality/hydrologic resource impacts
Geologic impacts
Cultural and biologic impacts
Socioeconomic impacts '



Il. Environmental Impacts from Historic Geothermal Energy
Development
A. USA
1. Environmental conflicts in sensitive areas
Geysers experience; Sierras; Hawaili
2. Environmental considerations in other areas
Imperial Valley; Coso Hot Springs; Nevada
B. USSR
C. World
(e.g., New Zealand; lIceland; Japan; Philippines)
It1. Environmental Aspects of Current Geothermal Development
A. USA .
1. Stricter pollution control requirements
2. Health and safety issues
3. Competing uses of resources
L, Aesthetic impacts {noise; visual; odors; etc)
5. Cumulative impact considerations

o (B

B. Hydrothermal convection systems (B1)
C. World .
1V. Future Environmental Issues and Research Needs

A. Air pollution abatement requirements
B. Water resource availability and alternate
cooling systems
C. Project closure and post-closure requirements
D. Competing uses of resources
E. Cumulative impact restrictions
V. Discussion and Conclusions :
ViI. References (as compiled)

Ch-3.11 (2)



Terman Engineering Cent
STANFORD 'UNIVER'SITY Stanford, California 943054030
Department of Civil Engineering Telex 348402 STANFRD STNU
Fax 415-725-8662

Soviet-American Monograph on Geothermal Energy

To: Patrick Muffler, Hugh Murphy, John Lund
" All American Co-Authors

Subject: News Memo No. 2
Date: 18 October 1990

This is the second general news memo on the status of the
Soviet-American Monograph on Geothermal Energy, Task Project 4 of
the Stanford University - Leningrad Mining Institute Geothermal
Agreement. Prof. Yuri D. Dyadkin, Co-Editor of the Monograph,
visited Sstanford from 13 Sept to 11 Oct 1990 and much progress
was achieved on getting the Preparation of the Monograph
underway. Because of a difficult itinerary, meetings were held
individually with each of the US volume Co-Editors and consensus
became a cumulative process. Pat Muffler was first (before
leaving for an extended trip), but - the final decisions reflect

. much of his thinking.

In view of the lengthy (and sometimes erratic) times for
exchange of correspondence through the Soviet (and American)
postal services, it was deemed desirable for Dr. Dyadkin to hand
carry as many of the initial drafts of the Suggested Chapter
Outlines with him on return to Leningrad. Each of the US
responsible Co-Authors has been contacted by the Volume Editors
and the oOutlines have been arriving by Fax in good order. Dr.
Dyadkin left with 18 of the 26 Chapter Outlines and 4 more have
been sent on. The remaining 4 will be forwarded as soon as they
are received.

several other activities under the SU-LMI Agreement bear on
Task 4. One key one is the schedule of meetings to complete the
Monograph. The first may be a series of formal .invitations to
the US Volume Co-Editors for a meeting in Leningrad, each invited
by the respective Soviet Co-Editor's institution. If this works
out, it will be the first opportunity to resolve the difficult
problems of correspondence, translations, publication procedures,
etc, that require having completed first drafts of all of the
chapters. The Co-Editors have set April, 1991 as a necessary
date for completion of the First Draft of the 26 Chapters of the
Monograph. The philosophy is to allow each pair of responsible
Co-Authors to work out the technical details of the Chapter by
themselves. The general feeling is to have a sort of "Annual
Reviews" type of chapter with extensive coverage of the US,
Soviet, and world literature, and without attempting to make an
exhaustive treatise of geothermal energy. Thus, editing will not
really start until the Co-Authors have had a chance to work
things out individually and written the first draft.



The second major date is the Spring of 1992 when the newly
formed soviet Geothermal Association hopes to hold its First
International sSymposium, planned for the Crimea region near the
Black Sea. An initial flyer on the SGA (enclosed) was prepared
by Dr. Dyadkin during his visit. The hopes are to hold a Co-
Authors' Get-Together at this meeting to finalize any still-
existing problems. More on this later. The current schedule is
as follows:

Nov 90 Initial contact from Soviet Co-Authors in response
to Suggested Chapter Outlines

Apr 91 First Draft of Chapters due to Volume Editors

Jun 91 Editors meeting to resolve issues and plan
publication

Jul 91 Comments back to Co-Authors

Jan 92 Final Drafts to Volume Editors

Mar 92 Completion of Equivalent Translations

Apr 92 Editors/Authors meeting to complete Manuscripts

Aug 92 Manuscripts to Publishers

"To speed up the efficient initiation of the Preparation of
the chapters, I plan to prepare a uniform set of the Chapter
Outlines of the Monograph and forward these to the Soviet Editors
as they are revised. Thus, the preparation of Outlines to ensure
uniform coverage will be an ongoing process at least until the
end of this year. I am enclosing copies of the first two
Outlines in this format as random examples. Please continue to
develop the Outlines until (and After) you hear from your Soviet
Co-Author. Please send me (and Volume Editor) copies of your
revised Outlines and I will forward them to LMI and distribute
copies to all of our Co-Authors, so that everyone will be
familiar with the Scope of the Monograph. I will distribute a
third News Memo with the set of Outlines.

Best Wishes,
Paul Kruger



Chapter 1.1
NATURE OF GEOTHERMAL ENERGY

American CoAuthor: Wendell A. Duffield Tel: 602+527-7205

U.S. Geological Survey Fax: 602+527-7169
2255 North Gemini Drive
Flagstaff, AZ 86001

Soviet CoAuthor: Anatoly A. Smislov Tel: tbd

Leningrad Mining Institute Fax: tbhd
21st Liniya No.2
Leningrad 199026 USSR

Chapter Outline Suggested

Responsible

(1a Sep to) Co-Author

Definition of geothermal energy (WAD ?)

A. Sources of geothermal energy
B. Distribution and movement of geothermal
energy within the Earth
Geothermal energy in the upper crust
A. Amount of geothermal energy within the
upper few kilometers
B. Background geothermal flux across the
Earth's surface
C. Regional geothermal regimes
Types of geothermal anomalies in the upper crust
Magma bodies
Hydrothermal convection systems
Hot dry rock
Interrelations among magma, hydrothermal
convection, and hot dry rock
Geothermal energy and the environment
A. Types of environmental impacts associated
with geothermal developments
B. Means of mitigating environmental impacts
C. Comparisons with environmental impacts associated
with hydrocarbons and other fossil fuels
Speculations on the role of geothermal energy during
the 21st Century

OO ®>



Chapter 2.10
POTENTIAL FOR MAGMATIC HEAT EXTRACTION

American CoAuthor: James C. Dunn Tel: 505+8L44-4715
Sandia National Laboratory Fax: 505+844-3952
P.0.Box 5800 Div. 6252
Albuquerque, NM 87185

Soviet CoAuthor: Victor M. Sugrobov Tel: tbd
Institute of Vulcanology Fax: tbd
Academy of Sciences USSR
Petropaviovsk, Kamchatka

Chapter Qutline Suggested
( s Ot a0 Responsible
Co-Author
I. Introduction
A. Overall objective of chapter (JD+VS)
B. Magma genesis and crustal intrusion (VMS)
C. Worldwide potential of magma energy (JCD)
Il. Summary of Past Experiences
A. The U.S. DOE Magma Energy Program {(JCD)
B. Magma definition and research in the USSR (VMS)

C. Worldwide measurements and estimates of crustal
magma characteristics including location and

vo lume (VMS).
1. Current Status of Development
A. U.S. progress in the areas of: (JCD)

source location and definition
magma/materials compatibility
energy extraction

hazards
B. USSR characterization and development status (VMS)
C. Worldwide characterization and development
status . (JCD)
IV. Future Expectations and Research Needs
A. The need for deep drilling (JD+VS)
B. Future plans within the USA (JCD)
C. Future plans within the USSR (VMS)
D. Emerging programs in other countries (Japan) (JCD)
V. Discussion and Conclusions (JD+VS)

VI. References (as compiled)



Net  chapter 1.4

. RATION GEOSCIENCES

M. Wright Tel: 801+4524-3439
tah Res. Inst. Fax: 801+524-3453
peta Way Ste.C
ke City, UT 84108

f kcwu 6Re r |. Kononov Tel: tbhd
XL a AS . tbd

cal Institute Fax:

Avisoy to @ USSR

g N L‘M‘ [4 ‘apter Qutline Suggested
. ](2‘ Sefcb§ Responsible

i Co-Author

T (PMW 7))

rreroauceruniT T
A. Objective of Chapter
To review application of geological, geochemical,
and, geophysical techniques to regional
exploration for geothermal resources
B. History of geothermal exploratio
Brief summary of early development, techniques used,
philosophy
C. Summary
Summary of exploration methods and exploration
strategies
1. Review of Regional Exploration Techniques
A. Classification of techniques and comparison of
techniques used to those used for mining and
petroleum exploration
B. Geological techniques of geologic mapping; study of
drill samples; age dating; structural studies;
geologic interpretation
C. Geochemical techniques of chemistry of thermal fluids;
major,minor, and trace elements in rocks; hydrothermal
alteration; isotope studies; fluid inclusions
D. Geophysical techniques of thermal, electrical, gravity,
magnetic, seismic, and seismological methods, and
remote sensing .
l11. Regional Exploration Strategies
A. Summary of application of geosciences, exploration
strategies
B. Regional area selection with characteristics of
geothermal environments (arid, wet, crystalline-rock,
volcanic-rock, sedimentary-rock
C. Regional exploration, exploration process, regional
exploration strategies
IV. Exploration Case Studies {also for USSR ?7)
A. Geothermal provinces in the USA; summary of regional
exploration in the USA
B. Exploration of the Basin and Range, western USA
C. Exploration of the Imperial Valley, southwest USA
V. Future Expectations and Research Needs
A. Future of geothermal exploration in the USA (PMW?)
B. (same for USSR ?) (VIK?)
C. Research needed to improve exploration techniques
Vi. Discussion and Conclusions
VII. References ' (as compiled)



SOVIET GEOTHERMAL ASSOCIATION (USSR SGA)

B The Soviet Geothermal Association is an independent
engineering society, acting as a part of the International
Geothermal Association (IGA).

B SGA is an association of USSR and foreign Institutions,
independent groups, and individuals, who are interesting in
. research on all aspects of GEOTHERMICS, development of
GEOTHERMAL TECHNOLOGY, improving its ECONOMIC and ENVIRONMENTAL
efficiency, expanding the realm of geothermal RESOURCES, spheres
and scope of their APPLICATION in the USSR and DISTRIBUTION of
Soviet advanced experience to other Countries;

8 SGA primary OBJECTIVES are:

+ to improve INTERACTION, mutual CONTACTS and to joint FORCES of
all geothermal Institutions, Groups and Individuals by
EXPANDING exchanges of INFORMATION about their GEOTHERMAL
ACTIVITIES; }

+ to SUPPORT actual geothermal PROJECTS ;

+ to FOUND joint VENTURES for EXPERIMENTAL and COMMERCIAL
geothermal PROJECTS;

+ to DEVELOP RECOMMENDATIONS on geothermal energy in INDUSTRIAL,
AGRICULTURAL, or any other commercial APPLICATIONS.

@ SGA MEMBERS can be research, education, and design
Institutes, industrial, agricultural, business, commercial and
non-commercial corporations, enterprises, companies,
cooperatives, societies, theirs divisions and separate groups and
individual scientists, experts, engineers, students and other
individuals both from the USSR or foreigners;

B SGA MEMBERSHIP gives You:
a free copy of the SGA quarterly GEOTHERMAL BULLETIN
a free copy of the SGA annual GEOTHERMAL TRANSACTIONS;
free participation in SGA annual CONFERENCE or SYMPOSIUM;
free short SGA REVIEWS on any geothermal problem and SGA
LISTS on references or patents on any required specific
topic from the SGA GEOTHERMAL COMPUTER BANK OF INFORMATION;
sopportunity to ANNOUNCE, PUBLISH, and DISTRIBUTE among
geothermal people Your SCIENTIFIC and COMMERCIAL information
by printing this materials in SGA publications;

8 SGA Membership CHARGES

+ for FOUNDERS 15,000 Rubles

+ for Co-FOUNDERS 5,000

+ for INSTITUTIONAL members 2,000 Annually

« for CORPORATION members 500 Annually

« for INDIVIDUALS : 5 Annually
+ Students 1 Annually

+ Foreign members $10 Annually



8 The BYLAWS of SGA were confirmed at the FOUNDING MEETING
on 24 February 1990 in LENINGRAD, USSR.

B SGA RESIDENCE is in Research Laboratory of Mining
Thermophysics (PNIL GTPh) of the Leningrad Mining Institute (LMI)
MAILING ADDRESS: LMI-PNIL GTPh-SGA
v 2, 21st Linia
LENINGRAD, 199026 USSR
LMI TELEX: 121 494 LGIP SU
SGA Tel: 355-0113, 355-0112, 218-8652

1 The President of SGA is Prof. Yuri D. Dyadkin,
Head of Ore Mining and Mining Thermophysics Dept.
Leningrad Mining Institute, Leningrad.
Supervisor of PNIL GTPh LMI.

B SGA CO-CHAIRMEN:

Prof. Emil I. Boguslavsky
Leningrad Mining Inst., Leningrad

Prof. Haindrik S. vartanyan
All-Union Inst. of Hydrogeology and Engineering
Geology, Moscow -

Dr. Gaidar M. Gaidarov
All-Union Research and Design Inst. on Geothermics,
Makhachkala

Dr. Vladimir A. Khityev '
State Research and Design Inst. GIPRONIKEL, Leningrad

Foreign SGA Co-CHAIRMAN:
Prof. Paul Kruger
Stanford University, Stanford

IGA-SGA Coordinator:
Prof. Guram I. Buatchidze
"Sector Hydrogeology, A.S. of GSSR, Tbilisi

US Academy of Sciences Coordinator:
Prof. Vvladimir I. Kononov
US-AS Council on Geotliermics, MoOSCOwW

Ukraine Ac. Sci. Coordinator:
Academician Anatoli A. Dolinsky
Inst. Tech. Thermophysics, Kiev

SGA Secretaries;
Dr. Albert G. Vasiliev - PNIL GTPh LMI, Leningrad
Dr. Anna B. Vainblat -. PNIL GTPh LMI, Leningrad

B On 1 Sept 1990, membership in the SGA included 4 Founders,
7 Co~Founders, and 10 Institutional members from Leningrad,
Moscow, Kiev, Tbilisi, Makhachkala, Yaroslavl, Tirniaus, Vilnus,
Simpheropol, and Lyvov.

B8 SGA is now open for Membership.
You, Your Group, Your Institute are welcome to join the
Soviet Geothermal Association !
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Chaptervl.g?‘

EXPLORATION GEOSCIENCES

American CoAuthor: Phillip M. Wright . Tel: 8014524-3439

Univ. Utah Res. Inst. . Fax: 801+52L4-3453
391 Chipeta Way Ste.C Tix: e
y Salt Lake City, UT 84108 -
Soviet CoAuthor: Vliadimir |. Kononov ‘Tel: -thd
: Geological Institute AS - Fax: tbd
Moscow .. USSR Telex: thd.
Chapter Outline . Suggested
( 21 Seg‘b) Responsible
' Co-Author
r;%ii — |. Introduction  w————. , (PMW ?)
1% A. ObJectlve of Chapter A1 A3
* To review application of geological, geochemical,

N " -ahd, Yeophysical techniques to regxonal
exploration for geothermal resources

B. History of geothermal exploration
Brief summary of early development, techniques used,

philosophy
C. Summary
Summary of exploration methods and exploration
.. strategies
..yhﬁz. Review of Regional Exploratlon Techniques
5«5M1”gh‘ _ A. Classification of techniques and-ecomparison-of
Lechn¢ques~used~tpfihose~used»for#mlnung=and
- petroleum-exploratkon ;
l’;ucd .. {B. Geological techniques of geologic mapping; study of
e ~>  drill samples; age dating; “structural studies;

geologic interpretation.
Geochemncal techniques of chemustrx of thermal fluids;

‘\

y'“”““”“ ~  Tmajeriminor,-and—trace elements Tn rocks; hydrothermal
alteration; isotope studies; fluid inclusions
( &‘ E . Geophysical technlques of thermal, electrical,. gravity,
Zubiw’ _— magnetic, seismic, and selsmologlcal methods, and

remote sensing

A I%%. Regional Exploration Strategies

/ A. Summary of application of geosciences, exploratlon
strategies

B. Regional area selection with characteristics of
geothermal environments (arid, wet, crystalline- rock,
volcanic-rock, sedimentary-rock

C. Regional explorat|on, exploration process, regional
exploration strategies

Exploration Case Studies (also for USSR ?)

A. Geothermal provinces in the USA; summary of regtonal
exploration in the USA

B. Exploration of the Basin and Range, western USA

C. Exploration of the Imperial Valley, southwest USA

Future Expectations and Research Needs

A. Future of geothermal exploration in the USA

B. (same for USSR ?)

C. Research needed to improve exploration techniques

Discussion and Conclusions

\i// Vil. Referenges . N

(PMW?)
(VIK?)

(as ;ompiled)ﬁ,




r TELEFAX COVER SHEET

TO: Phillip M. Wright From: Patrick Muffler
, UUR‘I) & U.S. Geological Survey
Salt Lake City, UT Menlo Park, CA
Fax: 8-588-3453 Fax: FTS 459--5110

Tel: FTS 459--5239

14 September 1990, 15:49 PDT
Number of pages including this one: 2

I met today with Yuri Dyadkin (just arrived from the Soviet Union) and Paul Kruger .
concerning the joint Soviet-American Monograph on Geothermal Energy. Dyadkin brought a list
of the counterpart Soviet authors. For Volume 1 they are:

1.1 Nature of Geothermal Energy
USSR: A.A. Smislov (Leningrad Mining Institute, Academy of Sclences)
USA:  Wendell A. Duffield (USGS)

1.2 Heat Flow Distribution and Geothermal Anomalies
USSR: Ya. B. Smimov (Geological Institute, Academy of Sciences)
A. Smislov (Leningrad Mining Insttute, Academy of Sciences)
USA: David D. Blackwell (SMU)

1.3 Resource Base and Resource by Type ‘
USSR: A.A. Shpak (All-Union Research Institute of Hydrogeology and Engineering
Geology)
A. Yainblat (Leningrad Mining Institute)
USA: L.J. Patrick Muffler (USGS)

1.4 Exploration Geosciences (Geology, Geophysics, Geochemistry)
USSR: V. Kononov (Geological Institute, Academy of Sciences)
S. Kasparov (Institute of Geothermal Problems, Makhachkala)
V. Baibakov (Institute of Geology and Geochemistry of Mineral Fuels, Lvov)
USA:  Phillip M. Wright (UURI)

1.5 Prospect Evaluation
USSR: E. Boguslavski (1.eningrad Mining Institute)
USA: Norman E. Goldstein (LBL)

As first step in establishing communication and cooperation between rf:l;()ective co-authors,
Paul, Yuri, and I are asking you to crank out a rough outline of what you think should be in your
chapter, basing it in general upon the generic outline suggested by Paul in his 30 March 1990
memorandum to all American authors, but modifying the generic outline as required by your
particular topic. Please make a guess as to the overall length (in double-spaced typewritten pages)
and the length of major component sections. Dyadkin will take these outlines with him when he
retumns to Moscow on 11 October 1990 and distribute them 1o the respective co-authors and 1o V.
Kononov (my counterpart editor for volume 1. If we do it this way rather than by mail, we save as
much as two months time. Mail to and from the USSR is incredibly slow.

Since I shall be in the field at least until 01 October, please fax your outline and page
estimates directly to Kruger at (415) 725-8662.



During the next few weeks, Kruger and Dyadkin will be making plans for completion of the
monograph, including a schedule of meetings and major milestones. During this time, Kruger will
determine the address of your co-author and will supply 1t to you.

Aftera lé):g Period of non-communication on this monograph, I suspect this request sounds
a little abrupt out of the blue". Please understand that Dyadkin arrived only yesterday (after a
week's delay owing to frustrating encounters with US bureaucracy In his attempts to get the
required visa), I leave for the field on Monday 17 September, and we really want to take full
advantage of Yuri's presence here and the opportunity to short-cut the constipated US/Soviet mail
communication. Thanks very much for your quick response to Kruger.



GEOTH“ERMICS

INTERNATIONAL JOURNAL OF GEOTHERM&L RESEARCH AND ITS APP!.ICATIONS

EDITOR: DR ENRICO BARBIER - ' ASSOCIATE EDITOR FOR THE AMERICAS:
MANAGING EDITOR: MARY H DICKSON DR L J PATRICK MUFFLER
cfo CNR - Ineériiational Insdeute for '+ clo US Geologieal Survey

Geothermal Reseaech Mall Seop 210

2, Piszza: Solferino 348 Middicheld Raad ,

56126 PISA, Italy _ MENLO PARK, CA 94025, Usa

phone ITALY « 50 + 46069 phone USA + 415+ 329 5239

telex 502020 IRGCNR 1 velex 740 $542.1GPM UC
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TELEFAX COVER SHEET

TG:  Phillip M. Wn‘ght, From: Patrick Muffler
UURI : U.S. Geological Survey
Salt Lake City, U Menlo Park, CA
Fax: 8- 588—3453 - Fax; FTS 459--5110

Tel: FTS 459--5239

13 September 1990, 15:24 PDT
Number of pages including this one: -1

T have just received from Pisa.a manuscript by R. Balia, M. Ciminale, M. Loddo;
D. Patella, G, Pecorini, and A. Tramacere entitled “A new geophy sical contribution to the-study of
the Campidano geothermal area (Sardiria, fraly). It deals with geology, gravity, dipole-dipole
resistivity, and magnetics - right up your alley! ‘Would you be willin g o arrange for a review of
this manuscript? It-also has been sent 1o Axel Bjdtisson.

If you can arrange for the reviéw, please call my secretary, Mary Ann Mikus, at FTS 459-
5226 and she-will send the mariscript and the.review sheet to you.

I leave for the field Monday nionring atid will be gone until at least 01 Qctober.

Fubilsheia by PERGANON FRESS 'ﬁ / Oxtord - New York.. Paria - Balling + Frankfurt - Tororits - Sydnay ~ Seq Paulo - Tokya

o wmeaeio o Alisae . Uaxsinatan Wil Hail Befard MM ABW Enoland | Ealfvlew Park. Eimsford. New York 108258 USA
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Department of Energy

memorandum

DATE:

REPLY TO
ATTN OF:

SUBJEC;f :

September 7, 1990 (REVISION to August 2, 1990 memo)

CE-20

JRIP iEPOR!: US-USSR Energy Bilateral Fact Finding Visit to USSR
July 14-26, 1990

J. Michael Davis, CE-1

B. Reid Detchon, CE-2

Deputy Assistant Secretaries

Gary Moore, CE-70

Purpose

The subject trip was made as a follow-up to a USSR delegation visit to
DOE in January 1990, at which time a number of proposals were offered
for U.S.-USSR collaboration on non-nuclear energy technology. The
purpose of the trip was fact finding relative to USSR interests and
capabilities. There was no expectation that the trip would result in a
signed agreement for collaboration, but only a better defined direction
for future discussions.

U.S. Delegation

The U.S. participants who represented DOE were from, IE, FE, CE, and EI.
In addition, there were representatives from the Commerce and State
Departments, as well as two professional interpreters. (See attached
list)

SSR_Hosts

A11 arrangements for the visit were made by the USSR Bureau of Fuels and
Energy Complex; but there were many other participants including members
of the various subordinate Ministries, representative of regional,
political, and power authorities, members of the Academy of Science, and
representatives of numerous Institutes (associated with both the
Ministries and with the Academy).

Agenda

A very busy meeting and travel agenda had been prepared for us, with no
flexibility for the first seven days. Following delegation and plenary
meetings with the Soviets in Moscow on July 15 and 16, the delegation

divided into two groups - Group I traveling to Novasibersk and Kiev and

Group II traveling to Urengoi, and Yamburg. (I lead Group I) The Group 1



2

travels included visits to the Institutes at Akademgorodok, to a coke
production facility in Zerinsk, to power plants in Novosibersk and Kiev
and to the Paton Institute in Kiev. Group I and Group II -- these
groups reunited in Moscow on July 20 for more meetings with Institutes
with the Ministry of Electrification, and with the Academy of Science.
Summary meetings were held on July 23 with Mssrs. Ryaboff and Margolov,
our hosts. July 24 and 25 were available for follow-up meetings. During
that time, I was able to meet with the Ministry of Metallurgy, with the
Krzhizhanovsky Institute, and with Mr. Vasiliev on matters of specific
interests. These were productive meetings. An attempt to reach the
Ministr¥ ?f Electrotechnical Industry on lighting technology was not
successful.

Assessment of Soviet Technology i

]

Good scientific work is being done at the various Institutes which were
visited. Some are clearly stronger than others. 1 was most impressed
with the Paton Institute and the Institute for High Temperature. 1 had
the impression that the experimental equipment and instrumentation are in
some cases out of date. I saw no real "zingers" with respect to new
technology. I saw a few things that may deserve further examination -
catalysis at low temperature involving no platinum group metals -
advanced heat pumps for industrial application - a two axis solar
concentrator with stirling engine converter operating at 16% overall.
Competition between institutes and between individuals is very strong and
perhaps disruptive. Many of the examples of accomplishments were
obviously quite old and may have been presented only out of respect to
the stature of their proponents.

Doing Business In the USSR

American companies who want to take part in a growing Soviet economy must
find a way to get their money out. Barter agreements have been the
answer in many cases. Pepsi for Vodka is a well known example of a
successful barter agreement but others are developing. We spoke to the
manager of a Polaroid Joint venture, which plans to generate sufficient
hard currency through the sale of camera components into the west to
satisfy its obligation to the parent company.

Opportunities For Collaboration

There is recognition in the USSR of the need to improve energy
efficiency to meet growing demand and to stabilize emissions. The
time is here to upgrade industry and power geperating facilities
with the best available technology to meet the protected need.
This could be a big opportunity for U.S. firms willing to do
business in the USSR.



CNG fueled vehicles are being introduced in urban areas. Two
thousands are now in place. This number is expected to reach 1.5
million vehicles within several years. This could be an
opportunity for data exchange.

The USSR has a very large geothermal resource. They recognize a
need for improved prospecting means, and would like to collaborate
with a U.S company or University to do geothermal mapping.

They talked of converting existing gas turbines to "ISTIG’s"
(intercooled steam injected gas turbines) to increase gas fired
capacity. U.S. manufactures could play a role in this area.

They are nearing operation on a small solar thermal generator - 2
axis concentrators with receiver at 600°C, stirling engine
conversion at 16%.

They claim catalytic reactions at low temperature with no platinum
group materials - research work continues at the Institute of High
- Temps and at Akademgorodok.

Data was provided on an industrial heat pump system under
development at the Institute of High Temperature.

Information was collected from several sources on advanced
metallurgical coke-making. Several precesses are under development
which may be of interest to the U.S. ferrous metals industry.

. A modular housing unit was presented by the Soviets at a recent
RETSIE conference. Some interest was expressed by U.S.
participants at that meeting. The Soviets would like to find a
U.S. partner to manufacture and promote this product.

. Other possible joint ventures were suggested which would involve
manufacturing and distribution in the USSR. They are:

Advanced lamp products

Small boilers for replacement (300,000 needed)
Heat pumps for district heating

Insulated pipe for district heating

neral Conditions

The Soviet people were very open, friendly, and helpful with all members
of our delegation. They are interested in Americans and in our way of
1ife. Many Soviets live in poor conditions and now seem hopeful that
things will improve. Only the very elite enjoy the luxuries that are
commonly available to average U.S. citizens.



ecord of Meetings

On July 24, 1990, the U.S. delegation leader, Mr. Thad Grundy, met with
the Soviet delegation leader, Mr. Grant Margulov, at which time the
record of the meeting was approved and signed. A copy of that record is
attached.

Chronicle of Events

A draft chronicle of events is attached.

0

Deputy Assistant Secretary
for Industrial Technologies

Attachment

cc: Gene De La Torre, IE-12
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VISIT TO USSR ON NON-NUCLEAR ENERGY POLICY AND ENERGY

TECHNOLOGY PROGRAM
OFFICIAL BUSINESS

THAD GRUNDY, JR.
DEPUTY ASSISTANT
SECRETARY FOR
INTERNATIONAL AFFAIRS

(1E)
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OFFICE FOR INTERNATIONAL
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SECRETARY FOR THE VISIT,
DOE/IE )
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DIRECTOR, ENERGY
ASSESSMENTS DIVISION

D.0.B.
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1/31/38

4/15/49
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800273012 3/93
800161509 1/92
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DIRECTOR OF EXTRACTION, |
METC

ALAN STREB 3/12/32

DEPUTY ASSISTANT SECRETARY
OFFICE FOR CONSERVATION
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LOUIS DEMOUY 3/8/40
CHIEF, INTERNATIONAL
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DIRECTOR, OFFICE OF
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CATHLEEN CAMPBELL 8/21/54 900091018
USSR PROGRAM OFFICER,

OFFICE OF COOPERATIVE

SCIENCE AND TECHNOLOGY

PROGRAMS

FROM THE DEPT. OF COMMERCE,
- A REPRESENTATIVE TO BE DETERMINED; AND
INTERPRETERS (2) YET TO BE DETERMINED,

FOR A TOTAL DELEGATION OF 16 MEMBERS.

3/95



Chronicle of Evepts

A chronicle of events related to the DOE fact finding mission to the
Soviet Union, hosted by the Soviet Bureau for Fuels and Energy Complex
and which occurred between July 14, 1990 and July 26, 1990 follows. The
U.S. delegation consisted of representatives from DOE, IE, EIA, FE, and
CE, from the State Department and from Commerce (see Delegation List).
Fact finding was the primary purpose to the mission. An agreement for
collaboration on non-nuclear energy issues is a potential outcome of this
and future discussions.

The events described below are only those in which I was a participant
and which may have some relevance to CE interests. " Most of the meetings
included many Soviet participants. Those which I have listed are only
those who were most prominent in the relevant discussions.

scow, July 15 - Arrival and Deleqgation Planning Meetin

Bureau of Fuels & Energy Complex

6. D. Margulov, First Deputy Chairman USSR Council of Ministers,
Bureau on Fuel and Fnergy Complex (Head of the
Delegation)

Makarov, Aleksey, Director, Institute of Energy Research of the
USSR_Academy of Sciences

V. M. Vasilev, Deputy Head of the Department USSR Council of
Ministers, Bureau on Fuel and Energy Complex

Guliaev, Yuriv, Academician, USSR Academy of Sciences
Harahashyan, Felix 6., Sector Manager, State Gas Concern

Alekseev, A.M., Head of Office, Astrofizika Scientific & Industrial
Amalgamalian

reau of Fuels & Ene Complex, July 16

Margulov initiated discussions by introducing the Soviet
participants and outlining the agenda for the ten day period
to follow. Mr. Grundy, DOE/IE, responded and agreed to the
proposed program.

Makarov discussed the Soviet energy strategy and projection
of long term energy needs based on several economic growth
scenarios. He believes that it will take a "whole
generation” for the Soviet states to achieve current western
European living standards and substantial growth fn energy
demand. Energy conservation must be the "main thrust" of the
energy program plan. Conservation measures will need to be
introduced at a rate of 1.5 to 3 times faster than current
practice. This will require adoption of best available world



technology. Adoption of conservation must go beyond that
which is economically justified. The industrial sector is
seen as the area of greatest potential for energy savings.
Makarov also mentioned the Moscow energy club and connected
the club with the overall Soviet energy planned. He also
noted that several Americans are participants including
Sokolow, Schipper and Chandler.

Vasilev spoke mostly of energy savings and ecological
benefits. Energy use has grown steadily - 3%/year, but
period of cheap energy is over. It is now time to include
energy efficiency in overall plan. A decrease of 33% or more
is possible through conservation. Structural changes are
also needed to sustain economic growth. Improved efficiency
is possible through better management and new technologies.
Soviets must plan to abandon obsolete technology by 2000.
Strict standards of performance are being developed and will
be required. Energy savings can yield 60x10° tonnes/year.
Soviets have identified 60-80 technologies which are ready
now for adoption (e.g. electric drives, automation, metering,
controls, etc.) - but manufacturing is insufficient and
better recognition is needed by end users. "Gasification of
villages" (conversion to gas fueling) will improve efficiency
by substituting gas for solid fuels. More combined heat and
power systems will contribute. He proposes many more CNG
powered vehicles - 2000 in place today with objective of 1.5
million cars. CNG also seen as marine fuel. He also
proposes ecologically pure power - non traditional, nuclear,
cheap hydrogen production(?)

Margulov mentioned the formation of a "non-governmental
international organization on energy efficiency and fuel
substitution.” (Is this the Moscow Energy Club?) Membership
consists of 34 Soviet ministries - many foreign countries,
some U.S. companies. :

Guliaev spoke of beneficial "Bioelectromagnetic Effects"”
resulting from very short wave radiation - millimeters. Had
no information in response to questions on 50 hertz
transmission line effects on human health or behavior.

Harahashyan stated that an "enterprise” has been developed to
assess the national geothermal resource base. Geothermal :

currently used for non power lications (43% district
heawmmmnm_mmu"") Eirst

large power station currently planned for Kemchatéa (100Mwe) .
Need improved prospecting means to impruve efficiency of

measurement, though claim that e fairly complete
geothermal resource map. Would like to make resource logging
the subject of a future bilateral, Comme n

vaTuable byproduct components from water streams and
difficuTties encountered with pumps, valves, etc.




Alekseev A.M. presented an array of solar collector devices
built by various Institutes. These included simple, low
temperature, flat plate heaters and a variety of
concentrating systems parabolic troughs and dishes with
concentration up to “several thousand.” He described the
dish units ranging from one to 15 meters in diameter for
multipurpose application including power generation to 20 Kw.
The Soviet preference is for 2-axis parabolic concentrators,
which are fitted with Brayton, Stirling, ORC, and Thermionic
(more likely thermoelectric) conversion systems. Everything
to date is experimental. They are nearing completion of a
500 watt Stirling Cycle (helium) system designed to operate
at 5-600°C with conversion efficiency of 16%. Trials will
begin this fall. He also mentioned the construction of two 5
meter units with thermal storage which will begin testing
this year in the Crimea. They also have a program involving
two fluid circuits (like LUZ?) but better because of dual
axis orientation.

Novasibersk, Siberia, July 17
Mamon, Gennedy - Deputy Minister Regional Executive Comm.

Nakoriakov, Vliadimer - Academician, Vice Chief, Siberian Department

of Soviet Academy of Science
Pirector, Institute of Thermophysics

Kariamov, Anotoly - Vice Chief, Novasibersk Executive Committee

d

Mamon spoke broadly of conservation as a key opportunity.
Acknowledge ecology as a major problem in the USSR. Seem to
have no comprehensive plan but are beginning to think of
options. Expressed doubt that basic building envelope design
could be altered very much or easily. Allowed that window
glazing panels might be improved. Temperatures fall to as
low as -65°F. Double and triple glass in common place. (My
room had four glass panels - very unusual I'm sure for it is
Gorbachev’s room when he's here.) District heating is
widespread. Distribution pipes are above ground on elevated
supports and poorly (if at all) insulated. Spoke openly
about need for greater autonomy - ability to make decisions
and execute plans at a regional level.

orodok, Siberi

Serant, Felix, Chief Engineer, Siberian Ministry of Epergy

Nakoriagkov explained that there are 35 institutes at
Akademgorodok dealing with a wide range of disciplines.
Employ 35,000 people and includes 100 members of the academy.
They offer a large body of science to assist industry. Feel
hampered by weak status of a non-defense industry.
experimental equipment is described as nothing but "junk" at



this point. The Institute of Catalysis is concerned with
combustion science and exhaust gas treatment. The Institute
of Mechanics is doing work on hydrogen as an energy source.
Also working on advanced steam engines and thermodynamics of
heat engines.

- Institute of Catalysis

Working in surface chemistry in support of chemical industry
and environmental problems developing improved combustion
efficiency for poor fuels - specifically wet biomass. Also
developing techniques to convert solar energy to chemical
industry. Achieved 42% conversion to synthesis gas. Are
working on high temperature fuel cells and thermal storage at
Tow temperatures. Working with Catalytica - a U.S. company.

Serant, Felix - Chief Engineer, Siberian Ministry of Energy

Commented on problem of introducing technology into
industry - institute work is too basic. He is working with
institutes and power stations to overcome problem of
introduction.

- Institute of Thermal Physics

Working in combustion, heat exchangers and steam generators.
Have frequent contact with Alistrom. Also working on
"secondary" energy systems - heat pumps in 300-500 Kw range.
Investigating substitutes foe Freon 11 and 12 (Freon 12 was
only example cited) .

Zerinsk, Siberia - July 18
Nitiaev - Victor V., Director, Altai Coke Chemical Plant

A day to remember. Ten hours of driving over poorly
developed roads at high speeds to see a modern, but
conventional coke production plant. The plant consisted of
five large coke oven batteries. It did have two or three dry
quenching facilities. More than 1/2 the production was dry
quenched process. Briquette coke making had been considered
but according to Mitiaev was abandoned because it was
considered to be economically marginal. (I don’t know how to
read this since they seem to have little concept of overall

economics)
Kiev, Ukraine 1y 19 . v
Gritsenko, Anatoly V, First Deputy Power and Electrification of
Ukr SSR

Lobamob, Leonid M, Deputy Director, Paton Welding Institute
Jonkal, Vladimir, E., Director Institute of Energy Saving Problems



Lobamob, Leonid M, Deputy Director, Paton Welding Institute

Jonkal, Vladimir, E., Director Institute of Energy Saving Problems
Academy of Sciences of the Ukraine

Moveham, Boris, A., Head of Department Paton Welding Institute

Kolsnikov, Sergot, V., General Director, Energotechnologija and
Informatika

Gladush, Victor D., Deputy Prime Minister of Ukraine

1’ Atskevich, Stanislov, V., Deputy Head, Advanced Production and
Ecology Department Ministry of Power & Electrification

Trypillyn Power Plant, July 19
Krasnochton, Nicoly, Director, Trypillin Power Plant

olesnikov, Sergei, Director, Power nt Operations Traini
Center

Krasnochton provided tour of major fossil fuel power station
Trypillyn. This is a 2000 megawatt plant on the Dniepar
river. Appears to be a reasonably modern well operated
facility with an availability of about 78%. Questions
concerning improvement in end use efficiency were answered
vaguely. As with other contact with the Soviet, most energy
people seen to have little concept of conservation or the
potential for savings.

Kolesnikov, Sergei, manages center which trains operators for
entire country. Produces 100 operators/year and retraining
for many more. Provided a tour of the training facilities
with included several full size power plant operating station
simulators. A plea was made for U.S. assistance to complete
one of the facilities. Apparently, more powerful computing
facilities are required to properly simulate the system.

Paton Institute, July 19

anov, leonid, Depuyty Director ton Institute

Lapanov, Deputy Director of highly recognized center for
welding technology. Described numerous innovations including
liquid and vapor depositing of controlled hi-alloy materials
on low-alloy base for use in engines and other applications.
Elaborate casting processes were described for the production
of gas cooled turbine blades.

A highly professional and interesting film history of the
origin and accomplishments of the Institute was shown.



The Institute maintains close contact with many U.S. firms.
Several U.S. firms hold license to Paton patents. J. Ray
McDermott Company was mentioned over and over for some
reason.

Noscow, July 20

Schenlin, Director Emeritus, Institute of High Temperature

V. M. Batenin, USSR Academy of Science Associate Member
Director of an Institute

Batenin spoke broadly of the objectives of this strong
institute -basic and applied research in the area of power
engineering plus an experimental complex serving range of
related needs. Budget comes from three sources - from the
Academy for basic work, from State Committee for Science and
Technology and from Industry (e.g. development of gas heaters
with regeneration for gas dynamic lasers). He then
summarized specific activity including - properties of
materials, interaction of materials with high flux energy,
composite materials, heat transfer at high flux, gas dynamics
at high velocity and superconductivity Batenin then described
current work in new energy technologies - MHD, coal
gasification, efficient combustion, emission control and
catalytic techniques involving no platinum or paladium and
which are active at low temperature. The latter could be
applicable to chemical processes.

Papers were provided on the work in catalysis as well as
several topics of potential mutual interest (e.g. industrial
heat pumps).

Moscow, July 21
Ninistry for Power & Electrification

Korsun, Juri N., First Deputy Minister of Energy and
Electrification

pPiakov, Anotoli F., Deputy Minister of Energy and Electrification
Korobof, Leonid, Deputy Minister of Energy and Electrification

Olkhovsky, Gurgen 6., Director, All-Union Heat Engineering
Institute

Pavidov, lLeonid, Dir General, YNPO-ENER-BOTEH-PROM

. Kurson lead off w{fh an overview of Ministry generating 1722
trillion KW-hrs employing 2,000,000 people and 900 people in
the Ministry itself.




Diakov explained that he was concerned with generation and
distribution of power. Also concerned with distribution of
by product heat. System has capacity of 350 gigawatts 70% of
which is thermal. Many units are obsolete and require
updating. Ministry is also concerned with efficiency
improvement at the demand side. State inspection office
audits energy use to achieve high efficiency. Standards of

- acceptability or corrective measures were not made clear.
Efficiency is considered to be very low because of fuel and
energy cost. Laws are being drafted which will adjust
prices. Price adjustment to be made to reflect environment
impact. The Ministry is charter to date has only been supply
- now being expanded to include demand.

Replacement or new capacity will be provided in part by the
defense establishment major emphasis will be placed on
improved environmental acceptability. Unconventional sources
of power (solar, wind, geothermal and small hydro) are also
being studied. As capacity is added the use of natural gas
will rise to a goal of 52%. New technologies will be wused
for used for both coal and gas to lower emissions.

Olkhovsky all Union Heat Engineer%ng Institute spoke of close
relationship with EPA, Combustion Engineering, EPPI etc.
Brochure provided on work of institute.

Davidoff recently participated in RETSIE meeting. Presented
a prepackaged unit residence built of environmentally
acceptable materials and designed for extreme environment
Secretary Watkins examined unit and suggested a Joint venture
to build units on Mexican border for homeless and migrant
workers. San Diego Gas and Electric also expressed interest.
Joint meeting planned for August in San Diego.

Krzhizhanovski Institute, July 21

Gabrilov, Nicoly, Deputy Director, Krzhizhanovski Institute
Patapov, 01 Head of Low Grade Fue r rtment

Deals with a wide range of power engineering technologies.
Activities focused on combustion, combustion modeling, combustion
of low grade fuel and emission controls. Doing studies of the
relative economic of various fossil fuels and processing of shale
0il, coal cleaning and ash removal.

This Institute is also the center for USSR wqrk in solar thermal
technologies. Are studying several configurations which combine
photovoltaics and solar thermal claimed to have recent contact with
Sandia and Howard Coleman on this subject. A publication was
provided which describes some of their work.



Moscow, July 23
Bureau of Fuels & Energy, July 23

6. D. Marqulov, First Deputy Chairman USSR Council of Ministers,
reau of Fuel and Ene Complex (Head of the

delegation) .

. Margulov the purpose of this meeting was to summarize our
findings to date and to present a preliminary draft of a the
- meeting record. Each of the members of the delegation made a
brief presentation of their findings. Grundy summarized the
meeting record. Margulov proposed a 5-7 day workshop to deal
with all aspects of conservation. I suggested an alternative
approach which would piggy back on relevant meetings which
have already been planned (e.g. lighting and glazing) where
many of our specialists already plan to attend. Margulov was
not very keen on this idea. I recommend that we move very
quickly to show that this concept can work because a general
conservation workshop dedicated to US-USSR collaboration
would be very inefficient and costly in my opinion. Fossil
proposes to go forward with a workshop of limited scope.

Soviet Academy of Science, July 23, 1990

Rudenko, Yuri cademician, Soviet Acad of Science

Rudenko explained that there are 17 departments within the
Academy of Science - one of which is dedicated to the
physical problems of energy. Each department has several
institutes. The energy department has six institutes - four
were emphasized - High Temperature Science, Chemical Physics,
Energy Research (jointly supported by Academy and Ministries)
and Atomic Energy. The Academy has been an aggressive
supporter of international cooperation. With regard to the
U.S. this primarily takes the form of joint efforts between
the Soviet and U.S. academies of Science. Conservation has
been the major topic for the last five years. Some of the
major themes in this area include identification of promising
energy efficient technologies, electric motors and
generators, new steam generator types and advanced energy
conversion. Other topics include: global problems of energy
development and environment and nuclear plant safety.

Rudenko mentioned the Moscow Energy Club and their recent
meeting in Paris which dealt with some of these issues. The
Club has recently begun publishing a magazine to promote
collaboration. v

The activities of the Institute of Chemical Physics were
broadly summarized. Activities of relevance to Conservation
and Renewables include research on alternative refrigerants,
instrumentation for monitoring performance and exchange
arrangements with ORNL, EPRI, GRI and LBL.



The Energy Research Institute is engaging in strategic
planning for the energy complex. With regard to
conservation, the Institute seeks to establish data base and
establish priorities for introduction of measures. They are
also doing economic modeling to study effects of price. Have
collaborative arrangements with EPRI and do a joint
publication with Battelle.

In response to questions, Rudenko attempted to describe the
relationship of institutes under the Academy versus those
under the Ministries. The Academy is responsible for basic
science while the Ministries are responsible for application
of science. Yet another organization, the State Coordinating
Body for Scientific Development serves to unite the work of
the various institutes to achieve certain national goals.

The Kremlin
Counsel of Ministers of USSR, July 23

Ryabov, Lev D., Deputy Chairman

Ryabov stated that the Bureau has broad responsibilities.

The Soviet situation offers good opportunity for many U.S.
companies. Energy savings potential is very large in the
USSR and much needs to be done. He stated that our main task
is to "rationalize" the use of energy for the economy and for
the environment. In response to the U.S. Ambassador’s
statement relative to need for private sector credit and
profit, he proposed joint venture as a solution to problem
and specifically mentioned Polaroid as a model. Mr. Ryaboff
emphasized the urgent need in the USSR of housing, more and
better consumer goods and again mentioned the cooperation
with the U.S. as an answer to these needs.

He spoke openly of Chernobyl, describing it as a tragedy but
also an opportunity to learn from ones mistakes to begin
building for a future which could include a nuclear option.

Krzhizhanovsky Institute, July 24

ov, Viadmir A. irector ctor ofessor _and Head of

boratory at Institute
Yoronkov, Mark E., Head of Energy Conservation at Jpstitute
Koltun, Mark M., Head of Photovoltaic Laboratory at [nstitute

Yasilev, V.M., Deputy Head Council of Ministries, Bureay of
Fuel & Energy

Popov presented information on a pulse combustion applied
ceramic coating for use on wear surfaces and other surfaces
subject to erosion and abuse. Provided copy (in Russian) of



descriptive material. Process developed originally in U.S.
He has refined process. ‘

Yoronkov mentioned work in thermal storage for solar thermal
systems and direct contact heat exchangers. No details
provided.

Koltun has worked in solar thermal for many years and
published extensively. Presented a proposal for a hybrid
solar photovoltaic a thermal energy system response desired.
Also requested data on current cost and availability of small
photovoltaic systems.

Vasilev said that the Bureau for Fuels & Energy Complex faces
three problems - forecasting, economics and implementation.
In USSR conservation was in the past based on supply
restrictions - this system is no longer operative and new
mechanisms must be developed by end of this year. The
potential for energy savings is between 800-1200 x 10° tons
of coal equivalent per year. Need good diagnostic service to
assess the full potential. Scientific establishment is
prepared to develop the technology. Production of required
equipment is the problem. Industry suffers from inertia and
Tack of automation. Modern prediction capability is required
in following areas - engines for power generation,
transportation equipment, consumer goods, housing,
agriculture, and electronics. Estimated cost of this
infrastructure is 5-6 x 10° rub.

With regard to advanced lamp products, the technology itself
is not seen as a problem. Large scale production facilities
have been planned, but will cost 2.5 x 10° rub.

Large losses currently exist in transmission lines because of
reactive power losses. Equipment is needed to compensate for
reactive losses. Apparently the Soviets lack the production
capacity to produce the required reactive compensators.

There are about 300,000 small boilers in the USSR. Most of
them are old and inefficient and should be replaced. They
currently contribute significantly to energy inefficiency and
ecological problems.

He also referred to “dry-furnaces" (I think this means
"dryers") which typically are not recuperated and have poor
insulation and burners. These represent a significant
opportunity for energy savings through retrofit.

Yorvarsky of the All-Union Scientific Research and Design
Institute (VNIPIENERGOPROM) is dedicated to energy supply
and conservation in industry. Examples of several successful
project given including very large heat pumps to supply
district heating requirements from a low grade source
(Caspian Sea).



He is looking for joint venture partners for heat pump
system. For this purpose he has been assigned a
manufacturing space of 15,000 M>. Over ten years a need for
5,000 megawatts of heat pump capacity. There is also an
urgent need for insulated distribution pipe for district
heating. Varvorsky is also looking for a joint venture
partner to produce such pipe. Partner should have access to
. and experience with PolylsoCyurinete insulation or other
appropriate insulation system. Pipe size up to 140 cm
diameter. Manufacturing space is available in several
locations. ~

Ministry of Ferrous Metallurgy, July 25

Braun, Nikolai V., Department Chief of Coke Chemical Industry
Ministry of Iron & Steel

Vacalogen, Mechael 4

Braun had been contacted early regarding our visit, and
recommended that we first visit the Moscow facility and then
Kharkov. He told me that we wasted our time going to Zerinsk
-1 didn’t need to be reminded.

He commented first on the need for dry quenching. After
1998, no wet quenching will be permitted in Germany.
Therefore, the Germans are moving quickly to install dry
quenching. They are also working with the Soviets on
alternative processes.

Braun first described a continuous process involving hot
charging, tamping and dry quenching. The first large facility
employing this technique will go into operation next year in
Kommunersk.

He described a large pilot briquetting plant which is nearly
complete in Niopropovinsk, Ukraine Plant, is designed for
500,000 tons/year, is 130M tall, completely automated and
uses a wide range of coals including very poor grades.
Soviets have stopped work because of funding shortage.
Soviets presented paper on this system at meeting in Essen.
Braun promised us a copy.

A second technique was briefly described as a single complex
involving preheating tamping and dry quenching in a
completely attached through process. This will be presented
in U.K. at coke chemistry conference on September 27.

A third process is under early stage of development at small
scale in Moscow laboratory. Described as a "rotary ring" in
which coal is introduced at one point, baked and removed as
coke at another point. A large unit incorporating this
principle is currently being built at Kutaisi Zestofoni (?)
Georgia.



The Germans are developing a large modular unit which meet
all current objectives. No one has details.

Braun mentioned another alternative dry quenching process
which they have developed. It involves the commingling of
the discharged coke with the incoming charge - the sensible
heat of the discharge dries and devolitizes the charge
through direct contact. The coke and the coal are then
separated - he refused to tell me how. The first pilot
project is operating outside Kharkov at Krivoj-Rog Ukraine.
The first production unit is planned for Zerinsk. The
Germans are interested in this technique - but is still up
for grabs.

The Soviets currently produced over 80 x 10° tons of coke annually.
U.S. production is down to 20 x 10° tons.



RECORD OF THE U.S.-U.S.S.R. MEETING

ON NON-NUCLEAR ENERGY

A U.S. fact-finding delegation visited the U;S.S.R.
Euly/;s-zs, 1990 to continue exploring potential bilateral
cooperation in the field of non-nuclear energy. The visit
reciprocated that made to the U.S. by a Soviet delegation in
January 1990. The July visit was hosted by the Bureau of
Fuels and Energy Complex (BFEC) of the U.S.S.R. Council of
Ministérs. The Soviet d:legation was led by Grant Margulov,
First Deputy Chairman of the Bureau of Fuels and Energy
Complex. The U.S. delegation was led by Thad Grundy Jr.,
Deputy Assistant Secretary for International Affairs, U.S.

Department of Energy. Members of the respective delegations
are listed in Annex 1.

PLENARY MEETING IN MOSCOW

The first plenary meeting was held July 16 in Moscow.
After welcoming re.. .nd introductions by the heads of
delegations, Mr. Margulov discussed the objectives and
agenda (Annex 2) of the visit. He noted that this is a
fact-finding visit, adding that the Soviet side was ready to
provide detailed information on non-nuclear energy
infrastructure, policy, and R&D aevelopments.

In his opening remarks, Mr. Grundy conveyed greetings

from DOE Deputy Secretary Henson Moore and Assistant



Secretaries John Easton, Robert Gentile, and Michael Davis.
He stressed that the U.S. is interested in fact-finding on
Soviet energy policy and objectives, the status of R&D for
specific energy technologies, and the potential for
developing a data and information exchange to support
bilateral cooperation. Mr. Grundy observed that detailed
discussions with the distinguished Soviet delegaiion should
ensure the accomplishment of these objectives and
potentially lead to recommendations to establish mutually
beneficial activities. He emphasized the U.S. desire to
explore Soviet goals and objectives for specific energy
sectors and to focus on possible opportunities for energy
R&D cooperation. He also emphasized the delegation's
interest in discussing potential opportunities for the U.S.

private sector to participate in Soviet energy developnment.

Mr. Margulov led the presentations on the Soviet energy
outlook and current policies. L... .. let delegation made a
series of presentations on key Soviet energy issues and
programs. They offered recommendations on possible
cooperative activities. In response, Mr. Grundy thanked the
Soviet delegation for its excellent presentations and
indicated that the U.S. side looked forward to the site
vieits and the opportunity to discuss the;e programs in

greater detail.



SITE VISITS

Following the opening plenary session in Moscow, the
U.S. delegation split into two groups. The first group
traveled to Novosibirsk and Kiev. 1In Novosibirsk they

" discussed energy R&D with USSR Academy of Sciences officials

in Akademgorodok. They also met with local Minenergo
officials to discuss power generation, coal slurry pipeline
development, light-weight stand-off insulators developed at
Minenergo, district heating, and the energy data system
supporting regional power generation and transmission. 1In
Kiev the group met with officials from the Ukrainian
Ministry of Power and Electrification and the Ukrainian

Academy of Sciences' Paton Institute of Electric Welding.

.The second group traveled to Noviy brengoy; Yamburg, and
Tyumen to visit natural gas and oil resource deveiopment
areas. They met with Gazprom, production aésociations,
and local officials to discuss regional energy policy: gas
exploration and development; transportation issues; oil and

gas recovery problems; and oppertunities for U.s. firms.

From July 20-24 the U.S. delegation met with various

Soviet energy organizations to discuss specialized topics
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that have potential for cooperation. These inclﬁde MHD
systems, gasification combined cycle systems, fluidized bed
’éystems, combustion, waste recovery, heat pump research,
enhanced oil recovery, horizontal drilling for gas, gas
hydrates, gas recovery technologies, and emission control
programs. Also discussed were replacement and rgtrofit’of
facilities with advanced technologies for combating
pollution and improving efficiency; R&D in renewable
programs (including solar, wind, biomass, and small hydro):
0il shale extraction and combustion; and USSR energy
information and data systems. Additional meetings were

scheduled for July 25 to continue these discussions.

FINAL PLENARY MEETING

On July 23 the delegations reconvened in Moscow to
review the results of the fact-finding visit and to discuss
next steps. The sides agreed that the objectives of the
fact-finding visit had been met. Both sides expressed
interest in further consultations between U.S. and Soviet
experts in the areas of energy policy and analysis, global
energy markets, development of energy resources, and
opportunities for U.S. companies in the Soviet Union. The
Department of Commerce and other relevant U.5. government

agencies would be involved in any such consultations. 1In



addition, the sides agreed to build on the progress made in
these talks in the areas of energy R&D; data and information
exchange; and facilitation of discussions between the U.S.
private sector and their Soviet counterparts. They also

agreed to expedite meetings of experts, as follows:

l. U.S. and Soviet experts will meet in the U.S. to
plan a joint workshop(s) on fossil energy systems to
further define specific areas of mutual interest for
possible cooperative activity. The workshop may
consider topics such as coal power systems, coal based
fuels, emission control systems and oil and gas
extraction. U.S. industry will be invited to
participate.

2. U.S. and Soviet experts will meet in the U.S. to
identify specific data and information that might be
sharea and to discuss technical issues associated with

the collection, review, and dissemination of energy

data.

On July 23, Mr. Grundy and members of the U.S.
éelegation, accorpanied by Ambassador Matlock, met with Mr.
lLev D. Ryabev, Deputy Chairman of the USSR Council of
Ministers. They discussed the progress made during the
fact-finding visit and the potential for joint actjvities.
They also noted with satisfaction the next steps for

cooperation on non-nuclear energy programs.
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Done in Moscow, U.S.S.R., on July 24, 1990, in
the English and Russian languages, both texts being
~equally authentic.

For the U.S. Department For the Bureau of Fuels

of Energy and Energy Complex of
the Council of Ministers
of the USSR

Thad Grundy Jr. Grant D. Margulov
Deputy Assistant Secretary ~ First Deputy Chairman

for International Affairs



Done in Moscow, U.S.S.R., on July 24, 1990, in

the English and Russian languages, both texts being

equally authentic.

For the U.S. Department

of Energy

Yo |

{7

Thad Grundy Jr.
Deputy Assistant Secretary

for International Affairs

For the Bureau of Fuels
and Energy Complex of
the Council of Ministers

of the USSR

BN L iairio==

Grant D. Margulov
First Deputy Chairman



AGENDA
of the negotiations with the delegation of the
USA Department of Energy on the problems of co-
operation in the field of fuel & energy

July 16 1990

9-00 - 9-30 Opening remarks R. D. Margulov,
Presentation of members of First Deputy
the delegations Chairman,

Bureau of the USSR
Council of Ministers
for Fuel and Energy

g-30 - 10-00 Discussion of the programme
of the visit

Reports & presentations, answers & guestions

10-00 - 11-00 The USSR Energy programme A. A. Makarov,
Corresponding Member
of 'the USSR Academy
of Sciences, Director
of Institute for energy
research of the USSR
Academy of Scienses
Break 10 min.

11-10 - 11-40 Actual researches in the field V.M Vasiliev,
of energy conservation in the Deputy Head of
USSR Office,
' Bureau of the USSR
Council of Ministers
for Fuel and Energy

11-40 - 12-00 Geothermal resources of thé F. G. Harahashyan,
USSR . State Corp. GAZPROM

p 70 o Vv ity




12-00 - 12-30
12-30 - 13-00
13-00 - 13-30
13-30 - 15-00
15-00 - 15-20

-2 -

Clean coal technologies

Plasmo-chemical membrane mo-
dules for processing of
hydrogen-sulpfur natural
gases

Creation of energy
information system

Lunch time

Bioelectromagnetic effect
on human beings

V. V. Nechaev,

Deputy Head of
Department for Science
and Technology,

The USSR Ministry for
Power & Electrification

V. D. Rusanov,
Corresponding Member
of the USSR Academy
of Sciences, Head of
Office, Institute of
atomic energy by the
name of Kurchatov

F. Ya. Morozov,

Director, Central Dis-
patching Department of
the United Power
System of the USSR

V. 1. Balanchevadze,
Director, Main Computer
Center,

The USSR Ministry for

Power & Electrification

Yu. V. Guliaev,
Academician,

The USSR Academy of
Sciences, Director,
Institute of Radio-
electronics



15-20 - 15-40
i5-4du- 16-00
16-00 - 16-20
16-20 - 16-40
16-40 - 17-00
Break 10 min.
17-10 - 17-40

17-40 - 18-30

_3-
Coal pulp pipeline

Gas hydrates

Reconstruction & 6onversion
of thermal power plants to
combine steam-gas cycle

Use of associated petro-
leum gas

S bt

Problems of petroleum & gas
recovery on the Northern
continental shelf with heavy
ice situation

Use of solar energy

Discussion

G. N. Delyagin, Dr.,
Deputy Head of Office,
GIDROTRUBOPROBOD
Scientific & Industrial
Amalgamat jon

Yu. F. Makogon, Dr.,
Head of Laboratory,
Institute of o0il and
gas problems,

The USSR Academy of

Sciences t>uo
V.N.Ochotin, WX

Chief Engineer,
TEPLOELEKTROPROEKT
Institute

S. M Toplov,
Head of Office,
The USSR Ministry for
oil & gas industry

(
0. 0. Sheremeta, —
Head of Office,
The USSR Ministry for
o0il & gas industrv

A.M Alekseev,

Head of Office,
ASTROFIZ1KA

Scientific & Industrial
Amalgamation



To whom 1t may concern.

Hereby I formally apply for a scientific asscciate or sci

post-doctoral position or a professcorial fellowship at Your
establishment.. I may hope that my qualificaticon will "satisfy Your
universally known high personnel standards. Enclosed is my
Curriculum Vitae. . : '

Sincerely Yours
‘.r (.'r .
.S. d/{ é}'/)/ y v
Sergei Alsxander Shapilro, Ph.D.
July 2.1990
Address for correspondence:
=tr. uraivoronovskaia. h.18, build.2 ap.83, Mn=c~w, USSR, 109518.

wl ATT-18-66 , 173-11-21.
Telefax: (7-095)-200-22-16, (7-095)-200-22-17,

for S.A.3hapiro, individual N 002493

o



CURRICULUM VITAE.

S.A. Shapiro. .
Current position:
~— Senicr =zscilentific-research workér in All Union Research Institu-
te of geocloglcal, geophysical, and geochemical informational systems

(VNIIGeoinformsystem) , Varshavskoe Shosse, 8, Moseow, 113105, USSR.

Personal data:

Name: Sergel A. Shapiro. Address:109518, Gralvorcnovscaia, 18-2-33,
Moscow, USSR. Place and date of birth: Kursk, USSR, 6 Juns 1960,
Nationality:Jew, Citizenship: USSR Wife: Inna Zhmodyak Son: Dmitriy
Shapiro

Research interests

Theory of waves propagation and scattering (in random, fractal,
fractured, composite and porous saturatsd media); Wave phenomsna co-
mputer modeling; Sslsmology (selsmic waves scattering, attenuation,
diffraction, seismicity, smission); Fractal and multifractal analy-
sis applications (faults and cracks systems. structures, rock surfa-
ce forms and fragmentation): Sslismic, V3P, and lcocgging datas proces-—
ing, cross-hele tomography. migration; Accustics (waves in bore ho-
: underwater and marine sediment acousties, non destructive tes-
medical ultrasonies): Gecphysics for civil engin=s=sring.
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Personal philosophy on the statistical model application in gsophy-

.

3

sics

The deterministic approach to direct and inverse problems of gso-
physics is highly developed and common today. The siructurss of gso—
logical objects (such .as faults, pores systems, karst, plutonic bo-
diez, hydrocarbon natural ruSchOir~. geosurfaces) and gsological
processes (such as earthquakes, emission, filtraticon) have a random
character. I'm interested in the kihd of statistical characteristics
they can have; in the kind of information on the objects one can get
from inverse statistical geophysical problem solving: and in the fe-
atures of geophysical fields (wave and potential) in the statistical
models (especially fractal like).

Education:

VNIIGeoinformsystem, USSR, 1987, Candidate Phys.-Math.Sci.

VNIIGeoinformsystem, USSR, 1986, Geophysics.

Moscow University, Geclogical Department, USSR: 1982, Diploma in

Geophysical methods of mineral ressarch and prospecting, Speciali-

zation in Seismology: 1980-Prediploma in Geology.

Moscow University,USSR:19380,Prediplomas in Physics, in Mathematicz.

Moscow Unilversity., Gecloglcal Department, USSR, 1980, Begin of siu-

dy in Geophysies. Moscow University, USSR, 1978: Begin of study in

Physics and 1977-Begin of atudy in Mathematics. Moscow Uni,craitj,

Geclogical Department, USSR, 1977 Begin of study in Geology.

School (public and high =chool) in Kursk, USSR, 1967-1977

Postgraduate professional sducation:

&/ 30 Courszes of programming on the "C"language. USA-USER
Joint Venture "Dialog" (Miczrosoft Corporation repre-
sentativs), Center on the base of Moscow Englineesring
Phyzlcal Instituts, Moscow.

4786 - 4/90 A1l Union Scheool for Young 3Secientistz  "Urgsnt
Probhiems of CGeophysiczs", Insitituite of the Earth
Phyzsics of Academy of Selencess of USSR, Su=zdal,
Zvenigorod, Rosiov, Persslavl Zalssski. :

t0/29 International Symposzila, Sesodesy Szizmology: De-
formations and progrnosis. Erevan, irmenia, U.8.3.2.

12/59 All Union Symposia "Non iraditional methods of the
geophysical research of inhomogensitisz in the
Earth's core.” Insiituts of Barith Phyzicz of Aca-
demy of Sciencesz of USSR, Zvsnigorod.

10/8a Bulgarian School for Young Scisntists "New geo-
logical and geophysical ftechnologiss.

5/85 All Union Gecacoustical Zymposia. ALL
arch Institute of Nuclear Geophysiss
miztry., Mozcow. .

6/33 A1l Union Acoustic Conference, Acoustie al Insti-
tute of Academy <f Sciesnces of USSR, Mozocow.

Profsssional: Experisnce:

since January 1989 Zenicr =zcilsniific-ressarch worksr at

VNIIGeoinformsystem, Moscow, USSR.
1987-1939 - Scientific-ressarch worker at VNIIGsoinformsystem



Moscow, USSR,

1986-1987 - Junior scientific-research worksr at VNIIUeGiLfﬁ“m"ys—
tem, Moscow, USSR.

1982-1986 -~ Engilineer and Junlor scisntific-ressarch worksr at All
Union Research Institute of Nueclear Geocphysics and Gzochemistry,
Moscow, USSR. :

Coursea taught:

5

at the Moscow University: EBElectro-,Gravitational-,Megneto-,Nuclear-—

Seismic~ msthods of prospedting; Physics of Barth; General Physzics;

Wechaniﬁc 0of continuum medium; Fileld thecry: Radlo-,Electro-ingene-
ring; Ma+h~matiﬂal analysis; Analytlical gecmetry: Linear algebra;

Complection function analysis; Theory of probabilility and mathemati-
cal statistics; Numerical methods; Differential egquations, Equati-

)

cns of mathematical physiecs: General-,Historical- and USSR Geology.

Teaching activities:

6/34 - 2/883 Cycles of the lecturss at the seminar of Young
Scizntists at the Geological Depariment of Mos-
cow University. Thems was "Scatisring and atts-
nuation of selsmic waves".

4/88 - Present Regular lsct at th eminars of VNIIGsoin-

formsystem, Moscow. Theme are "Fractal analysis
in gsophysics"; "Pulse evolution in anelastic
media”"; "Method of selsmic data inversion”.

;

5/89 , 11/39 Lecturses at the Intsrnaticnal Institutes of The-
ory of Earthguake Prognosis and Mathematical Ge-
crhysics Acad Zei US3R ai ths seminar of prof.A.
Levshin, the thems was "Seismic wave attenuation
in the weak and strong fiucituation ragion”, and
at thes seminar of prof. V.E.Pisarsncs, the theme
was "Wave scattsring by fractal fault systems’.

Advisor for graducte studsnta:

Svetlana Bidikhova, Gesological departmsnt of Mozcow niverzity.,

Theme iz "Clustsr analysis application to ths hols $o hoels zounding

data proceszing" (89-90).

Professional activitiss:

Membership: Physics Scociety of USSR; Languages: Russian -~ moither

unnvlu. English - good; Prench - poor. Computing expsrisnce:
Knowledge of Basic, Foriran, . Expsrisence of work with PC IBM and
PD“ compatible computers.

PUBLICATIONS <f S.A. SHAPIRO.

Liskhovitskiy, P.M. ,Popov,A.T. and Shapirc,3.4.,12522 ,Poessibilities
of refraction selsmic survsey application to the study of the
izep seated karst. In "Abstracts of ||| ALl union karst-sp=leo

al tobesr 1982." Yalta, pp.1i2.(in Rus-

2.8hapirc,85.4.,1982, The snginser =sismic refraction data computsr
interpretation {(on the cxzempls of the works in the Mosecow ri-
ver valley). Diploma's thesis. Moscow Univerzity, Geological
departmsnt, 70 pp. (in Russian).

3.Liakhcvitskiy,FP.M., Shapiro,.S.A. and Gurevich,B.Y.,1983, The new



algorithms of the machine processing of the engineer seil=mic
refraction data. In "Geophysical methods in the hydrogeoclogy

and enginecer geology." Vilnius, 28-29. (in Russian).

4.Liakhovitskiy ., F.M.and Shapire,.3.A.,1934,Interprstation of refrac-
tion data on the basis of automaied svaluation of fthe seismic
drift. Izvestiya Acad.Sci., USSR, Physiecs of the =0lid Barth,
(English editicn published november 1984 Ly Amsrican Gsophysi-
cal Union and Geologlecal Soclsty of Amsrica), 20: 269-276

5.Fayzullin, I.5. and Shapirc, S.4., 1985, Some propsrties of the
inclusion secattering amplitudss and cross ssctions in =zolid
media. Institute of nuclear gecphysies and gecchemistry, Mos-
cow, Deponsnt in VINITI 2.07.35, No 826-85, 9 pp {in Ruszsian).

Fayzullin, I.8. and Shapirc, S.A., 1985, The featurss of glastic

waves scatiering by low contrast inhomogenwitica. Inzstitute of
nuclear geophyszics and geochemistry, Moscow, Deponent in
VINITI 2.07.85, No 5712-85, 16 pp. (in Ruzsian)}.

7.Fayzullin. I.5. and Shapire, S.A.,1885, On ths possibility of ths
usz of the medium model with discrete inhomogeneiities for the
d”plananlun of the wave attenuation in rocks. Institute of nu-
clear geophysics and geochemistry, Mcoscow, Deponent in VINITI
2.07.85, No 700-B.8%, 3 pp. (in Russian). '

.-r Lﬂ

8.Lopatnikov,3.L., Fayzullin,I.3. and Shaplre,S5.4.,1985, Nonuniform
waves in space, dividsd by a thin fracturs fills ith a vi-

scous fluid. Izvestiya Acad.3eci. USSR, Physiecs of th@ solid
Barth, (Englizh editien published jznuary 1926 by American Ge-
ophysical Unicocn and Gesological Society of Americs),21: 425-429

9.Fayzullin, 2. and Shepiro, S.A.,1986, On the seismiec wave atte-
nuaticn dspendsnce from source-recelver distancs length in the
hole o hole sounding., Institute of nuclear gesophysicecs
and gecchemlstry, Mozcow, Deponsnt in VINITI, No 319028-R.85, 18
rp. (in Russzian).

10.Shapiro, S.A,,1986, Ths method's application teo the coal gzophy-
sics. 7 part in "The hole to hols sounding" of Karus, E.V.,
Kuznetsov, O.L., Payzullin, I.S., Moscow, chra. 124 - 139,
(in Russian).

11 .3hapiro,3.A.,1986,0n ths rock investigation by the =sizmo-accus-
tic methods, like media wilth slaztic powsr discrsie =cattersrs.
In "The devslopment <of tne mineral rsearch and prospecting ge-
ophy=sical methods.", VNIIgeophysica. Mcocscow, pp.65 (in Ruzsian)

12. bmlrnJv.L V., Misina,L,G, and Shapirc, S.A., 1988, Tubs wave ai-
ternivation in the cased and cpen holsa., Inzftitute of nuclsar
gzophysics and geochemistry, Moscow, Deponent in VYINITI, MNo
2199-B.8&, 4 pp. (in Russian).

13.8hapiro,3.A. and Fayzullin,I.5,19848,Attenuation of =sismic waves
in rocks viewsd as discrets =catfering media. Izvsestilyas Acad
Sci.,UB8R, Physicz of the solid EBarth, (English edition publi-
shed april 1987 by Amsrican Geophysical Union and Geonlogical
Socicety o America), 22: T36-T41.

14.Fayzullin, I.8. and Shapira, S.4.,1987, Elaztis wave scattsring
by laow ﬂnntra=+ inhomogeneitiez. In "Mineral research and pro-
speciting hole gecacoustics." VNIIGzoinformaystem, Moscow,3-12.

(in Russian).

15.Fayzullin, I.8. and Shapirc, S5.A.,1937,Elasztic waves attsnuation
in rocks, causzsd by the sc&tterlmo on discrete inhomogensitizss.
Doclady Acad.Nauk SSSR., 29%: 241-244. (in Russian).

16.8hapiro, S.A., 1987, Elastisc waves propagation in rocks with dis-
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.Sadovnichaia, A.

crete inhomogeneities (in application fo the hole fto hole soun-
ding). Avitoreferat of phys.-math.sci.candidate dissertation,
VNIIGeocinformsystem, Moscow, 22 pp. (in Russian). ‘

.Shapire, S.A.,1937, Elastic wavss propagation in rorkc with dis-

crete inhomogeneities (in application to hole to ho sourn~"
dingl). Phys.-math. sci. candidate Dissertation, VNIIUeQinform—
system, Mozcow, 1329 pp. (in Russian). '

Shapiroc, S.A4.,1987, On seismic wave propagation 1n rocks as in
random media with dizcrets scatterers modelling. In "Modern -
geophisical rezasrch. part 2." Moscow, Institute of Earth Phy-

sics of Acad.Se1.U.S.3.R., 87-100. (in Russian).

Payzullin,I.S. and Shapiroc,S5.A., 1988, Scattering and the depen-
. dence of seilsmic wave atitesnuation on the l=ngth of the obser-
vation base, |: Elements of a theory. Izv. Acaed. Sci.,U3ER,
Physiles of the solid Barth, (English edition published =zept.
1938 by American Geophysical Unicn), v.24, No 2, 102-110.

Payzullin,I.S., Shapiro,S.A., and Tsyplakov V.I., 1938, Scattz-
“ing and 1upenivnﬂ‘ of seismic wave attenuation on ocbservation

ase l_ng h.ofl:Experimental resultzs., 1bid. v.24,No 4,261-265.
1in,.I.S. and Shapiro,S.A., 1928, Featurss of seismic wa-
ves atte a+1on in randumlf inhomogeneous media. Doclady Akad.

SSSR., 302: 1073-1077. (in Russian).
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wave3 and the fractal nature of lithospheric inhomogenc‘tie
Izv. Akad. Nauk SSSR, Fizica Zemldi, No 10: 43-49 {in Russian).
Payzullin,I.3., Shapiro,S.A. and Zyrianov,V.B., 1989, The Hole
to holes scunding on the seismic waves attenuation perspectives
of de',lupmvnt Preprint 2-89, VNIIGsciniformsystem, Moscow,
10 pp. (in Russ:
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Methodical manuals:

1. Methodical manuals on the se ismoacoustical noise 1n kore h les
investlgation. 1983, (VNII Nuclear geophysics and geocchemistry);

1988, (VNIIGecinformsystam. )
2. Methodical manuals on the hole to hole sounding, 1985 (VNII
Nuclear geophysics and geochemistry);1988, (VNIIGecinformsystem. )
3. Methodical manual on s=siamic refraction application to civil
engineering. 193832 (Moscow Unilversity.)

Real applicafion:

The mszthods and computer programs have besn applied to the inveszti-
gation of the polimetallilc ore bodies in the Uzbekistan and Ukrains
and the foundations of the objects of eivil engine erinb in Moscow.

Pergpective research plans:

'd 1iks to continue the :e?eazrh in the thesory and computsr mo-
deling of the wave propagation, scatisring and emission in randem
and fractal medisa;

-in the processing of the ssizmic and seismicity data for the scait-
tering and absorbing prupet* izs and statistical and structurs cha-
racteristics of msdla and of =sarthquakes inveatigation;
-in the fracial and multifracial asnalysis applications to the g=zo-
logleal objects and procsssss investigation.

I intend to starit ithe 2 In thes inverse statdistical
geaphysical problsm =oclving: )
- 1n the investigation < rfeatures of geophysical potential fields
in statistical and fracital modslz;
~ in the application of ths random wave fi=ld theory to the wavss
in bore holes, underwatser and marine sediment acoustics, non dest-
ruchive ftesting, and msdical ultrasonics. )

I intend to wrifte a2 book on the seismic waves in random msdis,
nere iz s=oms matsrial of i Iin my Ph.D.thesis
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Soviet-American Monograph on Geothermal Energy

To: Patrick Muffler, Hugh Murphy, John Lund
All American Co-Authors

Subject: Initiation of the Monograph !
Jate: March 30, 1990

This is the first general news memo cn the status of the
Soviet-American Monograph on Geothermal Energy. The Monograph
was Project 4 of the Stanford University - Leningrad Mining
Institute Geothermal Agreement. The other three projects were
for joint research projects that require external funding. We
nave had difficulty in finding external research participants and
sources of external funding for the joint projects. 3ince
Stanford will not support the initial expenses necessary to
generate the Agreement program and a dratft of a proposal for
funding, we have had to put the SU-LMI Agreement on hold. We
plan to seek support from another institution in California
willing to work together witn LMI.

However, this does not affect the decision made in Leningrad
to proceed with the Monograph independent of success of
Government funding of the three joint research projects. 1In
fact, it was considered better to have the Monograph be prepared
by individual experts in geo~thermal energy as an independent
group. :

Accordingly, we have sent the enclosed letter to LMI to
initiate the Monograph. Also enclosed are copies of the current
List of Chapters with the names of the american co-authors and
our suggested Outline to initiate preparation of the Chapter
contents. Cn response to our letter, we would hope to start
correspondence petween each pair of Co-Authors. It takes about
six weeks {minimum) for an exchange of correspondence by mail.
Perhaps this might be an appropriate time for each of us to
consider what we feel would be best coverage for our specific
Chapter. Please send me any comments or suggestions you might
have at this early stage. I will distribute a second news memo
as soon as I hear from LMI.

Sincerely,

Paul Kruger

Fax 415-725-8662



Terman Engineering Cente

STANFORD UNIVERSITY Stantond. Catioms 945054050
Department of Civil Engineering Telex 348402 STANFRD STNU
Fax 415-725-8662

30 March 1990
prof. Yuri D. Dyadkin
Leningrad Mining Institute
21lst Linia - No.2
Leningrad 195026, USSK

Dear Yuri:

Your package arrived this week with your New Year card and
the beautiful book on the Leningrad Mining Institute. It brought
pack many pleasant memories. Did you receive the book on the San
Francisco earthquake?

We nave not received the Agreement that you wrote me was
signed in December. I regret very much that Stanford is unable
to continue with the Agreement, 2a2xcept that we will continue the
Soviet-American Monograph on Geothermal Energy and hope that
conditicns improve in the near future. As I wrote you
previousiy, I will try to move the Agreement to another
institution in California.

I enclose the 3 volume 1lists of the 26 American authors who
have agreed to work with a Soviet co-author for preparing the 26
Chapters of the Monograph. Also enclosed is a Draft of a generic
Outline wnich cculd be useful to initiate correspondence between
the American and Soviet co-authors. We would appreciate
receiving from you a list of the 26 Soviet co-authors and their
address and your comments and suggested changes for the generic
gutline. We anticipate that each pair of co-authors would, by
correspondence, prepare a specific Outline for their Chapter.

We 1look forward to our continued coilaboration,

With the very best wishes,

Paul Kruger

cc: P. Muffler, Edi., Vol. 1
H. Murphy, Edi., vol. 2
J. Lund, Edi., Vol. 3
all American Co-Authors



Suggested Chapter Outline for First Drafts

Responsible
Co-Author for
Section First Draft
I. Introduction
Overall Objective of Chapter *
{general items to be covered)

Brief History of Topic
Basic Definitions
General Characteristics *

II. Summary of Past Experience
USA A
USSR S
World *

III. Current Status of Development
USA A
USSK S
World ®

IV. Future ExXpectations ®
and Research Needs *

V. Discussion and Conclusions *
VI. References #

A = American Co-Author

S = Soviet Co-Author

* = by choice between co-authors
# = as compiled



GEOTHERMAL ENERGY
Joint Soviet-American Monograph
in Three Volumes
1992
(30 March 90)

Volume 1 Resources

Volume Editors
V. Kononov, Council for Geothermal Research AS,USSR
P. Muffler, U.S. Geological Survey

Chapter Authors

1.1 Nature of Geothermal Energy
USSK:
USA: Wendell A. Duffield (USGS)

1.2 Heat Flow Distribution and Geothermal Anomalies
USSR:
USA: David D. Blackwell (SMU)

1.3 Ekesource Base and Resource by Type
USSR:
USA: L. J. Patrick Muffler (USGS)

1.4 Exploration Geosciences (geology,geophysics,geochemistry)
USSR:
USA: Phillip M. Wright (UURI)

1.5 Prospect Evauation

USSR:
USA: Norman E. Goldstein (LBL)



GEOTHERMAL ENERGY
Joint Soviet-American Monograph
in Three Volumes
1992
(30 March 90)

Volume 2 Extraction

Volume Editors
E. Boguslavsky, Leningrad Mining Institute
H. Murphy, Los Alamos National Laboratory

Chapter Authors

2.1 Characteristics of Geothermal Reservoirs
USSR:
USA: Paul Kruger (SGP)

2.2 Drilling and Completion of Geothermal Wells
USSR:
USA: John C. Rowley (LANL)

2.3 Well and Reservoir Testing
USSR:
USA: Mohinder S. Gulati (Unocal)

2.4 Reservoir Diagnostics
USSR:
USA: Bruce A. Robinson (LANL)

2.5 Reinjection
USSR:
USA: Roland Horne (SGP)

2.6 Stimulation
USSR:
USA: Ralph Veatch (Amoco)

2.7 Artificial Geothermal Systems
USSR:
USA: Hugh Murphy (LANL)

2.8 Heat and Mass Transfer Processes in Geothermal Systems
USSR:
USA: Ping Cheng (Univ of Hawaii)

2.9 Management and Economics of Geothermal Fields
USSR:
USA: Subir K. Sanyal (Geothermex, Inc.)

2.10 Potential for Magmatic Heat Extraction
USSR:
USA: James C. Dunn (Sandia)



GEOTHERMAL ENERGY
Joint Soviet-American Monograph
in Three Volumes
1992
{30 March 50)

Volume 3 Utilization
“Volume Editors
G. Gaidarov, All-Union Res Inst of Geoth Probs
J. Lund, Oregon Institute of Technology
Chapter Authors

3.1 Spheres of Utilization

USSR: o
USA: Gerald W. Huttrer (Geothermal Management Co)
+ (P. J. Lienau Geo-~Heat Center, OIT)
3.2 Thermodynamics of Conversion Processes
USSR:

USA: Ronald DiPippo (SE Mass. Univ)
3.3 Electric Power Plants and Steam Cycles
USSR: ,
USA+: Richard Cambell (Ben Holt €o.)
3.4 Binary Conversion Cycles
US5R:
USA: Kenneth E. Nichols (Barber-Nichols Engr Co)
3.5 Advanced Conversion Cycles
USSR
USA: Carl Bleim (EGG, ID)
3.6 Basic Direct heat Technology
‘USSR:
USA: Gene Culver (Geo-Heat Center, OIT)
3.7 Municipal Heat Supply Systems
USSR:
USA: Kevin Rafferty (Geo-Heat Center, OIT}
3.8 Industrial Heat and Mineral Extraction
USSE: -
USA: Dennis T. Trexler (+ T. Flynn) (Univ Nevada,LV)
3.9 Agricultural and Aquacultural Heat Supply
USSR:
USA: Rudi Schoenmackers (New Mexico S5t. Univ)
3.10 Thermal Water Balneology
USSR
USA: John W. Lund {Geo-Heat Center, OIT)
3.11 Environmental Aspects of Geothermal Power Engineering
USSR:
USA: Dwight L. Carey -(Environ. Mangmt. Assoc., Inc)



Terman Engineering Center

STANFORD UNIVERSITY Stanfors. Catitornis 94505-2030
Department of Civil Engineering Telex 348402 STANFRD STNU
Fax 415-725-8662

February 7, 1990

Dr. Phillip M. Wright

University of Utah Research Institute .
391 Chipeta Way, Suite C

Salt Lake City, UT 84108

Dear Mike:

This letter is an invitation to you to participate in a
Soviet-American joint project to prepare a 3-Volume Monograph on
Geothermal Energy by becoming a U.S. author for one of the
chapters with a Soviet co-author to be named in the USSR.

The project is one of several included in a Cooperative
Agreement between the Leningrad Mining Institute and Stanford
University for joint studies in geothermal energy development.
The project objective is the publication (in equivalent Russian
and English texts) of a compilation of research results of the
USSR and USA and published literature of other countries in the
topics of resources, extraction, and utilization of geothermal

energy.

Enclosed for your review is a copy of the Preliminary Table
of Contents with the names of the Soviet and American Editors who
have agreed to assist in preparing the three volumes. Pat
Muffler joins me in inviting you to prepare Chapter 1.4 on
Exploration Geosciences (geology, geophysics, geochemistry).

At the present time, we are formulating the list of U.S. co-
authors and have invited the Soviet Co-Editors to visit Stanford
this Spring to finalize the arrangements for preparation and
publication of the Monograph. We anticipate a publication date
of about 1992 with a prior technical meeting of the co-authors in
Leningrad to review the Monograph chapters and to finalize the
equivalence of the Russian and English texts.

We hope very much that you are able to accept this
invitation and look forward to working with you in what could be
a very stimulating experience. Please let me know if wish to

participate in the project. If there is any further information
you may need, please do not hesitate to call.

Sin ely,

Paul r

cc: P. Muffler, USGS



GEOTHERMAL ENERGY

USSR~USA Joint Monograph
(estimated 600 pages in 3 Volumes)
(for publication in 1992)

Chief Editors
Yuri D. Dyadkin (Leningrad Mining Institute, USSR)
Paul Kruger (Stanford University, USA)

volume 1. Resources (Volume Editors: V. Kononov, P. Muffler)

-
. o .

v Wi

Nature of Geothermal Energy

Heat Flow Distribution and Geothermal Anomalies

Resource Base and Resources by Type

Exploration Geosciences (Geology, Geophysics, Geochemistry)
Prospect Evauation

volume 2. Extraction (Volume Editors: E. Boguslavsky, H. Murphy)

NN NN

1
2
3
4
.5
6
7
8
9
1

Characteristics of Geothermal Reservoirs

Drilling and Completion of Geothermal Wells

Well and Reservoir Testing

Reservoir Diagnostics

Reinjection

Stimulation .

Artificial Circulation Systems

Heat and Mass Transfer Processes in Geothermal Systems
Management and Economics of Geothermal Fields

0 Potential for Magmatic Heat Extraction

volume 3. Utilization (Volume Editors: G. Gaidarov, J. Lundj

.1
.2
.3
4
5
.6
7
8
.9
.1
.1

Spheres of Utilization ,
Thermodynamics of Conversion Processes
Electric Power Plants and Steam Cycles
Binary Conversion Cycles

Advanced Conversion Cycles

Basic Direct Heat Technology

Municipal Heat Supply Systems

Industrial Heat and Mineral Extraction
Agricultural and Aquacultural Heat Supply

0 Thermal Water Balneology
1 Environmental Aspects of Geothermal Power Engineering
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Disposition:

SUGGESTED OUTLINE AND CONTENTS
1.4 EXFLORATION GEOSCIENCES
INTRODUCTION

1 Objective of Chapter.
To review application of geological, geochemical, and
geophysical techniques to - regional empfbration for

geothermal resources.

A History aof Geothermal Exploration.
Brief summary of early development, techniqgques used,
philosophy.

3 Summary.
Summary of exploration methods and exploration
strategies.

REVIEW OF REGIONAL EXFLORATION TECHNIQUES

2 Introduction.
Classification of techniques. Comparison of techniques
used to those wused for mining and petroleum exploration.

LDZ Geological Techniques.
Geologic mapping; study of drill samples; age dating;
structural studies; geologic interpretation.

20 Geochemical Techniques.
Chemistry of thermal fluids; major, minor and trace
elements in rocks; hydrothermal alteration; isctope studies;
fluid-inclusion studies;

20 Geophysical Techniques.
Thermal techniquess electrical techniques; gravity
techniques; magnetic techniques; seismic and seismological
techniques; remote sensing.

REGIONAL. EXFLORATION STRATEGIES

2 Introduction.
Summary of application of geosciences; exploration
strategies.

g Regional Area Selection.
Characteristics of geothermal environments (arid, wet,
crystalline~-rock, volcanic-rock, sedimentary-rock).

b Regional Exploration.
The exploration process: regional exploration
strategies.

EXFLLORATION CASE STUDIES

?ﬁ‘ Introduction.
BGeothermal provinces in the U. 5.3 summary of regional
exploration in the U. S.

to Exploration of the Basin and Range, western U. S.

Exploration of the Imperial V




3 . e
SUGGESTED OUTLINE AND CONTENTS \

1.4 EXPLORATION GEOSCIENCES
INTRODUCTION

Objective of Chapter.
To review application of geological, geochemical, and geophysical techniques to
tegional exploration for geothermal resources.

History of Geothermal Exploration.
Brief surnrnary of early development, techniques used, philosophy:

Summary of exploration methods and exploration strategies.

REVIEW OF REGIONAL EXPLORATION TECHNIQUES
Introduction.
Classification of techniques. Comparison of techniques used to those used for

mining and petroleum exploration.

Geological Techniques.
Geologic mapping; study of drill samples; age dating; structural studies; geologic
interpretation.

Geochemical Techniques.
Chemistry of thermal fluids; major, minor:and trace elements in rocks;
hydrothermal alteration; isotope studies; fluid-inclusion studies;
| Geophysical Techniques.
Thermal techniques; clectncal techniques; gravity techniques; iagnetic techniques;
seismic and seismological techniques; remote Sensing.
REGIONAL EXPLORATION STRATEGIES

Introduction.
Summary of application of geosciences; exploration strategies.

Regional Area Selection.
Characteristics of geothermal environments (arid, wet, crystalline-rock, volcanic-
rock, sedimentary-rock).

Regional-Exploration.
The exploration process; regional exploration strategies.

EXPLORATION CASE STUDIES

Introduction. _
Geothermal provinces in the U. S.; summary of regional exploration in the U. S.

Exploration of the Basin and Range, western U.. S.

Exploration of the Imperial Valley, southwestern U. S.



FUTURE EXPECTATIONS AND RESEARCH NEEDS
Introduction.
The future of geothermal exploration in the U. S.

Research needed to improve exploration techniques.
DISCUSSION AND CONCLUSIONS
REFERENCES

GLOSSARY

Rough estimate of pages, double spaced, typed = 110 without illustrations. Add 20 for
illustrations.
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I.3. HayuHHe OCHOBH pa3BelKy
(reosorusa, TeodusmKa, I'COXVIMUSM)

IJ1A palmoHaIbHOR opraﬂﬁsaunn IOYICKOB ¥ DAasBeIKM MeCTODOXIEeHM
TepMAaJBHHEX BOI ¥ HapOTMIPOTEpM Ha IpennoncKoBoil (IporHosHO#) cramwy,
a Taxkxe I nozcTamuy oOUMX IIOMCKOB elje 1o Havajga OypeHusa HeoOXOomuMo
IPOBECTH B MCCJIENyeMOM pajloHe KOMIVIEKC I'eOJIOTMYeCKHXx, Ieofusuyec-
KNX ¥ THOPOTSOXMMWUYECKNX WCCJENOBaHMII, KOTODHE INO3BOJAT COCTaBHUTH
ofuiee INpEeNCTaBISHNEe O HaWMUUy (WX OTCYTCTBHY) 9YACTO HENPOSABJESHHHX
Ha NOBEPXHOCTY T'EeOTEePMAJIBHHX PEecypcoB, MX o0beMe, KauecTBe U TeI-
JIOBOM IIOTeHIMake. TakWe KHCCJHeIOBaHyUA IO3BOJNAKNT yXe Ha IpenBapu-
TEJLHOM 2Talle pPasBelky I'MIPOTEepMAJBHHX CHUCTEM, OIpeneJuTh HamdoJee
IIepPCIEeKTUBHHE YUYACTKH LOOHUYM TEIUIOHOCHTeJII ¥ NIOMOYEL B Oojiee Ipa-
BIJIPHOM BHOOpPE MECT 3aJOXeHUA OyPOBHX CKBaXuH.

/[3 QE; I1.3.7. Teonmormueckue NPeIIIOCEHJIKK IIOMCKA JeonoB B.I.
TeOTepPMaJbHHX MEeCTODOXIeHUH

PaccvarprmBas TeOJIOTUYECKMS yCJOBUA IPOABIEHYA T'MIPOTEepMasbHOU
IeATeJBHOCTH, OCTAHOBHMCS Ha TpeX BOIpOCax, KOTOpHE MOI'YyT CHTH
BaxHH Ip¥ U3YyYeHHHM JOCHX I'eOTepMasbHHX MECTODOKLSHME B J000# TOUKe
3eMHOT'0 mapa. llpexknme BCET'O 3TO THIM3AIMA I'eOTepMaJbHHX DPallOHOB.

OHa NO3BOJAET COCTaBUTH oCuWee IpPeICTaBJeHMEe O MECTODPOXIEHMH elle

0 HadaJa ero pasBelKy, CHeJaTh 3aKJNYeHHe O er0 MNePCIeKTUBHOCTH

¥ BO3MOXHOM IJUTEJNBHOCTH CYWECTBOBAHWA B HEM I'HOPOTEPMAaNbHOR aKTUB-
HocTH. C mpyrofl CTOPOHH, 3TO OLEHKa PaCIOJOKEHNS M BO3PACTa pPEerHo-
HaJBbHHX T'eOJIOTMYEeCKNX CTDYKTYD, OIpPOIeJieHNe 3aKOHOMEDPHOCTe# uX
pas3BuTHg. Taxad OLBHKA INO3BOJAET yXe Ha IpPEeIBAPUTEJHHOM dTale
PasBelKN TepPUTOPHM ONpeleJMTh HamooJee NepCIeKTHBHHE DPafioHH, a

B IpeliejiaX KOHKPETHHX I'©OTEepPMAaJbHHX IoJeil — onpemeJsuTh yYaCTKM, I'Ie
MOI'YyT OHTH BCKDHTH HamooJee NpONYyKTMBHHE 30HH. Haxowen, Tpetuit
BOIPOC, — 3TO BO3MOXHOCTH nepeopneHTmpoERM MarmMo- ¥ QUINMIOIPOBOLA—

WIX KaHaJoB ¢ IJyCuHoit. Ilpy pasBenke T'eOTepMajbHHX MeCTODOXIEHHUI
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VHcTHTYT ByaxangIormn B0 AH CCCE

(3. \ TECJOTVUECKIE IPEIIIOCLUEY IOYCE
TEOTEPMAIEHHX MECTOPOEIRHILI

Paccmémpmaa&"eoxornqecxne yCJIOpAA- NPOARICKHUA THIPODSPMALL~
off meATeaILHOCTH, §-Su—%020]] 0CTAHOBUMCA Ha TPeX BONPOCRX, KO-
FOPHEe MOI'YT OHNTH Baizyy IIPY HZYYESHMH JHOOHX TEOTEPMATEHEX MOCTO-
PORIEHNIL B JIOGOH TOUKR 3eMpOro mapa. Ipexne BCero 3TO THINBQAMI
. |TeoTepMabHEX PaiioHOB. YHa MO3BOJIAST COCTARETH 00mee IpencTaRniIe-

f1

OlLIeH ’ omeanﬂ A BO3pacTa YernOHAJBHHX T'e0JIOI'MYEeCKIX cmpy34
Typ, ONpezeJieH¥ue 3aKOHOMepHOCTell \ux pazBuTusg. Taxas OLEHKa NMO3-
BOJIIET /JNe HaA NPCUBAPHTCJBHOM 3TAnS PA3BEiIKH TEppETOpHM Onpens- [
JILATL HauoOJee NepCIeKTUBHHE DalioHH, § B Ipenejiax KOHKDPeTHHX I'eo
TEPMAABHEX NQICH — ONpEeNeJuT: YYaCTHEHN\TIEC MOTYT OHTE BCKPHTH
HanooJsee NPOIYKTHBHHE 30HH. HBHOHGH, TPETHi BONPOC, HS-KOTOPOM
HE~6H X OTOIOCHOC TaHORHTECY,;~ OTO BO3MOKHRCTH NEpPeOpHeHTAPOBKA
MATMO~ 7 @JHOPLH,OHPBOMIIIEX AHAJIOF varEOi ., DB pa3Renks 1'e0s

TepMAJIbHEX MECTODPORIEHm 3HAHWe JYTHX ABJIGHMI TaKEe MOEET OKa3aThb-
‘CA OUYCHH IIOJIG3HHM, ' 3

- Gl TATN £y eva
Vot e ds

CymecTByDIHTE nonuTKn nposeuennﬂ Tnnnsannm Ie0TepMaJbHEX paiio-
HOBE Ha OCHOBE [EOKTOHIILY- - EEHER 5 ~00 %
HUKY ILIAT C BHISJEHUEM I'eOTepiajbHHX paliioHOB, pacnonameunux B

30HAX CIPEJUHTa, 30HAX CYOLYKIMM @ B OPeieJaX BHYTPHIMINTHHX aHO-
mautmii [ 20, 23 @ mp.] , wex—tme Kamgrrm, He coBcenM ymausuy Comjac-
HO 5TUM RIACCEUKAIUAM K ONHOMY THIY MH NOJEHH OTHOCUTH MieJIoyc—
TOH 1 I'apafin (BHYTPUIVMTHHE 2HOMAJEN), HO OHY COBEpNEHHO He IO-
XORM HE IO COCTaBy CJaralmuIx NX IOpOon, HE IO CKOPOCTH IPOTEKan-
OMX B HHX MarvMaTHYeCKHMX IpOIECCOB, HU IO THIOY TEILIOBOI'0 IMUTAHHSA
IIpYy pOYEHHEX X HUM I'IIPOTepMATBLHHX CHCTEM. ByJIKaHHYECKHE H T'e0-
TepMalbHHe palioHy KaMuaTxm, KOTopas COIVIACHO 9TMM HKIacCHUKa-




UMM OTHOCHTCHA K 30HaM CYOIYKIUHMH BPAL JA MOIYT CONOCTABJIATHCH

C IOnOGHHMM paiioHamvu Agn KmuOi AMepmKE wiu leHTpaasHO-AMepu-
KaQHCKIX CTpaH, KOTOpHE TakzEe OTHOCATCA K 30HaM CyCnyKumm. B xaw:
YeCcTBe NPHEMEpPA MOXHO CPABHHUTH WCTOPHO DASBUTHS KANBIESPHHX KOMI-
JiekcoB Armrian B I'BaTemade [ 21 ] nm Kapumckoro meHTpa Ha KanuaTwe
(31 Ina IIepBOr'0 YCTAQHORJISGHO TPH LHKIA KaJbIepooCpas3OBaHud C
ro3pacToM (MIH.JeT): 14-II, I10-8 w I-0; zma4 BTOPOI'O - WECTH
omKa0B ¢ BospacToM (mmi.nmet); 2, 0,8, 0,18 - 0,14, 0,II-0,08,
0,015 # 0,008. MoxHO HmpuUBECTN U IPyI'Me HPHMEPH — BCO OHH CBHIE-
TEJILCTBYNT O TOM, 4YTO CKOPOCTH IPOTEKaHWA MarmMaTHYeCKEX NpoLec—
COB B 3TmX paifloHax CymEeCTROHHO OTJMYAETCA UM 4TO I'60TEpMAJBHHE
pafioHH B HEX TAK¥e NOJMEHH MMETh OTJIMymMd. Ha 570 0OpaTAl BHIMA-
Hue Takme M.Befixep [ I0], xoTopwil CpaBHMI pasBETHE CJORHHX KA
IepHEX UEeHTPoB lleHTpasbHEX AHE, Kro-3anana ClA m Mexcwkm, ¢ OI-
HOZ CTOpOHH, 7 fnonpm, lHioHesum u Hopoil 3esaHnmm, C APYyIroi
CTOpOHH. OH IpmueJ K BHBOLY, dYTO é%nepnux, PasBATHE HPOUCXOIHUT
33 CYeT MAJOI'0 YMCJaa BHGPOCOB, B OCHOBHOM HI'HUMODHUTOB, a BOxX
BTOPHX, B pe3yJabTaTe OOJBNOTO YKUCJIa OTHOCHUTEJNEHO MEJKHX U3Bep-
KEHHL Kay JaB, TAK # NUPORJIACTHKH, ¥ YTO 5TH OTJNYAA CBA3AHH,
IO~BHANEMOMY , C MOMHOCTBHD 3€MHOI KOpH. OTOT BHBOI MHE KaxelTed
OYeHp Bag®HHM — HMMEHHO MONHOCTDH 3€MHOI KODH MOJXRHA JEeXATh B OCHO-
Be THNU3AIMHN I'e0TePMANbHHX pailoHOB,. lIONHTKA HPOBSHEHWA TaKO
TENU3aNUN OpefCcTaBIeHa B Tadumme I. BHEEJNEHO TDY TEIA TeOTep—
MRJLHHX DailOHOB, CRA3AHHHX, COOTBOTCTREHHO, C OKEaHMUYECKOIM,
IIopPexOnHOil ¥ KOHTUHEHTAJLHOH 3eMHO# Kopoi. Pasmums Mexny HuMM
B IEpHONUYHOCTY IJIABHHX SPYNTHBHHX IUKJOB,B COCTaBe IPOLYKTOB
BYJKGHAYCCKOl NEATEJBHOCTHE M, OCOGEHHO, B IMTEIBHOCTE $a3 THi-
POTepMAdbRRi aKTWBHOCTH, IO WMEKMMMCH IaHHHEM, OYeHb GOJENMe. B
TO ®e BpeMA NPEUPOIA He X0UeT INORUMHATHLCA M DTOH KIACCHDUKALIAH.
Tax, Jmmb yCJIOBHO MORHO OTHECTHW KO BTODPOMYy THIY I'@0TEpPMAJbHHE
paitons 30HH Taynmo B HoBo#l 3exqasnmu. IIo cocTaBRy NponyKToB, -
TEJBHOCTH $a3 I'HIPOTEepMANEHOA aKTUBHOCTH M IO pPANY IPYyrux I'€0-—
JIOTHYSCKNX XapaKTepMCTHK STH DalioHH Oimxe K TpeTheMmy Tumy. He-
IaBHO GHJIO IPOBENEHO CPaBHEHME 30HN Taymo ¢ paiioHom lesroycromna
B CmAU[BO] 7 JIOK83aHO, 4YTO OHM MMENT MHOI'O ofumero., HO mpm Gum3-
KX pasMepax, O0heMax BYJKAHUYECKHUX IIODOJ, CKOPOCTH HOCTYILICHWA
Marms, 3oHa Taynmo oTumyaeTcA OT lesmoycTona Gozee KOPOTHMINMZ
MarMaTEYeCKIMEA LUKJIaME, OTCYTCTBHEM pe3ypreHuum, 6oJgee MoJomoit

-Pa3npoCieHHoil KOPOi. ITH yCJOBUA NPEUATCTBYHNT HOPMAPOBAHMII
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H O CRODOCTH DACTSREHEMSA 3EMHOft KOpH B3fATH H3 pacGoT

7, 15, 18, 21
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IOCTATOUHO KPYyNHHX MATMATHYOCKNX Kamep HA BEDXHEKODPOBONM YDPOEHE
I He NPHBOIAT K Pa3BUTHD TaKHX CJIOXHHX IEeTPOJOTMYECCKEAX 3BOJIO-
IIIOHHHX IPOLECCOB B MAI'M3aTHYSCKMUX KaMepax, KaKue yCcTaHaBIWBalT-
CA B KaJpIepHHX neHTpax sanaza CllA. 3TH oTiudud HeoOXOIMMO
IMeTh B BHLY ¥ IPW CPaBHEHHM I'eOTODMAJIBHHX paiioHoB 3anana ClLIA
7 KaMuaTKHd. B 4aCTHOCTH, HA KaMyaTke, KOTOpasd TaKEe OTJINYaeTCA
MOJIOZO# paanpodﬂennoﬁ KOpoil, BPAIL J¥ MORHO ORUIATH HaXORICHEE
KPYIHHX 38X0POHEHHHX MATMATHYeCKIX KaMep, HE OPOABLANIMXCE Ha
IIOBEPXHOCTH, HOLOGHO TAKMM, KAKVe YCTAHOBJIOHH B paitoHe COKOPDPO w
B ‘Jlosmne CmepTz B CHIA. OcoGo B Tadumue I NORasaHH I'e0TepHMaBHHE
paiioHH, pacunoJioxeHHEHe B I'mvasnadx. MOmHOCTE 36MHOI KODH B OTHX
paiiodax - makcmMaJbeaa Ha 3emie (mo 80 KM). B HEX HE IPOARICHA
COBpeMEHHaA BYJKSHNYESCKAS aKTHBHOCTH, a TEIIOBOS IHTaHUE OCy—
LECTRIASTCA 33 CUET IPONOMEANIMX OCTHBSTH KPYNHHX MAcC TPAHNTOB
MUOLISH~ILINOIISHOBOT'O BO3pacTa.
KpoMe MOWHOCTH 3eMHOH KODH BamHylD POJIb B DasBATHY BYJKAHOYESC-
KX ¥ THIPOTEePMANBHHX NPOLIECCOB HMI'paeT TakEe, NO-BUIUMOMY, CKO-
POCTH PACTAROHUA 36MHO# KOpH, YTO OHJIO HaIVIALHO ITOKA3aHO Ha IPU-
Mepe TUEpOTepMAJBbHHX CHCTEM, DPACIOJOXECHHHX Ha CPeIMHHO-OKeaHN-
geckmx xpedrax [ 71
Bce cpenmHHO-OKEaHMUYECKHe XPeOTH OWJIA PasieJeHH HA BHCOKOCHpe-
IMHTOBHE (CO céﬁocmsm pacTaXeHna doJee 2 CM/TOn) ¥ HEH3KOCIHPEIAH-
roese (CO CKOPOCTED PaCTARCHMA MeHee 2 ciM/Top). Ilpm sToM GHIO
IIOKa33H0, YTO Ha NEepPBHX NOBTOPASMOCTE IUKINYCCKEHX MaKCHMyMOB
BYJIKAHUYECKOl aKTHBHOCTH MomeT OHTHL B I0-I00 paz wame, 4YeM Ha
BTOPHX. YCIOBUA pacTaxeHmi (mo xpafine#l mepe, B mieficTomene)
XapaKTepHH TaKEe W 1A I'eOTepMAJEHEX PaiflOHOB B 30HaX CYGIYKIMHA.
OnHaKoO CKOPOCTH PaCTAXCHEA BI6Ch 3HAUUTEJBHO MeHble. B ByJKaHU-
uecKoM pailone Karocmma Ha mre fmoHum — 0,2 mv/Toxn [I6] B 30He
PasBuUTAA HOBeUMMX DPa3pPHBHHX HapyueHmi Ha BocToumoil KamgaTre —
0,3 mmi/ron [ 41, a B ByJxaHmdeckoil soHe Taymo B Homofi BeJsaHumu
- oxroso 7 my/roxn [26). He MCHMOUEHO, UTO OTHOCHTOJBHO BHCOKAS
CKOPOCTEL DPACTAXEHHA 3eMHOA KOpH B 30He Tayno m SBMWIACE IPMUIMHOMR
OTMeYEeHHHX BHIle OCOOeHBOCTEll ee Pa3BHTHA - IOBHMCHHOR YACTOTH
I3BED®EHNl, GONBMOI0 O6BEMA U IPEMMyWECTBEHHO DHOJMTOBOI'O COCTa—
BA NPOLYKTOB N3BEDKCHMNA.
llpyBeneHHNe JaHHHE NOKa3WBAWNT, YTO HA HAYAJNBHOI CTaguy pasBel-
K1 I'e0TepiaJlbHHX DPEecypcoB, IPH IOHCKAX GIU3KEX IO THIY Ie0TepMalsb-
HHX MeCTOPORIESHN! HeOOXOZMMO IPeRIC BCET'0 00pamaTh BHUMAHVE HA
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MOWHOCTE 3eMHOH’ KOPH, HNOCKOJNBKY HMGHHO OHA ONpejeser CIoco0
TeIIOBOT'0 NHUTAHMA I'e0TePMAJBHEX MeCTOpoxIeHmi (4acTHe BHeIpe-
HOA Ga3aJBbTOB W KDPYNHHE IJNTENBHO OCTHBADMEE OYarW KHCJHX
MarM) ¥ IJIMTeJBHOCTH FMX CymMeCTBORaHMA. Kpome TOr0O, BagHHM (Pak—
TOPOM SIBIASTCHA CKOPOCTH PacTAREHNS 36MHOI KOpH, KOTOpas TAKES,
no—annnmomy, MORET BHECTH cymecmnennue 'U3MCHEeHNA B reo&ormqec—

pOJIb npm pasBerke I'e0TepPMAJILHHX DPeCypCcoB, =& 110CJICJIOBATENE~ |
Hag MADpANua BYJKAHWYSCKHAX IPOABJICHME B KaKOM-JIUG0 HAUPABJICHUH,
PacCMOTDYM DTO ABJICHNG ¥ €ro 3HavYeHme LJIf I'e0TepMAJILHHX HCCJe~
IOBAHMII HA IpUMepe HEHTPAaJBHOI'O ydacTka BocTouHod KamuyaTiry
(pmc. I). C wro-samaja Ha CEBEpO-BOCTOK 37€Ch NMPOMCXONHMT: odmee
" OMOJIORSHTE" IIOpOL OT NPEeMMymeCTESHHO IVIMOLEHOBEX IO CpelHe-
BEDPXHEUETBOPTHYHHX, YMOHBICHHE NUAMOTDa KYNOJBHO-KOJBIGBHX
CTPYKTYD, RHEJWHEBAHYE 30HH HOBeiimux paspyBHHX HapymeHuil (6 J.

" PacnoJiomeHHEe 31eCh THIPOTEpVAJbHHE CHCTEMH IPUypPOYeHH K 0ceBoil

JIPHMA y4acTKa ¥ C Nro-3amaja Ha CeBepo-BOCTOK MOMHOCTH MX HOC-
JOUORATeIEHO yBeamezmpacTcad (puc. I). CaMye MOMHHE BHCOKOTEMIe-
paTypHHE I'IIPOTEPMAJIEHHE CHCTEMH 3IECh K3K I B IesoM Ha Kamuar-
Ke, CBA3AHH C BYJKAHHNYSCKUMYZ LEHTpPAMH, SaJOXMBNAMACH BV OPOAB-
JIABMUMY HaNGOJLIYH aKTEBHOCTL B CpPEJHE-BEPXHEUSTBEPTHYHOE BpPEMA
(5 , -
OTMEUeHHOE ABJEHWe, KOTOPOe MOZHO ONDEeNeJUTh, KaK II0CJIeIOoBa-
TeJBHYD FWEDSEED  ByJKAHU3MA C DI0O-3alafa Ha CEBEPO-BOCTOK,
OTUeT/IBO HPOABJSLETCA W Ha IpHUMepe OTMNEJABHHX BYJKAHMYECKHUX
OeHTpoB (puc. 2). Kajbmepw Ha HEX HECKOJIBKO CMEMEHH K CeBepo-

" BOCTOKY OTHOCHTEJIBHO IEHTPOB BYJKAHHUECKMX CTPYKTYP, HaQ KOTODHX

OHE (HOPMEPYDTCA, 8 NOCTKANBIGPHHI BYJIKAHM3M, KOTODHA B OCHOBHOM
COCpeOTAauNBaeTCa BHYTPH KaJbIep, CO BPeMEHEM CMemaeTcd K ceBe-—
PO-BOCTOKY, IEpEeKpHBaeT I'PAHMIH KaJbIep U pacﬁpoowpauﬂewca Ia-—
JIo@ Ha CEBOPO-BOCTOUYHHX MX CKJOHAX.

AHaJm3 pacnpeneseHus TepPMONPOABJICHMA HA OTOM yYSCTKE TAKKe
IIOKa3HBaeT,YTO0 HamdoJee KDYIHHE U3 HUX TATOTENT K CORepo-BOC-
TOYHHM 1 BOCTOYHEM YACTAM BYJKAHMUCCKUX LEHTPOB, K KOTOPHM OHH
npuypodeHH. OTYeTJUBO IIPOABJCHA 5T 3aKOHOMEDHOCTE M HA IpHMe—
pe IpyT¥X TeoTepMaJbHHX palioHoB KavuaTkm (pmc. 3). OgpamaeT Ha
ce6sa PHUMAHNE W eme OOHa OCOGEHHOCT: - TO, 4YTO MATpPaLud BYJIKa-
HO3MA ¥ CMEHCHME TepMONPOABJSHMA IPONCXOIAT HE IIPOCTO K CeBepo-
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BOCTOKY BIOJE OCH JYaCTKa, HO HA OTHEJBUEX IEHTpAx eme #H K
BOCTOKY B CTOPOHY mponwa B nnanmqecxom IyTH.

PaccuaTpueasd mOTOGHHE l4y MORWHO OTMETHUTH TAKM
pamoum_ﬂeﬂmoycwoncxou Raﬂsﬂepm. [locaiennas 'pacmoyomeHa Ha CeRe-
po—Bocwquom-oxoaqanmm NPOTAIERHOl BYJKAQHUYCSCKO!I 30HH DOKn
CHeillx. Bymxaﬂmsm B 9T0fl 30HE HOCJSHOBATENBHO OMOJAKUBAETCA K
ceeepo—aocmoxy"[25] TeprMONpOABJIGHAA COCPEIOTOYEHH BHYTDH KaJb—
IepH B K CeBepO-BOCTOKY OT Hee B 0aCCeilHe p.ﬂeﬂﬂoycmon f14].

;ZHa 0.l'apailm, pPacHOJOROHHOM H3 BOCTOK-II'0-BOCTOYHOM OKOHUAHNN
Tapaiickoro xpedwa,-é%§§§g533§¥Camnm MOJIOTOH Bynnaamam, a g
Kpaiineii BOCTOK~NI'0-BOCTOYHOM YacTH OCTpOBA ettor
Heitf#% COBPEMOHHHE BHCOKOTEMIEPaTyPHHR I'IIpoTe PMAJIEHHE. CUCTEMEL,
[Q]AZIEMDH TeiizepoB B Kaﬂnwopnnm PacHoNIOXEeH BOJH3K COBEpO-3a-
[aIHOI'O0 OKOHYAHWA NPOTAXSHHOH O6JACTH DA3BUTAA BYJKAHNICCKHX
OpoI, HOCHAENOBATEJNBHO OMOJARUBANMMXCI K ceaepo—sanany'[l7].
Taroe me MOJIOZEHNEe SaHUMAeT I'HupOoTepMasbHas CHACTOMA BYJIKAHA
HeloGeppy —~ OHa IpUypodeHa K (2a0am—CeBenn-3ananHoNMy—ORCHISHER,
ByJIKaHmYecKoii 308Q Bpasec., B mpenesax 5TO# 30HH BYJIKAHU3M
MOCJeOBaTEJNBHO OMOJIARMBAETCA B 380aA~CeBepO—3alanHOM HaIpaBJe-
Hmm['19, 25]. JaHHEe T'eO0PU3IYOCKUX WCCJICSIOBAHNI NOKaszaau, 4T0 @ .
IePCNeKTURBHEEe B I'€0TEDPMAJNIBHOM OTHOMEHNE PailoHH pacHoJaranTcd
HA CKIOHAX BYJKAHA K 3aIaly OT KaJIbIeDH [IS] P DoShsr

llpuBenieHHNE NAHHHE MO3BONANT CHENaTh BHEOL, YTO B(ﬁéﬂOHax.t_
QL,JEﬁﬂﬂLJﬂﬂ¥¥HHﬁEﬁﬁﬁH§(?ue B ONpeIeJEHHHX HAUPaBJCHUAX NPOnC-
xoumw IIOCJIeIORAa TEJIFPHOS YMEHENEHNe BO3PAcTa BYJKAHUIECKHX IIPOAB~
ﬂenmg; TaM, I'Ie COCPeNOTOYeHH HAKO0Jee MOJOIHE IPOABJIGHAA By~
KaHH3Ma, DacmoJiaranTCA I Hameosee KpyOHEe THIPOTCPMAJBHHE CHC-
TerH. [IpAdYer m caum STH CHCTEMH HECKOJBKO CMemeHH (B TOM ®e
HaNIpaRJIEHUE, B KOTOPOM OMOJISXMBACTCHA BYJKASHH3M) OTHOCHUTEJNEHO
DaCHOJIOROHHEX BOJU3H BYJIKSHEICCKHEX LCHTPOB.

B TO me BpeMa 5TO 3aKI0YEHME HYKIAETCA B yTOUHeHEH. Tak, Ha

. KamyaTke OHO CIpaBeLImBO 1A IUIOLEH-YS8TBEDPTHYHOIO 9TANa BYJ-
KaHyusMa B OeJIOM, HO HamGoJiee MO3THUE OPOABJEHUA BYJKAHK3MA
(103EHe-MIIefiC TOIE H-T'0JIOLISHORHE ) eMy He NOIYMHANTCH WIM HOLYU-
HAOTCA TOJNBKO 4acTmuHo (pmc. I). C Ipyroil CTOpOHH 1xaL—éﬁae—ﬁe—

h&Emmxag—epiaa@eM3594}2{}q Kpove OTMEYEHHOI 3amonomepnocmm

IelicTByeT eme ONHA — W BYJIKAHUYECKUE IIPOABJICHAA I I'MApPOTEpMab-
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Haf aKTHBHOCTH CO BPEMEHEM CMemAbhTCH B CTOPOHY (GPOHTA BYJKa-
HIMeCKOl nyrn: Ha KamuaTKe — K BOCTOKY, P pailoHe ByJxaHa He-
geppn 3 x 3amnany, a B I'saTemane 4 Kro-3amnany.

[IpyBesicHHHE WAHHHE, OCHOBAHHHE HA aHaJM3€ I'e0JOIr0-CTPYKTYpHOI
OGCTAHOBKY B Daii0OHaX Da3BUTHUS COBPEMCHHHX I'HIPOTEPMAJNBHHX CHCTEM
IIO3BOJIANT yXEe Ha IPEIBAPHTEJBHOM 5Tame USYUYEBHUA 5THX CHCTEM
CKOpPPEKTUPORATE: HaOpaBJeHUe PasBenOYHHEX U OypOBHX padoT #, IO-
BULUMOMY, CYWECTBEHHO YMEHBUHUTE HX CTOHMOCTE.

B 3aKJOUeHZEe OCTAHOBHMCA eme Ha ONHOM acHeKkTe, KOTOpHi HeoG-
XOAKMO YUNTHBATH IpPH DPA3SBOLKE I'60TEDPMAJBHEHX MECTOPORICHEA - HA
329 BO3MOXHOM H3MEHEHHe ODHEeHTHDPOBKN TEePMOBHBOLANMX CTDYKTYP C
TIyorHOfl, l3yueHHWe CTPYKTYPHEX YCJOBH JIOKAJIM3aL@M I'€0TepMaNib-
HHX MECTOpOxRIEHHi Ha KaMyaTKe IDO3BOJMIO CHEJATH BHBEOL, YTO B
IIepyor IIMOLEH-YeTBePTHUYHON TEeKTOHO-MAIMATHISCKO aKTUBH3aU@y,

B IEGPBYH OYepenb,, MPOABRINCEH B BUIE MATMOBHBOLAUMX CTPYKTYP Ham-
GoJlee TVIyOOKO HPOHEKAKNME pPasJOMy MOPHIHMOHAJBHOI'O ¥ MHUPOTHOIO
mpocTEpanui. [l03%@, B cpenHen ILIedCTOIeHe, aKTHBUSHPOBAJKCH
IBUXCHISA IO Pas3JjioMaM CeBepO-BOCTOYHOI'O NPOCTHpaHms (IayomHa mx
IPOHMKHOBEHMT COCTARJANA, NO-BMOZMOMY, Okono I0-I5 kM). B mozn~
HeM ITefiCTONeHe-TONONCHE HPORBOWIO 3aJ0ReHHe HaudoJee MOoJIonoi
CeTH Pa3DHBHHX HApDyWeHHil, nMelmmx npocTupanme CCB 20-30°, Tory-
0uH& UX IPOHAKHOBEHMA COCTABJIAIA COTHA METPOR WM IEpBHE KMJIO-
meTpd { 5]. Omenmsas pOJB HTHX DPABJOMOB, KAK MarMo- TeDMOBHBOIANNX
CTPYKTYP, OHJIO CIEJAHO 3aKJI0YeHHe, 4YTO OCHYHO HAMOOJee fAPKO IIPOAR.~:
JIOHHHE HA ITIOBEPXHOCTH pPaszJIOMH CEBEepPO-CEeBepO-BOCTOYHOI'O IPOCTHpa-
ama (CCB 20-30°) seaawres TEePMOBHNBOIANMAMY JIMIE B CaMHX BEPXHUX
dTaxax 36eMHOH KOpH. llpm paspenke INIyGOKHMX dacTeil MeCTOPORIEeHM
OHHU, IIO-BHIWMOMY, LOJNXHH MMOTH MCHBMCE 3HA4YEH@me. [IpH 2TOM OCHOB-
HO#l ymop cienyeT neJaTh Ha BHARJICHHE GOJce NPSBHEX DPAasJIOMOB, KO-
TOpHE B OTHEJBHHX CJIyYasax MOI'YT HE NPOARIATHECA HA ITOREDPXHOCTH

7 BHCTYNATh KaK CKPHTHE CTPYKTYPH. B INIyGOREX YaCTAX MECTODOR-
IeHWii IX pPOoJb, KAK TEPMOBHWBOLAMMX CTPYKTYP, MOZET OKa3aThCH

OYeHB BHCOKOi, .

Pe3yspTaTH W3y4eHNI NPOHMUIAEMHX 30H MyTHOBCKOI'O I'€0TepMAJILHO-
I'0 MECTODOXIESHNs Ha KamuaTKe, NOJYYEHHHE B IIOCJEUHUE I'0UH, IOO-
KasaJd, 4YTO JaRe B Opemesax BepxHeil pasdypeHHOH# dacTm MEeCTOpOR-
IeHnd NBIKEeHNe NOTOKOB TEILUIOHOCHUTEJIA HA DPAa3HHX YPOBHAX OCymecT-
BJFETCA IO Da3HEM KaHaJaM. B caMwX BEpXHEX 3Tagax (IepBHE COTHH
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METDOB) NPOCTEPAHME DTUX KAHATOB IDEUMYNECTEEHHO CEBEpO-CeBepO-
BocToudoe (CCB 20-30°), a ruyome - cesepo-BocTouHOe (CB 45-50°)

(1 ,
KpyIHwe pasjioMH, aKTHBHHE Ha IVIyGmHE, He BCerZla SICHO IposBie-
HH Ha DOBEPXHOCTH. B KauecTBe IpuMepa MOXHO IIDHBECTM CyOUHpOT-
HHil Y30HCKO-BaJarMHCKMiA pasJnoyM Ha KamuaTke, KOTODHIA 3aHEMAeT ce-
Kyliee IIOJIOXSHME IO OTHOMEHHN K OCHOBHO® MarmonouBozsmeil 3oHe
BocTouHoii KamMuaTRu, MMenmell ceBepo-BOCTOYHOe IpocTupanme. OH
IJIOXO BHPaEESH Ha IOBEDXHOCTH, HO HIDaeT BAKHYN POJEL B INIYyOHMHHOM
KOHTpOJIe MarMaTN4eCKOil NeATeJBHOCTH B paiione [ 5]. B yane mepece-
YEHEA STOT0 pasJjoMa ¢ OCHOBHHM MATMOBHBOIAIMM DA3JOMOM B IIO3THEM
ieficToreHe CHOPMUPOBAJICH CIOKHEI KAJIBIEPHHE LEHTD U HaAKOOJIee .
MomHaA Ha KaMuaTKe I'AnpOTepMaJbHAS chcTeMa. K MONOGHHM CTPYKTY-
pam B ClIA oTHOCHTCH, no{pnnnmomy, JvHeaMeHT [lgeiirs ceBepo-

BOCTOYHOI'0 IOPOCTUDAHESA, B y3Je IepecedeHnsa KOTOPOr'0 C MepHAmO-
HalbHEM prPTOM Pmo-I'panze cpopmmpoBasachk KaJubiepa Bajsmc. Ilo
MHEHED, pAa HCCJenoBaTe el aTa CTPYKTypa ARIACTCA G0Jee 3Haym-+
TEJBHHM TOKTOHWIOCKEM BJCMEHTOM, deM pud? Pr-Ipanme: pmdT oTpaxa-
eT BepXHe-KOpOBOE@ II0Je HANpARCHMA (10 IMIyGmHH 5 KM), a JuHea-
MeHT [igeiiM3 — HUEHE-KOpOBOe WM MamTmiiHoe moat [8, 24, 25]. Pois
PasJIOMOB CEBEpPO~BOCTOYHOI'O TIPOCTUPAHUA B 5TOM pafioHe OHJQ BHAB-
JIeHa OTHOCHTEJBHO HEIaBHO. CHEJAH BHEON, UTO MMEHHO OHU BH3BAJM
MHOI'ME OTJIHUNSA MORLY NpennoJjaracyeM ¥ IeiiCTBUTESJILHHM COCTOSHUEM
CTPYyRTYpH (221,

IlonoGHast, He M3BECTHAA DAHEe CKPHTasd 30HA Pa3JOMOB CEeBEpoO-
BOCTOYHOT'0 IpOCTHpaBEA (JuUCKaBepyu) BHARJICGHA HENARHO ¥ B paiioHe
Kaapnepy Jiour-Bosum B KaaumopHmu. O9Ta 30Ha 00pasoBaJachk IO (op-
MHEDOBaHUA KaJbIEPH, 8 Ha NOCTKAJBLIOPHOM 5Tame KOHTPOJMpPOBAJIA
DACIIONIOREHNe SKCTDPysMit W cO3paBajga B HeIpax dTofl CTPYKTYPH S0HH
BHCOKO#l TpeumyHOBaATOCTH, RIOJEL KOTODHX HPOWCXOIMIA ¥ IPOUCXOLUT
LOPKYJAUMS TUIPOTEPMAIBHEX pacTROpoR L27].

llepeopreHTHPORKA MAarMOBHBOIANMX KAHAJOB C IVIyGHMHOH ABJICHIe,
NO-BUIMMOMY , IOCTE&TOYHO OCWUHOEe. Tak, H3y4eHHE IA6K IIOKa3aJo,
YTO OHHE YacTO BOJM3M IOBEPXHOCTH PACMeIVIANTCA HA CEerMeHTH, pac—
OOJIOREHHHE KyJHMCOOOPasHO IPYI' OO OTHOWEHWD K IPYyr'y. 9TO IPONCXO-
IUT 13-38 IIePEOPEeHTUDOBKY IOVl HampAXeHUA Ha MAMHX IVIyOWHAX
{(I1]. Harmammoe IONTBEPRICHIS 9T BHBOIH HNOJLYWAIN IPR U3yYEeHHN
KymosioB lH#o B Kasmjopuun. OCBOBHAA nalika 31ech HMEET IJMHY OKOJIO



11 x¥v u npocTupanme CCB 7°, a Bdmmsm MMOBEePXHOCTY OHA paciuenider-
CA Ha KyJHUCOOGPA3HO DACIOJIOREHHHE COTMEHTH, KOTOpHE MMEPT IpOC—
topanme CB I5-25° [I2]. Usmepmemme Bysixasa TonGaumy Ha KamuaTke
TaKke IIOKasajo, 4YTO OCHOBRHaA muTawmad pailka Ha ruydnHe mMesa
31ech npocTupadue CB 20-220, a OJUKe K IIOBePXHOCTH IPOCTHpPaHHEe
OTHEJBHHX CEI'MeHTOBR HAiiKm HM3MeHANOCHh Ha (B 15-17° (mon memouxoii
KOHYCOB CEBEPHOT'O HmpopwBa) & rajee Ha C3 335-340° (moz ormesnb-
HHME KOHycaMu Kak CeBepHOT'O, Tak M HwHoro mpopwma) [2]). To ects,
37eCh TaKk®e BHUIHO, YTO IpH NPpHOIMEHWE K NOBEPXHOCTH MarmaTUJYecKas
KOJIOHHa IOT KA®IONM KOHYCOM, IO-BHIVMOMY, DacCHEILIAJACE B pasBopa-
UUBaJACh Ha HOCKOJBKO IECATKOB I'DANYCOB.

Bonpocw, KOTOpHe OHJY PAcCMOTPEHH BHME, HECOMHEHHO, TPEeGYyOT
IaJbHelimero nmayueHuwsay HO BCe OHW - I TUNN3AIMA I'e0TepMAJIBHHX
pailoHOB Ha OCHOBE MOMHOCTH 3eMHOIH. KOpH X CKODOCTY €& DacTA®eHmd,

I 3aKOHOMEDHaf MUrpalliil BYJKAHNYECKOHR W TUIPOTEePMANEHON IeATes]b—
HOCTHA B NPOCTPaHCTBE, W IOPEOPMEHTUPOBKS MarMo- U TepMONOIBOI-
MyX KAHAJIOB C IVIyOMHOM IO3ROJANT, NO-BUIAMOMY, yX%e cefidac Gojee
IPSBUJILHO OLESHUTH I'e0TEePMAJIBHHE PEeCyPCH M BECTM PasBeIKy I'e0TepMaJn
HHX MEeCTOpOXIeHuil ¢ HaUMEHBUMME 38TDPaTaMH. -
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[HOnPHCYHOUHHE HOUIUCH

Puc. I. OGnmacTy pacnpoCTPAHEHHA BYJIKAHOTSHHHX IIOPOX IIMOILSH-
YeTEEPTAYHOT'O BO3pAacTa HA HEHTPAJIBHOM YYaCTKe BOCTOWHOH Kanmdar-
KH.. '

I-6 - o6aacTn pacnpoCTpaHeHEs NMOpOoL: I — COBpeMEHHHX; 2 -
CpelHe-BepPXHEeUe TBePTHYHNX (KHCJIOTO COCTaRa); 3 - CpelHe-BepXHE—
9eTBEpTHYHHX (OOHOBHOI'O M CPENHEr0 COCTaBa); 4 — HmEHeueTBep-
THYHEX; O - BEPXHEMNOLEH-IUINOLIOHOBHX; 6 — BEePXHENaJeOI'CHOBHX;
7 - Kansmiepd (a), IyrOBHe DazJIOMH I 30HH TPSHUHOBATOCTH (6); |
8 - I'mppoTepMaJbHES CHCTEMH I TeIJIOBas sneprma, aKKyMyJInpOBaHHaa
ux TopHEMA nopomamm (IO 18 Kal) .

Prc. 2. ByJHaHUYECHKHWe LEGHTPH LEHTPaJBHOI'0 ydYacTKa BOCTOYHOI
KanmuaTrn,

I - Kapumcrmity II — Boanme-CemAumkckmii, Il - Y30HCKO-I'eii3epHHi,
Iy - KpameHVHHUKOBS.

I - npegnosaraevMse I'PAHMIE BYJKAHUYSCKHMX UEHTPOB; 2 - Kalb-
IDepH; 3 — O0OCHEeHHHe KOHTYDH Pa3BHTHA BYJKAHNYECKHX IOPOX;
4 - NEHTPH BYJKAHWYIECKHUX TOCTPOEK (a), KpaTepw, Maapy (G);
5, 6 - mioman#, 3aHATHE IDOCTKAJLISPDHHME BYJIKAHHYECCKAME NIOCTPOi-
kxavm pansefl (5) m moagmaeil (6) @as.

Punc. 3. CxemMH pacnpoCTpaHeHHA TGpMOHpOHBJeHEﬁ B MyTHOBCKOM
7 KvupeyHCKOM IeOTepMalbHHX pajioHax KawmuaTknd.

YcxoBHHE 0GO3HAYEHMA CM. puc. 2.

[Ipamue xmHuE (TpemMHH) H XMHUM ¢ SermTpAxaME (COpOCH) =
TPACCHADYDT I'XyCFMHHHE 30HH DACTAREHAA CEBEPO-BOCTOHHOI'O HPOCTHS ~

HINA.
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13.2.D.

TRALAZ~ \1'.%{:2\ TEOGUBIMECKYE METOTH PASBETKV TROTEPMATEHHX
PECYPCOB

/ I.3.2.1. BBeleHue

'JICTIONBS0ORAHNE TEOTEPMAJLHHX DECYPCOB BO3MOEHO B HACTOSAUEE
BpeMsi Opexle BCEr0 BBHAE DKCILUIyaTallud THAPOTEPMSIBHHX MECTODPOE~
LeHnii. MupoBOfi OIHT NOKA3HBAET, YTO IIpA NX DP&3BEIKE TPEIUHHO-RHA-—
JBHHH XapakTep IMPHYAALNN TEPMaJBHHX BOJ & MONMHHA uexosa 4YeTBEp~
THYHHX OTJOKEHnA 3aTPYLHANT ONPELejeHNe MECTa 3aJO0KEHHA CHBaRUH,
JdeTanpHHe reofuandeCKlE@e HCCIENOBSHLA CIOCOCHH CYMECTBEHHO MOBH-
cnTh S({EeKTUBHOCTH Pa3BEIOYHOIO OypeHWsA. B IaHHOM pasjeJe IIpo-
aHallu3UPOBaHH §U3UYECKNE NPENNOCHIKE NPUMEHEHNs TeOfn3nYeCHUX Me—
TOLOB IIPM Da3BeIKe IUIPOTEPMAJNBHHX MECTODPORIEHNA, 0CGO0CHOBAH BH~
0op paliOHSJIBHOTC NX KOMIUIEKCHDOBAHEUA § NpPNBeeHH NPUMEPH HX me-
IIONB30BaHMA HA I'MIPOTEPMAJBHHX MeCTOPORIEHHAX KamuaTHu.

B nacTosmee BpemAa Ha KamMyaTKe u3BeCTHH 158 Ipymmn TepMOIpO-
apnennfi, cpemr Koropux oKoN0 I00 mMewT TeMIepaTypy CBHIlE 60°C Ha
Tayoure jpo I500 M, a 17 ~ Bume 90°C.. TepManpHHE WCTOYHMKE IIpA-~
YPOYEHH IIPERMYmECTBEHHO K BOCTOWHOMY R lIeHTpPaJbHOMY BYJKaHUYEC~
KUM nosicaM, ¥ paHee -9eTBepPTHYHOMY BYJKaHMYECKOMY paiioHy CpeluH~
HOro xpebTa. Ha I3 TepMOIPOARICHUAX B DPS3HHE T'OJH GHAN BHIOJHE-~
HH Teofu3uveCcHue mccnenoaanngﬁfé”@nsnxaMM'Hponsaon BEHHOI'0 I'e-
onorqugnoro odbennueHna "KaMaaTrewjoruna" u KOJIEKTHESY Jadopa-
TOPHA PernoHaJbHOH reofu3uku MHCTUTYRMS ByJxanosaorus JIBO' AH CCCP

Z?I A.2. 2;7@n3mqecxne IIpeNIOCHJKY IPUMEHEHUA Ieofm3mdeCHUX
METONOB OpH IIONCKE I DPA3BEIKE PGOTCpM&ﬂBHHX Mec—
TOPORINEHUH :

[lpn pasBejlke MeCTOPOENEHNI TepMaJBbHHX EOJ, BHOOD KOMILIEKCA
Teofm3n9e CKNX METOLOB NOJXeH 093MpOBaAThHCA HA IPaBUALHOHI OLEHKE
BIANSAHOSA TEPMANbHHX BOJN Ha (u3W9eCKHe CBOACTBa IOPON KOJIEKTOPA,
OpuauHOi #xX wamenenn§¥¥g$yw OHTHL B OCHOBHOM Tpu fayTopa — TeM-—
meparypa, XUMRYe CHEM awﬂ—sﬁge% TEPMaJIbHHX BOJ, U UX KOJNAYECTEO.
KpoMe TOro, TepMaJbHHE BOJNH BIKANT HA BeJWYUHH IeofH3UYeCHRX
aHOMaJnii B KAYeCTBE CaMOCTOATEABHOI'0 IeOfR3mYeCKOI0 O0BEeKTa. M3
OIINTA. M3y4YeHUA TepMOmposBieHnA KaMiaTHm cuelnyeT, 4TQ nauenemae

Y ORI M (X
Hopox Iox mefcTeaem Qeﬁheﬁi%ﬁﬁ BOJ, 1 OCOGEHHO & fnpo-
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ACXOLAT B’ 30HE ‘IPKyLALAY xf%ﬁénsazzc%aa—m B MaJIOMOIWHOA IPRKOH-
TaTOBOH 30He "cyxux" NOpox. [I05TOMY aHOM&NINN TeOfm3MYeCKUX II0—
Jnefi, cBA3aHHHE C TMAPOTEDPMAJBHO N3MEHEHHHMZ IIOCDOXAaMu, OpRypove—
HH JnGO K- yJacTEaM COBDEMEHHOR MUTDAIuM TepMaylbHHX BOX, JuG0 K
yYacTKaM, T'IEe HOPOINH CAYERMIN KOJJIEKTOPOM TEPMalbHHX BOL B IpOM-
JoM. Hamosee CymeCTBEHHY® 3aBUCHMOCTE OT CTEHeHE BO3neficTBuA
TUIpPOTEPM IPOABIAKT CBOACTBA, oupenenﬂmmme OJIEKTPUIECKAE, MarHU—
THHE W CKODOCTHHE aHOMSJNH.

MarsuTHHE CBOfCTBA. IHMIPOTEPMANBPHOE M3MEHEHWEe IOpOX, Ipel— -
CTaBRIEHHOE CEPHUTH3alMeli I OKBApLEBaHWEM, BEJET K IOHIXSHUD MaIr-

HATHHX CBOACTB, Ta&K KaK Ipm STOM OPOMCXOZUT DE3PYUEHWE MABTHETH-—
Ta. BTOpAYHHE KBAapLUTH, 06pas3ywIMecA IpH IANPOTEPMANBHO METaco- .
MaTRYCCKOM N3MEHEHNH MAarMaTH4YeCKUX MOpPOX, HMOYTH HEMATUHATHH, X0~
T [ePBUYHHE IOPOMH OHAM MAUHATHHMY. IIpn B3auMOIEHCTBUR HIKCJHX

I CJIAGOKHCIHX TEepMalbHHX BOJ C BMEMSnIEMA IIOCPOJAMH IPONCXOINAT
"oCeseHne"™ MOPOJ ¢ IOCJENYRIEM OCPa30BaHMEM KBapila BCIAEICTBUE H3—
OupaTeJBHOTO BHIEJNSUIBAHUA ReJe3a N3 MOPOACOOPasylHuX MHHEDAILOB.
Kpome TOro, IPOMCXONMT IPOLECC "BHMHBSHWA" ®eJe3a W3 MaTeDPWHCKOH
IOpONH TepMalLHHMY BOLaMu, YHocsammi mo 70% ®eje3a B3 HEH3MEHEHHHX
nopqu'[ ] . CnemoBaTesBHO, YyUYACTHN THAPOTEPMAIBHO N3MEHEHHHX
MOpPOJ, IPaKTUYECKY BCEIYIa BHPaRanTCA MOHWREHHHM MATHUTHHM IIOJIEM,
Mop§ooTus KOTOPOTO 38BHCHT OT HOHKDETHHX I'€OJIOIMYSCKHX YCHOBRi.

JaesbHOe SJEHTPMYSCHOe CONPOTHRIGHAE. SJIEX TPOIPOBONHOCTE

NOpOIH IIPE QOHYHHX TeMIepaTypax. OIpefeldeTCs KOoJmdeCTBOM IPUCYT—
cTeypomefl B Hell BogH, €e MEHepalusalueii m XapakTepoM paclpeielie-—
HEs B IOPOjie. [Ipn BeamumHe BISTOHACHIEHHOCTH GoJee 40% COmpoTRB-
JIeHVEe NOPOZH Ha4mHaeT. IOJHOCTED OTPEEaTh CONPOTHBICHEE DPacTBODA.
Ha MeCTODORIEHNMAX TEPMaJbHHX BOJ VIEKTpPUYECKad W XUMMYECKasd aK—
THBHOCTH BOJ IOBHIISETCA NOJ BANAHUEM TeMIepaTypH. C IOBHIEHHEM
TeMIe PaTyPH COIPOTHRIEHAE HACHIEDMETO IOPOLY DACTBOPE SKCIOHEH- |
YaJbHC YOHBAET [ﬂ]_r B eme GOaEmNe# CTENEHM YHCJBHOE COIPOTEBJE—
HOe TepMaldbHOA BOIH YMEHBIAETCA IO MEpe BOBPACTEHUA CTEHECHH MH—
Hepann3alyy IOph JDGOM COJIEBOM COCTaBe (M3MEHEHWE MRHEPaJIu3allyn
Box oT 0,0I jmo I /i MORET NpUBECTH K HMSMEHEHED UX YIEJNBHOI'O GO-
nporrBieHud B 100 pas). OdueBmuHO, B pailoHexX TEIPOTEDMANIBHHX Mec—
TOPOXNEHN MIHIMAJIBHHM CONPOTHBACHUEM OCGNENalnT NOPOJIH, HaCHIEH-
HHE TEpMALBHHMI MUHEP&INSOBAHHHMA BOLAMH .



CKODOCT CODOCTDAHEHUsA YUDYTUX BOJH B HHX _IIODO
TUAPOTEPMAIBHEX MECTOPOEIEHUSAX TPELEHHO~RWIBHOTO THNA YYACTKH Mi—
TDaun TEPMAILHHX BOJ XaDakTeDPUSyNTCH CUIBHO TDPEMUHOBATHME IOpO-
Iamm, NOSTOMy 3LECh MOKHO ORMASTH SHOMAIFHO NOHREEHHHE 3HAUCHISA
cKopocTell. ONHAKO BONPOC. O COOTBETCTBEE YUaCcTHa C SHOMAJIEHO HUS-
KOl CKODOCTHD TRAPOTEPMONONBONALEMY KEHANY DENAeTCA He ONHOBHAY-
' HO W TpeOyeT CHELUANBHHX HCCIEKOBAHUM.

InorHOCTN. e—-BopyFocTRA At € yae.umexmem CTENERN THI~
POTEPMAJNBHHX N3MEHEHNH 3HEUATEJBHO yBENWIUBAETCA IWIOTHOCT — HA

0,3-0,4 v/cM® mo cpaBHeHnm C HeN3MEHCHHHME IODOJiaMi TOTO %e -COC-
TaBa, [bﬁﬂ . C npyroﬁ CTOPOHH, HMENTCHA CBEAEHHA, 9TO BHHOC TEMHO~
IIBe THHX KOMIOHEHT B nponecce THXPOTEPMaJbHHX H3MEHEHUZ IPHUBOZNT
K yMeHBIEHID INOTHOCTA NOPOX. IIpEBHOC BemecCTB@ M3 PAcTBOpa HEC—
KOJIEKO €€ YBeJndYnBacT. KOHOUHHH pe3yABTaT, BHINMO, 3aBUCHT OT
IJNTENHHOCTH HPOLECCa I XUMAYECKOTO COCT@Ba DPacTBOPOB.

CrelaHHHi 0080p IOKA3HBAET, YTO IPA I'HAPOTEPMAILHOM HN3MEHE—
HUM NOPOX yMeHBIEHNE 3HaUeHRi (u3uvecKUX NapaMeTPOB IPOABILAETCA
nocmawoqno MIPOKO, HO HE HMEeeT, OJHaKO, a0COJNINTHOT'C XapaKTepa..

1.3;2.3._Peo@n3mqecnne mocnenoaénua Ha Te0TeDMallbHHX
MeCTODPORIEHAAX KaMIaTKu

8. OnHT IpeimeCcTBOBABINX HCCIENOBaHNH

Vcnons30BaHNe reOfU3MIeCKUX MeTONOB Il PasBEIKH MEGTOPOX~
IeHnfi TepMaJbHHX BOJ, HAYAJO0Ch Ha KavdaTHe B KOHUE 50-X IOZOB Ha
[layweTcKOM m HanaueBCKOM I'€OTEDPMAJIBHHX HNOJAX. B mOGiexymmue I'OIH
Ol B3Y4YeH pAJN I'eOTePMalbHHX MECTOPORNSHE wra KamuaTkm.

Ilo ycnoBusay IMpKyLanEa Bojg B.M.BejoycoB ﬂ 2] sHpeana TpH
OCHOBHHX THI2 THIPOTEPMAIBHHX CUCTEM. Haymercko-Baﬂpaxeﬁcnnﬁ THIL
- BHCOKOTEMIEPaTYpHHIl, C TPEMPHHO-TIOPOBHMY YCJOBHSMM LDK YJLAINN
IlapeTydcKkpii T — HU3KOTEMICpPaATYpPHHA, 30HH pPasIpPy3KH npnypoqenﬂ
K XPYIHEM DaspHBHHM HEPYNEHUAM WY CBOJAM, TAI IMDPKYJAOUA TPelH-
-HO-RUWIBHHI, OYard DPa3IPY3KH TOYEYHOT'O XapakTepa; KomeseBcKmid Tun
~ COBD6MEHHHE TUIPOTEPMalBHHE CHUCTEMH BYJKSHAYECKHX IOCTDOEK.

lipnBesieM mIpuMepPH reo@msmqecxnx paGOT Ha Mecmopomneumax rog-
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PacmoJIOXeHO B I'paGeHONONOCHOH nmonmee p.bBanmoii. llpeodnananmasn
YacTh IPATOKOB TEPMaJIBHHX BOJ, CBA33Ha C 30HAV U TPEMUHAMH, OIE—
pADIEMZA OCHOBHHE Da3JI0MH, & TaK®e HNPUYDPOYEHA K KOHTAKTaM NaeH 1
CYOByJIK aHRYECKIX TeJ C 3fy3uBHO-IMPOKIacTHIcCKIME 1 3(dy3uBHH-
Mz 06pa3oBaHEAME anmeiickoil cepmu. TepMalbHHE BOAH OTHOCATCH X
CYNBDHaTHO-XNOPUHO~-HATPHEBHM TepMaM C MmHepanmsaumefi I,2-1,6 1/1,
MaK cuMaJbHAA TEMIepaTypa, 3alUKCHpoOBaHHAT B CHBamrmHax, 167°C.,

[lo MarHNTHEM T8HHHM OTPALATEJLHHME 2HOMAAWAMA o7, YBEPSHHO
BHIEJANTCA 30HH DPa3JIOMOB, NOABEPTMUAECHA I'UAPOTEPMAJNLHOMY M3MEHE—
HOD, Paspes compoThBieHmi MO JaHuHM B33 mMeeT CBepXy TOHREA maacT
BHCOKOTO compormBiacHna (~ I000 OM.M,), 3aTeM MOmHHH ciofi HUBKOTO
compornBnerna (mo I0 OM.M.), mopcTuiaeMuil TOPH3OHTOM "GeCHOHEU-
HO" BHCOKOT'O CONpPOTHBIEHUA. I'eosoruvecKnil pa3pe3 IO ZaHHHM Oype-—
HBfL HE COOTBETCTBYeT 3TOfl CXeMe, CIENOBATENLHO OCHOBHOE BIINAHUE
HE8 BeJNYHY COIPOTHRICHHSA OKa3HBaET BOJa, €€ MAHEpauu3alyA o TeM—
neparypa. B yonoenax ysKofi pewsofl NONWHH NPUMMEHEHWE I'pPaBUpa3Ben-—
K@ 7 ceficMOpasBenKK HELENECO00p&3HO. Pe3YIBTaTH 2JEKTpO~ 1 Mar-
HUTOPa3BeNOUYHHX DP200T OK&3a/UCh ZOCTaTOUHO ofifbe K TUBHBMA o

HomeJieBCROe IeQTEPMALBHOE MECTOPORICHNE DaCIOJaraeTca Ha
CKJIOHax KomeJeBCKOI'0 BYJIKS8HHYECHKOT'O MACCHBa. BeCh n3ydYeHHH: pas—
pe3 palloHa NpefCcTaBleH BYJIKGHATaMV aHIE3NTO-Ca3albTOBOT0 COCTa—
Ba, CYNECTBEHHO N3MEHEHHHMW. B pesyapTaTe ruippoTepMalbpHOfi mepe-
padoTHA Bce mapaMeTpH §M3m4eCKEX CBOACTB MMENT HNOHMECHHHE a0CO—
JIOTHHE 3HEYEHHA W MEPOKMi JAMams3oH. TaK, MarHuTHaA BOCHPUUMIN-—
BOCTE JI8B m3menseTcea oT 0 mo 900x10'6 CICM, & mnoTHOCTE - OT 1,3
o 2,2 r/cM°. YCTaHOBNEHH JuHEeHHHE OTPALATEJbHHE MATHUTHHE 8HO-
Mg, CBASAHHHE C NPOTAREHHHMZ TEKTOHWYSCKUMM HapyUSHRAMA W 30—
HAMR W3MEHEHHHX nopon. IIo naHHHM B33 Ha Beefl miomany BHEEJNCHS
TOJI2 IOpON C conporrBieHueM a0 20 OM.M, KOTOpaf BHXOOWT Ha NIO—
BEPXHOCTH HA YUY3CTKAX COBPEMEHHEX TEDMONPOSRIEHAH. JCHSMHO IpOm-
Jii ONHTHHe DPaGOTH IO HeNPEeDHBHOMY YaCTOTHOMY B0HIUPOBaHWW. Bce
[IPOJYK TRBHHE cxnammﬁn DACIOJOKCHH B 3CHAX HEBKOTO CONPOTHRICHNA
(mMenee 20 Om.m).

KOJEKAX CaMOCTOsTeNbHHX yYaCTKOB, PACHOJIONEHHHX B IIPeJIeJlax CTPYH-~
TypHO#l mempeccun p.llapaTyHKn. TepuanbHHE BOIZH CyJABfaTHO-HATPHE-
BHe ¢ MmHepanmsaumei 0,9-2,2 I/a ¥ MakcuManbHOf TeMmepaTypoh 10



i

IOSOC. Ilo IaHHHM M2THHUTO- X CeicMOpa3BeIKU XOPOIMO 'BHUEAANTCA UH-
TPY3UBHHE 1 axcwpyznnnne odpasoBaHna. llo rpaBEMETPAYECKUM NaHHHM
§uK cupynTCa OTHOCETGMBHO MOIHATHE U ONYMEHHHE OJOKH ¢yHpameHTa 1
OPTOTOHANBHAA CHCTEMA PasJOMOB, C MecTaMy IepeCedeHAs HOTODHX CBfA-
8aHH BCE YJacCTHY HOBGpXHOCTHHX Te PMONPOABIEHUA B noJuHe peKn Ila-
PaTyHHH, Peoaneumpmqecxmn paspes B OCHOBHOM TpeXCﬂoﬁHﬂﬁ (pmc.1 )e
Bepxupii cJ0f MOMHOCTE 25-75M CO CDEZHIM YHELBHHM CONDOTUBIEHNEM

' 200-300 OM. M, OXBaTHBAET aJIOBAALBHEHE 1 BanyHHo-raneqHHe OTnoxe-
Hos, Mompmii (mo 400M) IODESOHT NOHRREHHOIO COmpOTERIEHmA (IO-
4010M.M) coomaeTcTByeT aneBponnTaM, KOHIVIONEpaTaM I BepxHeil 4ac-
Tl KOPGHHHX HODOZ, odnonHeHHHx TEPMAIBHEME 1 CMEMaHHHMEA BOKaMY .
OmopHH, T'OPM30HT BHCOKOI'O CONPOTHRIEHNUS CBASSH C MaJO-TDEMUHOBA—
THMZ KODEHHHME HOPOZAMM. KOHTYDH BOHH HESKUX cONpoTkBlcHu (<30
OM.M) B OGmEX 9€pTaX NOBTOPANT OYEPTaHWA BHCOKOTEMIEDPATYPHOH 30-
mH (Gonge 50°C). HonydernHe Ha IapaTyHCKOM MeCGTODORIGHAN Teofn—
37YECKNE JAHHHE MO IEQJOTWYECKOMY CTPOSHUD W TEKTOHUKE paiioHa xo-
POMC COIVIADYWTCA C Pe3yibTc¥avm OypeHud. IIo ceficMUYeCKEM TaHHHM
@nxcmpymwcﬂ TEK TOHAYE CKHE Hapymeﬂnﬂ, HEKOTOPHE U3 HUX ABLADTCA
TePMOBHBOIAINMY . BOJIBMUHCTBO NPOLYKTHBHHX CHBSRUH DACIOJOEEHO B
30HE MOHMEEHHOTO COIPOTHBICHMNA.

IlpneencHHHE IPUMEPH CBUISTEABCTBYOT 06~3®®83THBHOCTE npuMe—
HeHua reoduSu4eCHEX METONOB IIPW IOHCKE ¢ DasBEAKE MECTOPOXLEHMA
TEepPMaJBHHX BOK. Ilo oncHEaM \reefwsnuon-Hro—Kearrarrceacrnal, 33%
CKBSKHH, S8JIOKCHHHX IO I'eOfu3U9ECKEM I8HHHM, OKa3alucCh NPOLYKTHE-
HHMI Cnenn@mqecxme-qepmn T'SOTEPMANBHHX MECTOPORIEHR BHARLANT—
Cfi Heé BCEINa OINHOBHEYHO, IOSTOMY COBEPIEHHO Heodxonnmo opuMeHe-
HIe HOMILIEKca reo@manq903nx Meanon.

6 MeTonuxa Homnmencnﬂx reo@usmqecnnx mccnenosanmm

OnnpaﬂCL Ha OINHNT, reofu3nvyecKux pacoT HA TUIPOTEPMAJLHHX MeC—
TOPORIEHUAX MHpa U, B INEDPBYD 09epelb, KaMvuaTHn, MH Da3padoTaln
METONUKY UCCIEeNOBaHmil, KOTOpasa OHJa IpUIMEeHeHa Ha JCCOBCKOM, AHa-
BrajickoM n Iym@HCKOM I'€OTEPMAJBHHX MECTODOKIEHMAR [@:], bunn BH-
OpaHH METONH N YCT2HOBIEHA IOCIEH0BATENHHOCTh KX HpOBeleHnd. Ha
-IIEPBOM 3TaN€ BHIOJHALACE IIOMaIHaA MaTHHTHas CHeMHa, 3aTeM DJCH-—
Tpopa3BelKa MeToxmoM B33 m'ceﬁcmopaanenxa KMIB. Teras nocrenoBa-.
TeJBHOCTh padoT OHia Hamgojee axonommqnom Tak Kak 3HaHWe IUIomaj-
HOT'O' paclpelesicHIA MATHATHHX anomannﬁ IO3BOJRJIOC PallOHANBHC BH—



6mpaTh cmcmemy'nadﬂmnennﬁ i/ Heodxonnmuu odﬁem Goee “TAmeaHx" Me—
TOLOB.,

MarauTHag CheMKa_Ha ILOWamy MeCTopoxneﬁmu N03BOIRAS BHIEJNATH
30HH TTAPOTEPMAIBHO H3MEHEHHHX IIODON, SOHH TEKTOHHMYECKUX Hapymle-
HUf ¥ OCHADYRUTH RHTDYSUBHHE MaTHATHHE Tesla, NePEKPHTHE OCalod-
HHM 9exJioM, CBeMKa BHIOJHAJACH IO CETRH npo@mmem pY PaCCTOAHNN
MeRIy HEMZ 200M 7 MeEIy TOUYKaMn H3MepeHmii —~ 50M. Ha ydYacTKax BH-
COKUX TDSIUEHTOB N IEPCICKTHBHHX HA TEPMANbHHE BOZH (IO KOMIUIEK—
Cy METOLOB) IPOBOIMIACE Jerann3auys no ceTd IOXIOM. TowHOCTE CBeM-—
K@ 0 TOBTODHHM R KOHTDOJBHHM IyHKTaM Chna He xyxe +I1,0uTa. Io-
CKOJIBKY OCHOEHYND IDIOMSIb CHEMKH COCTSRLANN INIOCKNE DEUHHS JLOJHHH,
IIONIPARKN Ha penbeld He BBOIWJIUCEH.

JINeKTpopa3BeNOYHHe _DaCOTH HaAUpPSBICHH HA YCTaHOBIEGHUE 006jac—
Tell HABKOTO CONPOTHRICHHA, COOTBETCTBYNNUX 30HAM I'MIPOTEDMAILHOR
IepepaGoTKN NOpoxk (mepBHe AecATHEM OM M) B SOHaM AXKYMyJLALAR X
pa3TpysKu TepMaabHHx Box (mo emmmumn OM.M). MCmONB30BalOCh B OC-
HOBHOM BEPTHK&IBHOE DJCKTPHYeCKOE SOHOUPOBAHME II0 OCUENpPHHATOH
MeTOHUKEe , BelmupHa pasHOCOB nuTewmux JauHuil cocramnaauna I,5-2,0HM,
paccroanue Memny nyakTavm BO3 0,2KM. J3Kme IOJMHH 3aTPYIOHANR BH—
IOJIHEHAE KPECTCBHX PaCCTaHOBOK. Ha IIymwHCKOM MeCTODORIEHAE B ONH-
THOM IODFAJKE BHOOJHEHO MHIYKLUHOHHOS YaCTOTHOS 3O0HNUWPOBAHWE, IIO
ozHo#i Tpacce IONAYYEeHa SaBUCHMOCTH Kaxyulerocs CONPCTHBJICHAA .OT dYa—
CTOTH, 10 IPyIofi — OT pacCTOAHUA MEKAY TEHTpyImoll ¥ IpueMHWKOM.
VHEYRImMOHHH MeTOX IO3BONACT NOJYYATH HHYOPMALED O COJBMAX IVy—
OyHeX IpR DPa3HOCaX, COM3MEpEMHX ¢ B33, n MeHBINX (NSHYSCHUX 38—
TpaTax. KolrYeCTBeHHaA MHTEDIpETallA NPOM3BOXWIACh Iafie TOYHHM
CIIOCOO0M. |

CeficMopa3BeLOYHHE gagowndnonmnu OHJ: OIPEeNENUTH cwpyxmypy
ceficMiYecKux Tpanmy (0 IMIyOHH BEPXHEMEJOBOTO (yHmaMeHTa), BHEE—
JOTH 30HH TPEMMHOBATOCTH, IONBEDECHHEE IMIPOTECPMANBHOMY BO3ZeficT-—
BUD, I 30HH pa3jOMOB, NEpPEIEKTHBHHE Ha ICJyYeHHE TOpAveil BOIH.

Ha yYacTKax €CTeCTBEHHHX BHXOZOB TEPMAJLHHX BOJN GHIZ BHUOJ-
HEHH ONHTHO-METOZUYcCKUE DPadoTH. JICIONB30BANSCEH MpoduIbHAsA CHC—
TeMa HaGnomeHmii KMIB, BEIDYANNAs IPOLOALHOE U HENPOJOJLHOE HPO—
GunmpoBamme ¢ marom 50-I00m. LA ompeXeseHms CHOpPOCTHHX IapaMeT-
POB BepxHefl 4acTm pa3pes3a, YTOUHEHWS NOJIOKSHAA paéaoMoa U @X Ipo~
cTapanms OHn BHOpeH mar I0-20M.” BceTo Ha TPeX MECTODPOXNEHUAX BH—
noaHeHo 60EM mpofmnefi, #3 Hmx ISKM OTPaGOTaHH C mMarcM HaGnoIcHRH



10-20M. PaGoTH BHIONHAANCH C HOMONBD CeiiCMODa3BEIOUHHX CTaHUR
tyna “Oomck" - KMIOB, CMO-KMIB. Bspusx mompocTsd OT I mo IORT BH-
IONHANACH B INypaX IVLyOHHOMN no 2m, a mouHocTho 0T I0 mo 300xr -
B’ CIELMALBHO IOLTOTORICHHHX Mypdax B KOTIOBAHAX, B2MO0JHEHHHX BO-
zofi., PaGoTH, BHIONNEHHHE HA MECTODORISHMM 9CCO, TIE GHAN IPOCY—
PEHH BaBEPOVYHHE CHBAEUHH, LNOSBOJAWIN HaMETHTEH HECKOJBKO BOJHOBHX
IPN3HoK0B, XapAKTEPHHX Il 30H HOHIIGHTDalM¥ TRAPOTEPMANEHOR Nea~
TENEHCCTH. OCHOBHHMA SIBAOTCA DA3PHBH KOPPEJANUN ODA YBENRYEHRH
gacTor Ko 30 IN; oHOMAIBHOE 3aTyXeHUe CefiCMHYeCKUX BOJH W DPEBKOE
USMEHEHNE KaRyUuXCA cnopocweﬁ HQ' KODOTHEX yYaCTKaX NDOFmIid.

B. Pesymbwawn KOMILIEK CHOfL reenornqecxoﬁ.mnwepnpewaunm TEO—
fuspdecKnX JAHHHX HaQ JCCOBCKOM MECTODORIEHHN TepMaIBHHX BOX.

'3CCOBCKEE W AHaBrailCKue TePMONPOABICHNS OTHOCATCA K "€NUHON
JCCOBCKO-DBHCTPUHCKO I'IAPOTEPMANbHO cucTeMe I IPHYPOYEeHH K BO-
IOHANCPHHM THRPOTEOJNOTHYE CUM CTPYKTYPaM TDEIUHHO—XUIBHOTO THIA.

ComocTaBneHre reocfn3uYeCKyUX NaHHHX B De3yAbTaTOB OypeHns
II03BOJIIJIO NOCTPOUTH CBOJIHHE I'€0JOT0-TreofuSnYeCKre DPa3peBH ICCOB—
CKOTO MecTOpormeHHa (pmc,Z ). Ilo ceficMpyeCKUM IaHHHM HauGoles IO
HO IPOCJEREHa TPAHMLA CO CKODPOCTAMH 2,6-3,6 KM/C, KOTOpas Xapak—
TEPU3YeT KPOBMD BYJHKaHOTECHHO~OCHIOUHHX o0pasoBannii anuefickoid ce-
pau, InyouHa eé 3aneranma 30-I50M. BepxHHE KDPOMHE MAUHATOSKTHB-
HHX T€J UMEWT Te Re IVIyOWHH, 1 HEKOTODHE OCJOMHEHWA Denbeda KpOB-
Jn anneificKOd TOJmE NPENCTABAALT cOO0fl RGO UMHTPY3UBHHE JMGO 3KC-—
TPY3UBHHE TEJla aH/Ie3UTOBOTO 1JlK _prOAMTOBOTO cocTaBa (omHa B3 gH-
Ze3UTOBHX sxcmpyamﬁ Bcnpnwa CKBagwHOA 17 Ha rayouds 30M)., B pas—
pese CONPOTRBIEHMH COOTBETCTBYWNaA IpaHMNa pasiela OTCYyTCIBYeT.

Bepxuaa 4acThk paspesa, XapakTepu3ynlasacsa 3HaYeHHAMA CKOPOC-—
refl 2,I-2,8 KM/c, COOTBETCTBYET 0GBOZHEHHOR acTH' TOJUY DHXJIHX
quBemeqHHx ornomeﬁnm. Bepxnaﬂ ceilcvmyecKaa TpaHmIE (CHOpOCTB
2;4—% ,6 KM/ c) xopomo coananaem C HUEHE} TrpaHmned 06nacTm BHCOKEX
_3HAUeHZl KEXYMEToCH CONDOTHRICHRA U JKASHBAeT yPOBEHbH B3aleTaHud
3epxala TPYHTOBHX BOZ H2 IIONaN¥ MECTOPORNEHNA,

Humuana ceficMmdyecras TDaHUIA OTMEYAETCA TONBKO B ceBepHou ug-
CTR MECTODOXIEHNA Ha nnydnHe‘500—720M, TDaHNYHas CKOPOCTH 4,0-
4,6 B¥M/c. IpeAnONORNTENAEHO OHE OTHOCHTCA X KDOBJE BEPXHEMEJIOBOTO-
IIAEOTeHOBOTO (yHIAMeHTa. | |

HoCKONBKY JCCOBCKOE MECTODORIEHWE OTHOCHTCA K TPEMMHHO-RIJIE—
HOMy THIY, MaKCHMAIBHOE BHUMAHWE GHJO YAEJNEHO BHLEJICHAD TEKTOHM-



JeCHAX HapyleHmil pa3HOro nopAzka. o XapTam rpafAKoB BepTHKAlb-—
Hofi cocTamnapmeil MATHATHOTO NOJA BHNEJCHH IpeJIOJaTacMHe BOHH Ho—
pymennii (prc. * ), DAJ KOTOPHX HOINTBEPRIEH CeilcMOpasBemOYHHMA '
IeHHHMZ. B B0HAX nepeceveHnA HapymeHmil pa3imvHOTO HampaBieHus Ha-
n60nce BEPOATHO IOAYYEHNE TEPMAABHHX BOJ, 9YTO HMOINTBEDXKLAETCA yC-
IEMEHM GypeHueM ckBamuH 12, 20, 7, 16, I7 B mpejienax lleHTpanbHO~
T'0 TEKTOHMYECKOTO yana. SHawWTeJbHOE KOJMYeCTBO HOPYyHEHUl CHIBa+
HO C BHEJpeHHWeM CYOIIaCTOBHX WM BSKCTPYSHBHHX Teld. OHE mMERT Pa3HO-
.00pasHyl ODHEHTEDOBKY U MALyD IVyCRHHOCTS.

Ilpn BupeNeHNW YYACTKOB, NEPCIEKTHBENX HA OOHADYKEHVE TEDMO—
BHBOJAIUX 30H, YUUTHBAICA CJAeHyDUHA KOMIUIOKC NDU3HaKOB: a) amHeli-
HHe OTDHIATEJbHHE MarHITHHE aHOMaJuh; G) 30HH HUSKHX CONDOTHRJE—
Hoil, NCKa®eHHHE, HEMHTEPHPETHDYeMHe KpWBHe BO3; B) BOHH NOHEEEH-
HHX T'DSHE9HEX CHOpOCTefi; I') TEKTOHMYECKME HapyueHnd mo reofusm—
geCKuM ASHEHM,. OfHEM K3 ISPBOOYEPENHHX MECT LJA 3al0KCHAS CKBa—
®VH OH OmpejelieH pafiox mpofmis II marmcrpanm I (puc. 3 ). 3oma
HNOHURCHHHX 3HaueHmil Kemympxcd comporumiesnsi (mo 8 OM.M,) HMeeT
3JleCh MUHZMAIBHYD IVyOuHY OXoJo 100M, MpHEMYyM MAIHHTHOI'O IOJNA K
SHOMAJIMA COIPOTURNCHUI OTpaganT CKOpee BCETO OJR3NOBEDXHOCTHHE
SOHH PaCTCKaHHA TEDMSJBHHX BOZL. [0 MArW M ¥ ’HHM W CeliCMIIECKHM
JIGHHHM BHICJCHH Das3joMH, yXOndmpge Ha TMyGuHy oroao I00m. Ilo BTO-
poii ceficMudecKoil T'paHulEe OTMEYaeTCA HOHMREHNE TPAHNYHOL CHOPOCTH
o 2,6 ¥KM/c, CrBemnHa 12, 3alOXeHHasA B TOUKE NepeCEeUcHUA BHOEJCH-
EHX pa3JIOMOB Jajla SHAUUTEJbHHI BOINONPUTOK C IVIyOUHH OKoJio 600M
opy TeMIepaType BOIH Ha 3a0o0e 74,500, CxXouHHM COYETOHUEM NPU3HA—
KOB 0GnananT yJyaCcTKm, BHueJNeHHHe B palione npodmiasa 15 Bropodl ma—
racTpann B npofmieii I2-I4 TpeTkefi MarmcTpalu. B Openesax BHIEJCH-
HHX HAMV NEPCIEXTHBHHX YIACTKOB GHAW IpOOYPEHH 6 CKBaxwH, IATH
B3 KOTODHX (cxBamman 12,20,7,16,17) oXa3aanch BHCOKO-IPOIYK THB-
HEMP C TeMiIepaTypoii Ha rayomHe 72—77°C CkBempHa 18 nmana maauii
neme opr TeMiepaTtype 53, 6°C Ha U3JIuBe, 4TO CBA3AHO, IO~BHANUMO-
My, C TEM, YTO OHA OHJla 3alOKEHa B CTOPOHE OT TEKTOHRUECKUX Ha—
PymeHui, BHICJEHHHX IO I'ec{n3MYcCKUM ToHHHM,. AHAIOTHYHHE DPEsylb—
TaTH NOJYYSHH HA AHaBraiickoMm u I[fymzHCKOM Mecwopomnennﬂx, Cmeme~
HUA CKBaRUH II0 TEXHOJOTHYECKUM IPUYHHAM OT YKA38HHHX TOYEK 3aj0-
REHEA B pAlle CIy4YaeB NPEBOLUIO K HeynadaM.

Taxum o0pa3omM, GypeHme HO SCCOBCKOM MECTOPORIEHUU IOXaBadlo .
IIPaBuJbLHOCTS HPUTEPHEB BHOOPa NEPCNEKTUBHHX HA TEPMaIBHYD BOLY



yuacTkoB, Bongmoe IONCKOBOE SHAUEHME UMEDT 30HH NOHUKEHHHX COIPO—
rusacHad, (MeHee 20 OM.M.). BOJBIHHCTBO CKBagHMH, BCKDHEINX HN3KO-
OMHHE B3OHH, HMENT OOABMON ZeOuT camom3jnBa Ipu BHCOROH Temmepary-
pe BozH (cxBamumn 12,20,16), CylieCTBEHHHM OKA3alOCh Da3MCLEHNE
CKBa®UH BOLE3Y WM HEUNOCPENCTBEHHC HA TEKTOHNYECKNX HApYMEHHAX,
ROTOPHG BHIEJAANNCE 10 celicMmYeCHUM H MaTHNTOPA3BEIOUYHHEM I2HHHM,
KOCBoHHHMY IIPH3HAKaMA CTEIEHV M3MEHEHHOCTH HOPOX CAYRWIN NMHTEHCHB-
HOCTPH OTDUIATENBHHX MATHUTHHX AHOMaJEH 1 yMeHBHEHIZE CKOpOCTH Cceii—-
CMAYE CKRX BOJH, BCe 30HH, BHIEAAEMHE B KaYeCTBe HEPCHEK THBHHX,
OTIHYanTCA QHOMANBHHME IIapaMeTpaMy IIC BCEM m3yvaeMHM (m3Wye CKuM
CBoficTBaM.

T.4.2.4, Banmmqénne

Jcnonp30BaNEHll KOMIIEKC Teofn3nIeCKUX WCCleNOBaHui reoTep-
MaJBHHX MecTOpoxuneHmili nan cpepuwio 3§{eXTUBHOCTH Ha TPEX MECTOPOR—
neuusax 60%. PadoTH, CTOMMOCTE KOTODHX DSBHA CTOHMMOCTH OJHOH CKBe—
ROHH, HO3BOJJR 357aBAaTh BHCOKONPOLYK THBHHE CHKBORUHH C BHCOXKOM
BEPOATHOCTEN YILA4HOI'O De3yapTara, ECTECTBEHHO, 4TO Ieofm3uIecKme
IeHHHE NOJFHH PacCMaTpBaThCA B COYETAHHU C TUAPOTE OJLOTHYE CKEMA ,
. TeoMOPYONOTHIECRAMY ° CTPYKTYPHHEME IPESHaKaMW, OOCKOJIBKY Jame ca—
Muli mOAHHA HaG0p ONPCOOBSHHEHEX N IPOBEPEHHHX KPAUTCPUEB HE JAET IOJ—
HO# TapaHTHR yCIeXa.

BHIIOJIHEHHHE TEODU3MYECKNEe NCCIELOBAHRA HE MMeRW IEABD BHAB—
JIeHie BO3MOXHHX HCTOYHEKOB HarpeBa BoZ. OHaKO, HaM IpPefCTaBlfA-
eTcA IpaBoMepHOHl quna 3peHusa 06 y4aCTHE B 00DPa30BaHUN THHPOTEPM
TEILIOBHX IO0Jie# MHTPY3VMBHHX KaMmep M, BOBMOXHO, HepudiepryecKux Mar-
MATHYECKAX 04YSTOB BYJAKAHOB (mid TROPOTEpM Ha2 CHJIOHSX &K THBHHX By-
JKQHOE, HalpuMep, Koménescnoro)[gp@. MaTMaTHYeCKne 0Yary BYIHa—
HOB IOJIXHH PacCMATPUBATHCH M KoK HENOCPELCTBEHHHE MCTOUYHAKN TEC—
TEPMANLHOY BHEPINH, B CBAASE C UYeM Hamy IIPOBOIATCA palOTH IO nsy-
YeHpn IVIyOMHHOT'0 CTPOCHNAS DANA aK THBHHX BYJKaHOB KaMaaTKn [sz .



TIOTPYCYHOWHKE TIOMIVCH

' Pue. ' . Teonoro-reofmsudecyuil paspes mo mpodmao I9 Ha Ma- -
paTyHcxom mMecropoxnenmn (mo I.M.3afineBy, 1969). a - Ieomormvecknd)
paspes 1o ckBagpHay 12~I10: I — IeCYSHOTANEYHHE, TPaBuilHHE OTIO-
 ®meHmA; 2 — TYIH aHNE3NWTOB I aHNE3ATC-02381bTOB; 3 - GasalbTH; 4 —
IuopuTORHEe mOpiupuTH; 5 — KBaplieBHE IJROPUTH; 6 ~ aJeBPOJNTH; 7 —
aHLE3ATH; 8 — KOHIVIOMEepaTH; 9 — 30HH IJpobneHus; 10 - paspuBHHGE
HapymeHnd. 6 — ]?eosnempmqecmn paspe3 n rpefuKn AZ u ag 3 I -
TOUKK DB23; 2 — I'paHal DOPU30OHTOB CONPCTUBIEHHA; 3 —~ NPEJOMILINNIUE
TpaHrUH NIC JoHHEM KUIB; 4 —~ TeXTOHHYECHNE HapyuleHHA IO Teofu3u—
YGCKNM JAHHEM; 5 — T'DaHUIH YYACTKOB C Pas3JdYHHM YIeJABHHM CONIpPO—
TUBMEHUEM; 6 — JMHEA aCClECC MUHUMYMOB P« Ha HPUBHX B23. B - Pas-
Pe3 Raxymmxcsa CONpOTuRICHUA

Puc. 2 . CBogHHE Teosoro-reodm3mIecKnc pa3pesH N0 Hpodiusiam
gepes casammm 6-19(a) n I8-I5(6) ICCOBCKOTC TEOTEPMANBHOTO MEC—
Topomenma oaIII'I‘pEXOBaHH 00JM8CTH MOHWEEHHOT'O COIPOTHBJICHUA, LN{~
PH ¥ CHBagWHH O3HEUYALT JEOHMT, TeMmepaTypy (B cKoOKax) m MmHepa-
amaanun (B 3HamMeHaTese) TepMalbHONl BODH. I — COBpeMEHHHE BaJyH-
HO~-TaJeYHHKOBHE PEeYHHE OTJORCHMA; 2 — BEDXHEUCTBEPTHYHHE BOGHO-
JeIHNKOBHE OTJIOMEHUS; IOPOIH alneiicKod cepums 3-S5 — Ty{H cMEllaH~
HOI'0 COCT&8BA; 6 ~ HPYNHO-OCJOMOYHHE SHUE3HTO-0232JbTCBHE TYWH
7 - YeTEEPTHYHHE SKCTPy3HuR 1 CyOmnacToBHe Teja; 8 - pa:monm, upen-
NONaT2eMHE U BCKDHTHE CHRBamUHAMY.

Pac. 3 . Cxema pa3pHBHHX Hapymennm Sccoscnoro reowepma.umo-
T'0 MeCTOPORIEHNA N0 Teofm3nye CKuM naHHmw/ I - TexTORMUECKHE Ha-
PYmEHAA II0 MAaUHWTC~Da3BEIOYHHM JaHHHM; < — Da3JIOMH IO ceficMudec—
KOM [GHEHM: 8 — HEeTVIyGOKOTO SAlOXCHUS, G- IO OCHOBHOf IpeNOMIAR-
meid TpaHuUe; 3 — 30HH NOHURCHHHX 3HAUYEHU [T 4 -~ CKBagmpy; 5 -
TEPMAILHEE HNCTOYHAKH
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RNfAZ 13,3, TeoxyMudecKkie METONH IOMCKOB I'® OTE@PMAaJBHHX DECyDPCOB

B HocjyelHne NeCATWIETHA B oGJIACTAX COBPEMEHHOI'O BYJIKaHW3Ma
GHJIM NPOBeIEHH pPasHOCTOPOHHUE I'eOXMMUYeCKMe KccJieloBarusa (liBaHoB,
1960, 1976; HaGoro, 1974, I1980; ABepres, 1964; backo, CypuKoB,
1975,1990; Bagmu, CyrpodoB, 1972; Koxoxos, 1983; Iammypa, I98I,
1985; Tapar, 1990; Smmc, 1965,1970; Arnorsson, Sigurdsson, 1982;
D'Amore, Panichi, I980; Craig, 1963; Giggenbach, I980; Ellis,
Makon, I977; Fournier, 1977 Fridleifsson, I1979; Henley, Ellis,
1983; Makon, Mc Dowell, I977; Lupton, 1976, Muffler, I975; Nakamura,
Sumi, Ozawa, I977; Sigvaidason-, 1966, 1979; Truesdell; I975; Trues-
se1l, Singers, I974; White, Muffler, Truesdell, I97I; White, I957,
1970, I98I u Ip.), KOTODPHE NaJyy HOBHE BakHHE MaTépnéﬂH, 3HAYATEJBHO
pacupeBle X BO MHOTOM W3MeHNBHME pasee CymeCTBOBaBUE IpencTaBJe—
HHF O PacIpOCTDaHEHHH, COCTABE ¥ TeHe3NCe TepMAaJbHHX BOX. lloJydeH-
HHe IaHHHe II03BOJANT TaKKe BHABUTH HawCoJee INEepCHIeKTHBHHE MecTO-
POXIEHNA TepPMaJIbHHX BOL M IIADOI'MIPOTEPM C IOMOUBK MX XMMUYeCKO
THIM3ALME ¥ ONpenesaTh IVIyCMHHHE TEMIEpPATypPH 0 I'eOXMMIYECKUM
IHIMKATOpaM.

ZZ%%ﬁ,I Kraccuduxaysa TepM IO UX XMMHYECKOMY COCTaBY

X TeMIepaType

BHJIO yCTAHOBJEHO, YTO B 3aBACHMOCTH OT COUYETAHUS I'€0JIOTHYeC—
KNX, THOPOTEOJNOTMYECKHEX, TeOXVMHYECKUX X IeOTEepPMUYECKHUX yCJOBMi
GOPMUPYOTCA XapaxkTepHHe TUIH TepMaldbHHX BOI ¥ IEApOrHIpOTEpM. ITH
TUIH BHOEJANTCA HaMy IPeXle BCero II0 mX I'a30BOMy COCTaBy H TeMIie—
parype, a Ijad OoJiee NPOCHOT'O NEJISHWA UCIOJb3YWTCA TaK¥e AHMOHHHIL
COCTaB ¥ BeJWYMHA MuHepamisanmy (Tasi. ). VX pasimyss omopemnesig-
0TCA IPOCTDAHCTBEHHHM IOJOXEHNEM THIDOTEPMANbHON CHCTEeMH OTHOCH-
TeJBHO BYJKAHWYECKOTO ovYara, yCJOBHEM ee TeIUIOBOI'O NUTAHUA, IepBO-
HavaJgpHHM COCTABOM BOL, IIOPOJ, & TaKke MarMaTWYeCKUX SKCTaJAumit

¥ MHTEHCHMBHOCTLEI IIOCTYIVIEHHS IIOCJEIH¥X B ION36MHHE BOIH.



B pesyiupTare QopMupywTCA DPA3JMYHHE THIH TepM, KOTOpHE MOTYT

GHTH NCIOJH30BAHH IJIA TeX WM MHHX MPaKTHISCKUX LeJsell.

AR0THO-METaHOBHE U METaHOBHE ¥JIOpUOHHE HATPHMEBO-KaJblMEBHE TEp-

MH C MUHepanusauueil mo 25 r/kr u TemmepaTypoit OKOJO 50°C Ha ray-
6ude I kM BCTpeuanTCA BO MHOMMX paiioHax TuxooxkeaHckoit, Cpepusem-
HoMopc kot 1 BocrouHo-AfpuraHcko#t mpoBuHUMii. OHM pPa3BUTH B apTe3uaH-
CKUB 6acceliHaX MEXTPOpPHHX BHaOUH U GOPMUPYOTCA OOHUHO BHE cdeps aKTUB-
HOT'O BORIelCTBUA BYJIKAHUYECKUX MpoueccoB. H aTomy Tully OoTHOCATCH,
HalpuMep, WKMPOKO W3BECTHHE METaHOBHE U a30THO-MeTaHOBHE BOIW fmoHum,
BCKDHTHE B MMOLIEH-TUIMOLIEHOBHX OTJOXKEHUAX BMIaguMH AKuTO ¥ HaHTo Ha
0.XOHCH, a TaKke uvMepliive aHaNOTUUHHI COCTaB TEpPMAJIbHHE BOJIH Mexkcuxu
pacnpoCTpaHeHHHe B KafiHO30WCKMUX OTJIOXEeHUAX, obpamisomux HamudopHuit-
ckuit ¥ MexcuraHCKuil 3ajMBH. B KOHTMHEHTANbHHX M MEXKOHTMHEHTAJbHHX
PUPTOBHX 30HHX C UE3JIOM OCAJIOUHHX [10POJ, COJEpXKalluX BBOMNOPUTH, IIPU
BHEJpPEeHM! MaHMATUUECKMX ouaroB B apTe3uaHCKue 6accellHn ¢ MeTaHOBHMU
BOJlaMi 00pas3ynTCcs HeoOhUHhHEe MEHAHOBHE MapOorXIpOTEepMe C MUHepaau3a-
uueit 200 r/Kr ¥ NOBHIEHHHM CONEPKAHMEM DYAHHX KOMIOHEHTOB (Hamnpumep,
HEKOTOpHe TUApoTepMasibHuHe cucTeMu pupToBHX 30H HanupopHuitckoro samn-
Ba U BocTouHoit Adpuxu).

AsorHue wenounwe (pH 8-I0), manomuHepanusosauuwe (< I,5 r/x)
TepMH C TEMNEeparypoil Ha BHXOLE HUKEe TOUKM KUIEHUA, a HA TIyOUHE i~
fignee I50°C paclpOoCTpaHeHH IIPEUMYymMEeCTBEHHO B I'MApPOreoao@ruuecKkux
MaccrBax 3a IpejejamMyd pailOHOB COBPEMEHHOT'o ByJakaHusaMa. O6umit BeHOC
TEIUIA B Ouarax UX pas3rpy3Ku uMmeeT MNOPALOK 105 kan/c. asoHachmeHue
9TUX BOJ, HU3K@E, I8 noury ueaukom (95-99% 06) cocTour U3 asora.

TepMb - UMEDT TEepeXOiHHE 3HAUEHUA Ek orlI0 mo I60 mB. Mecropoxmenus

a30THEX TepM (OPMUPYOTCA B 30HAX APOGIEHUA MATMATUUECKAX U METaMOD—
(Puct

uueckux nopon pasHoro Bospacra. Hanpumep, B Ucaanmum /ﬁ%ﬁ TEPMH

NPUYPOUEHH K TJIYOMHHEM Da3JOM8M B MUOLIEH — HUKHETUIMOLIEHOBLX TLI&TO-

6asaabTax (UCTOUHMKM paioHa PeitxpaBuxa u np.). TepMum sTOrO THNA UC-
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PEAKAKEENH KCIIONb3-yOTCA OJA TenJoCHaO0KeHNsa JOMOB ¥ Tenaul, 8 TakKxe

oy 6acceitHoB.

Yruekncane rugporepmu (X0 75°C) Pa3JUYHOr'0 MOHHOI'0 COCTaBa, C

MuHepasusaimeit o6wHO MeHee 10 /a1 pacmpocTpaHeHH B paftoHaX ¢ 3aTyxa-
omell ByJKaHAUECKO# NEeATENbHOCTHI U/WIM MHTEHCHUBHEM Da3BUTHEM Ha TIy-
6uHe TepmomeTamopduueckux mporeccos. OHu XapaKTepusywTCH CyOHel-
TpanbHoit peakiueit (pH 6-8) u sHauenusmu Eh or 0 mo 250 wB. Cpepm
yrJeKUCIIHX TepM HauboJlee uacTo /. BCTPEUANTCA T'MAPOKAPOOHATHHE HATPU-
eBHe (XapaKkTepHHM WX NpuMepoM B MciaHguu ABIANTCA UCT@UHMEKM Jncyxomib) |
MeHee pachpoCTpaHeHH cyJibfaTHHe yTIeKuciwe TepMu (HampuMep, UCTOUHU-
k1 Burep6o B Mramum) u xusopugHue Tepmu (HanbuesBckue ucrounuknm Ha Ham-
yaTKe # gp.). TepMu 3TOro THUma mMUPOKO MCIOAb3YITCA B KypPOPTHOM Hele.

Yraekucane M a30THO~YTJEKUCHHE HU3KOMUHEDAJIM30BAHHHE MapOTUIpO-—

TEDPMH C Pa3NMUHEM COCTABOM M TeHmneparypoit 200-350°C gopmupyorcs B
chepe BAUAHMA AKTUBHEX BYJKAHWUECKUX OUArOB B 30HaX TEKTOHUUECKUX
HapymleHuil. B 3aBUCMMOCTM OT COOTHOWEHMA BOOGHOI'O M TEIUIOBOT'O NUTAHUA
OHM MMOAPa3AENANTCA Ha I'MOpPOTEpPMalIbHHE CUCTEMH C MpeobiajauneM BOML
Wi 1napa.

Aaowﬂojyrnexqéage naporuiporepvs GopMUpYOTCH B 30HAX INIyOOKMUX
TEKTOHNUECKMX = , HApylleHu#A B BOCCTAHOBUTEJNbHHX ycloBuax. OHu Bce oT-
HOCATCA K CHCTEMaM C npeo6iaanaHueM BOOH ¥ DPa3lpyXanTCH Ha JHEBHON =
NOBEPXHOCTY B BUIE BHCOKOAEOWMTHHX KWUIMANUX MCTOUYHMKOB U refisepoB. Co-
IepKaHye rasoB B HUX 06nuHO He npesrmaer 50-I00 ma/a. B purosmx:
3oHax Wcnanguu (puc.I) nmaporuopoTepMs TAKOI'O THIA MMEOT I'UIPOKADEO-
HATHHR miu cyabdaTHe? HaTpueBHit cocTaB ¢ MUHepalu3alineil meHee 2,5 r/n
u pl = 9 (Boxnbmoit Ieitzap, Aypxsep).

B paitoHax COBpEMEHHOI'0 ByJKaHW3Ma OCTPOBHHX AYyr HauboJjee Xapak-
TEPHEMY ABIANTCA a30THO-YTJIEKUCIIHE MApOrUIpOTEPME, MPeUMyLecTBEHHO
XJIOPUIHOTO HATPUEBOTO cOCTaBa ¢ MUHepasmsanueir I-6 r/n (mampumep,
JlonuHa [eftaepos u Iayxerka Ha HamuaTke u 1p.).

Yraexuciane naporuapoTepMy 00pas3ywT I'MApPOTEpPMAJIbHHE CUCTEMH

)

KaK C NpeoGianaHueM napa, Tak u C MpeobiajaHuneM BOAH. B MecTOpox-*
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IeHuAX c npeobiajanneM napa (Hapn@penno n Monre Amuara B Uranuu,
Huxne-Komenesckue Ha Kamuarke, Kapax-HKamomkaur B WHmoHesum u mp.)
MUHepanu3auua QUOATOB OGHUHO Huke I r/a, a KOHOeHCAT napa uMeer
T'UAPOKAPOOHATHEN WM CyJab@aTHH HATPUEBHH COCTAB IIPU IMOUTU IOJHOM
OTCYTCTBUM XJOPUOOB. B MecTOpoxmeHusAX c¢ MpeobiagaHuem Bonm/GBpon—
JeHac, Hasepay, Baitpakeit B Hosoft 3enanmguu, Jloc Ymepoc, Jla IlpumaBepa
B Mexcuke u gp.) NaporMapoTEpMH, KaK NIPABWIO, MMENT XJIOPUIHHN HaTpU-
eBHil CoCTaB, a WX MuHepanusanus noppmaeTcs no 5 r/n.

O6muit BHHOC Temja B oyarax paslpy3Ku yDJIEKUCHHX M a30THO-yI-
JEeKUCIHX TaporuapoTepM COCTAaBJAAEST 167 kas/c. OHM MOTYT NPUMEHATHCH
IJA BCEeX BUAOB MCIOJb30BaHUA, HO yYalle Ha MECTOPOXNEHUAX BSTOI'0 TUMa
cTpoAT ['eoToC.

CepoBo,uopo,uﬁo—yr'mxucnme TEepMH ITPUYPOUEHH K aKTUBHBM ByJIKaHAUeC-

kuM amnmnaparem. OHM 06pasywTCA B OKUCIUTENbHHX YCJIOBUAX B MecTax [0S
CTYIUIGHUA B TOJA3EMHHE U NOBEPXHOCTHHE BOIH (PyMapoJbHHX M coJbdaraps:
HbIX PaszoB (HZES, C0,, HCI, HF, 502 ¥ T.0.) ¥ DOCHAENy:#0Wero B3ammo-
neficTBua cunbHOKRUCHEX (pH <<:I) pacTBOPOB C BYJNKAHUUECKAMM TMOPOLEMM.
Temneparypa maporasoBuX cTpyit B KpaTepax aKTMBHHX BYJKAHOB JOCTUraeT
uHorga 700°C, a TemnepaTypa (yMapOJbHHX UCTOUHMKOB HUKE WIM DABHA
TOuKe KuneHusa. CepoBOIOPONHO-YTJIEKUCHHE TEPMH NENATCHA Ha IBa Xapake'
TEPHHX IMOATUIA:

I) nosepxHocTHOrO ¢opmupoBanua - kucame (Eh  or * . -300 go O mB)
cyibdarHee CO CJIOKHHM KATMOHHHM COCTABOM ¥ MuHepaausauuei mno 20 r/ia;

2) ray6uHHOTO (POPMUpPOBAHUA - KUCJIHE U yabTpakuciwe (Eh. or -350 mo
600 MB) xnopupHeie (xI0puaHO-CyAbPaTHHE) CO CIOKHEM KATMOHHHM COCTa—
BoM (c Fe, AI, H u np.) n wmunepanusauueit go 35 r/i.

“Yyraexucno-somoponHwe ( "BogopogHsie") naporugporepmu (mo 350°C)

IPUYypOUeHH K OxeaHuueckuM pudram. OHM GOopMUpYOTCA NMOJL BAUAHMEM MaH-
TUAHHX PACTIIABOB ¥ BHCOKOTEMIEPATYPHHX ByJIKaHMUECKUX SMaHauuit. B ux
rasoBOM COCTaBe B 3HAUUTENbHOM, & MHOTJa TOCHOLCTBYWUEM KOJAUECTBE

npucyrersyer Ho (kpome TOT0, B HUX COfLEPRATCS COo, HoS ,cjﬂi U 0py-
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rue rasu). "BopmoponmHue" TepMH, 3aKiOUEHHHE B 6a3aibTaxX OKeaHUMuecKOM
KOpH B MOJBOJHEX YCJIOBMUAX, NPENCTaBIANT CcO60#, B OCHOBHOM, HarpeThHe
MOpckue BOJH. B HamsogHo#t ®e uactu pugpra B HcaaHpcxoit CpenuHHOM Heo-
ByJKaHuueckoit 3oHe (puc.I)sto -fMaﬁaMnHepanusoaaHHme (<1 r/n)
pPacTBODH, OTJIAUAKNMUECH MOBHMEHHEM COJEpKaHMeM KpeMHe3emMa U OTCYTCT-
BMEM B AHMOHHOM COCTaBe XJopa. B KOHpmeHcarax ®THX CTpyi#t OGLUHO Beny-
myo poab urpant  50,, HCOS,JVh . Illpu BHXOHEe Ha OHEBHY® IOBEPAHOCTH
TepMH STOI'O THIA XapaKTepu3yoTCA HUSKMMM 3HaueHuamu Ef (ot -300 mo
0 MB) u cnaGomenouHoit peaxumeir. 'MIpoTEpMANbHHE i CUCTEMH C Ipe-
ob6JianaHueM H2 B cocraBe rasoB (Hecoasepiaup, Haymadpbaman, HpaGaa B
Hcnanmuu, Teitaepu Canoma B CA # np:) OTAMUANTCA HauUGOJBE BHCOKMUM
TennossM norermatom (o 10° xan/c) u TEeMIepaTypoli Ha TIy6uHe He-
CKOJIbKO COT METpPOB £0350°C. IlosToMy OHM PA3TpYRaWTCA Ha TIOBEpRHOCTH
3emMa¥ B BHOE MOWHHX ['a30MapOBONAHHX CTPY#.

TensoBasA MOMHOTTb MECTOPOXKIEHUA STOrO THUIlA NO3BOJAET CTPOU-
TeJbCTBO 3Aech KpynHux ['eoTaC.

Cnenuduueckad rpymnna 6eperoBHX TEpM BCTpeUaeTcs Ha Nobepexrbax

Mopeit (MIM MUHEDATM30BaHHEX 03€ep), IJe MHOT[A CO3JANTCA yCIOBUA IJA
NMOCTYINIEHUA COBPEMEHHHX MOPCKAX (MJM O3EpHEX) BOJ B HAXOZANMECHA B
6eperosoit 30He rujgpoTepMalibHhe cucTeM. Takue GeperoBHE TepMH pas—
JVUapTCA MO CBOEMy I'a30BOMYy COCTaBy, HO UX HOHHO-COJIEBO# cocTaB mo-
BOJBHO ofHoo6pas3eH. Ha MOpckux noGepexbfAX OH XJIODUNHHA HATpUEBO-
KaNbUMEBHIA ¢ MUHepaausalueil 06HUHO H0 35I'/KI UM HECKOJbKO B
(Hanpumep, rugporepMaibHHe cucTeMu Peitkbanec u Wcadbopayp B UemaHmun
n lopsauwnit [lnsmk Ha o.Kynaump) .

HcTouHukamu Temsa COBPEMEHHHX TUIPOTEepM ABIANTCA BO BCEX Cly-
yanaX perroHalJbHOe TENIOBOEe I0JIe, & B OCOGEHHO MOMHHX I'UEpOTEepPMabHEX
cucTeMax elle 4 JOKANM30BaHHHA TeIuIOMAcCONOTOK U3 MaHTuu. Temnmo-

BHE NapaMeTph a30THHX, YIVIEKUCIHX M METaHOBHX IUOpPOTEpM COIVIACylT-

cA C MOIENbl Harpesa STHX BOL B (JOHOBOM I'e0TEMNepaTypHOM MOJjie B

npefenax BepXHUX 2-2,5 KM paspesa, BMEMalOWMX UX TUAPOreoJOrnuecKux
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cTpykryp. Temnosas xe MOIMHOCTb BHCOKOTEMIEpYTYPHHX BOJOPOJHHX; METa—
HOBHX, CEPOBOJOPOIHO-YINIEKUCHHX ¥ &30THO-YTJIEKUCHHX MaporufpoTepM,

KaK NokxaswBalT pacueTH, (HoHoHoB, 1983), He MomeT GuTh OGecrneueHa TOJb-
KO 3a CueT Cchema [ Nnoj3eMHuMM BojaMu (POHOBOIO KoﬁnyRTMBHoro TeraonoTo-
Ka. B 3Tux ciyvasx, no-BUIOUMOMY, MMEET MECTO i :I% i) JUOO MOCTYIUICHUE B
I'UOPOTEPMANbHY0 CHCTEMY BHCOKOSHTAJbNUAHOIO Iiy6uHHOrOo (Quoupa, Jau6o

ee OONOJHUTEJbHH! KOHAYKTWBHHI NPOT'PEeB OT HErJIyGOKO 3aJjerapmux marma-
TUUECKAX OUarioB.

| ['naBHEMM KCTOUHMKAMM BOOH COBDEMEHHHX PUAPOTEPMANbHHX CUCTEM
ABAANTCA UHPUIBTDyOULMECA BrIyOb aTMocepHHE OCajku, HO B HEKOTOPHX CHUC-
TeMax MpeobrajanT BOJH ¢ MODPCKOT'0 reHesuca. [lo coBpeMeHHHM NpencTabier
HUAM JOJNA MarMaTMuecKoro ¢uouia B BOOHOM OajiaHCce HauboJiee MOMHHEX IMa-
POTEPMANIBHEX CHUCTeM OGHUHO He 6oabme 5-10%.

OcHoBHafA uyacTh PACTBOPEHHHX B BOJE BeMECTB 3a/MCTBYeTCA U3
BMemanuX Mopog Ju6o MOCTynaeT B I'ULPOTEpPMAJIbHYl CUCTEMYy BMECTe C ce-
OUMEHTOIE€HHEMM M COBPEMEHHHMM MODCKMMM BOJAMU. AHOMAJIBHO GOJbIMEe KOH-
LeHTpallM¥ PyOHHX SJEeMEeHTOB, OOHApyXeHHHEe B TepMalbHHX paccoyax CoJToH
Cu M B HEKOTOpPHX TepMaX OKeaHuueckoro nHa (KpacHomopckuit u Tananarocckus
pupr, rTepvonpossnenne Ha 21° c.m. I09° a.x.), Tamke, mo HameMy MHEHUo,
CBfI3aHH TNpexae BCEro C BHMeJauXBaHWEM BMeManmuX MOpPOJk BHCOKOMUHEDPATN-
30BaHHHMM XJODUIHEMKM HATDPHEBO-KAJbLIMEBEMY PACCOJIAMU B YCJIOBUAX BHCOKUX

TemnepaTyp.( I'taBHeMU\daKTOopamMt, ONpeleiadsOmUMUA XapaKTep U Macmras

PU3OTHIPOTEPMAJIbHON JeATENBHOCTY ABJIAITCA I'eOJIOPMYECKOE CTPOEeHMEe U CO-=
CTaB MOpOJ, I'MApPOreoJOorMuecKne OCOGEHHOCTU I'MAPOTEPMANIBHON CUCTEMH,
cyumectsywouue B Heit P-T yciobysa, cocraB, Temneparypa ¥ JaBieHUe IJIyGWH-
HEX MarMaTUUECKMX 3IKCTaJALMA U MHTEHCUBHOCTb MX MOCTYIUIEHUA B

¢
NMOJ3EMHHE BOH.

Cpenu mpoueccos, GopMUPYyRmUX COCTAB TEPMANbHHX BOJ crenuduueCcKuMu
I8 pajfiOHOB COBPEMEHHOT'O BYJKAHW3MAa ABIAONTCA IPOLECCH, CBA3AHHHE C
$asoBEMM NEepeXonaMi HON3eMHHX Bon. Takue Ga3soBHe NpeBpamEHUs TULPOTEPM

HaBMOJAnTCA OGHUHO B MPUIOBEPXHOCTHOR 30HE 0WaroB WX pasrpya3ku, The

IPOUCXOOUT BCHKUIIAHUE U jJerasalusa BHCOKOTEMIEepaTyYpPHHX BOJ. HpV[ 9TOM



7.
KOMIIOHEHTH XMMHYECKOI'0 COCTaBa TepM IIepepaclpemelssuTcA IIOBCEeMeCcT-
HO. JTO Ipexme BCero IpoLecCH, gopMupywiMe IOCTYyIUIEHNE BelecTBa
B pacTBOp (rascHaCHWEHWE BOJ,, BHIEJAUXBAHVWE U DPaACTBOpEeHWEe BMemaw—
WX IIOpOI) .

Taxmi o6pasoM, B OOJNACTAX COBPEMEHHOT'O BYJKaHE3Ma, OTJAWIan—
IMXCA THIOM 3eMHO! KOpH ¥ MHTEHCUBHOCTEI IPOABJIEHU I'eOTepMasbHON
AKTHBHOCTH IIOT BO3LEICTBHEM NepeUYMCJCHHHX BHUE (PaAKTOpoB U IpoLec-
COB OINHOBPEMEHHO W He3aBHCUMO IpyT OT Ipyra QopMUPYWTCA ClIelmu-—
YeCKNME TepMaJsbHHe (UIONIH, CYWEeCTBEHHO pasjnyaniiecs IO COCTaBy
COIepXalXCa B HEX TA30B, PACTBOPEHHHX cojxeit, Beawumue pH u Eh,
oCme#l MyHepasM3alMy ¥ TEIUIOBHM IapaMeTpaM. M3yuyeHue o0wero aHa-
Ju3a 4, B OCOCEHHOCTH, T'a30BOI'0 COCTaBa THUIPOTEPM Cpasy MOXET
IaTh OTBeT HA HEPCHEeKTUBH ¥MX MCIOJb30BaHmdg. Tak, HalpuMep, TEpMH
C a30THHM COCTaBOM I'a30B 00JamanT CJAMUKOM HU3KMM IJIA CTPOUTEILC—
tBa ['60T3C TemnOBHM IOoTeHIManoM. Hao0opoT, NPUCYTCTBEE B COCTABS
Ta3a B 3aMEeTHHX KOJMYeCcTBaxX BOLOPOLA yKa3HBaeT OOHYHO HA BHCOKNE -
TEIUIOBHE IIapaMeTpH NaHHO# I'MADPOTEepMasbHO# cucTeMH. bosee TOYHO
OIpeIeJuTE IVIyOMHHHE TeMIepaTypH MOXKHO C IOMOWBH I'MIPOXVMUYECKHUX
Te0TEpPMOMETPOB .

Bucoxasa MuHepasM3allAa MM IOBHUIEHHAS KMCJOTHOCTEH TEpPMalbEHX
pPacTBOPOB, COIEepKaHKMe B HMX IIEHHHX MM BPEeIHHX KOMIOHEHTOB yKa-
3HBAWT Ha HEOOXONVMMOCTE [PaBUNIBHOT'O BHOOpa TEeXHMYECKUX CPEICTB

IO JBEZWYSHNN ¥ HCIOJb30BAHWD NOJOCHHX TEDM. AHEFHSHDYITXIMITTeCKuil

I1.3.3.2 TeoxuvyudeCcKre HHOMKATOPH IVIyOMHHHX

TeMIepaTryp

Imppoxmvydeckuil MeTOn oIpeneJieHMA IVIyOMHEHX TeMIeparyp B
TUIPOTESPMANbHHX CUTeMaX IOJy4Yusa OOJBlioe paclpocTpaHeHne. CYmHOCTH
" MeTofla 3aKJnYasTCsa B pacueTe TeMllepaTypH IPOLYKTWBHOI'O T'OPH30HTA
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[0 NaHHHM XEMMYECKOT'O OIpPOCOBAHWA NOBEPXHOCTHEHX TEPMOIDOSBJICHWH.
PaccmarpmBaeMHil METOL B pALNe CJIydaeB IO3BOJAET Ce3 IONCKOBOT'O
OypeHus BHABUTH HaumOoJee NEPCIEKTHBHHE YYaCTKM I'HIPOTEPMAJBbHOTO
MECTOPOKIESHNA. JCIlemHoe IPYMEeHeHNe yKa3aHHOT'O MeTola OIpeleJsAeTCH
IPEBUJIBHEM BHOODOM TI'UIPOXMMMYECKOT'0 MHIMKATOpa. l'e0TEepPMOMETPH MOILYT
OHTH pa3leJieHH Ha MOHHHe, Ta30BHE ¥ M3O0TONHHE, a TaKke HelTpaybHHX
MOHHHX nap (cJuaadomyuCcCOoIMIPOBANHHX COemuHenuit). K HMM oTHOCATCH:
COIEpXAHNE DPACTBOPSHHOI'O KpeMHeseMa; BeJwuuHH Ao /K aTOMHHX 1
VIOHHHX OTHOWeHMH; Afa./K/Ca — MOJBHOS OTHOWEHME, M3OTONHHE OTHOWe-
e 80, sof8, &cls,

KoppendaimmoHHad CBA3b MEXLy TeMIeparypoi ¥ TeM N MHHM T'eo-
TEPMOMETPOM yCTAHOBJIEHA DKCIEPMMEHTANBHO U HATYpPHHMY HaConeHuAMHE.
Ha norasadyms reoTepMOMETPOB OKA3HBAKT BJMAHME QU3NYECKNE ¥ XUMUYEC—
Kye ¢gaxTopH. K NepBHM OTHOCATCA TeMIepaTypa, NaBIeHWe, CKOPOCTE
[IOTOKa I'UIPOTEepM, BpeMs CYHEeCTBOBaHWA CHUCTEMH ¥ Ip. Ko BTOpHM -
MYHEPaJOTHYeCKl ¥ XVMWYEeCKHN#l cocTaB NOpoXL, NapifajbHHE NABJISHUS
raszoB, pH,un np. lckaxawimee BiaMAHMe (PU3MYECKUX PaKTOPOB B OLEHKE
TEMIEPATYyPH MOXHO CBECTM K MUHNMOMY, HCIOJB3YsS BeJMYUHH OTHEOIEHUH
KOMIOHEHTOB IPYMEHWTEJNBHO K TUIDOXUMUYSCKHAM I'eoTepMoMeTpaMm. CJox-
Hee y4YeCTh BO3IEICTBUME XUMMUYECKHX (HaKTOpoB. 3meCh B KaxfoM oOTIe-
JBHOM CJIy4Yae NOJKHA BBOIUTHCA NONpaBKa, yCTaHOBJGHHAs IpY HATYPHHX
HaOJMONeHUAX WX SKCIepMMeHTaJbHO. O HameXKHOCTH TOT'0 WIM MHOTO I'eo-
TEPMOMETPA MOXKHO CyIMTH, CpaBHMBaAsA pacCUYMTaHHHE IO HeMy TeMllepaTy-
PH C H3MEPEHHHM B CKBaRMHAX yXe M3yUYEHHHX MECTODORIEHN# TepMaib-
HHX BOT.

KosmuecTBeHHas OLEHKa TJIyOMHHHX TEMIEpaTyp C [OMOUBK I'e0Tep-
MOMSTDOB NPOM3BOIUTCA IO CJAeIywupmM HopmyJiam.

I. PacueT no cmiavkarepMoMeTpy B MHTepBaﬂe TemMneparyp ot O mo

250° (mpn 510y Mr/HoO kr) mo gopwysnam P.@ypHse (Fournier , 1977)

731
aMOPTHOMY KDEMHEe36M £t°C = - P (1)
IO aMOPPHOMY KP yo 452150 373,15




g = 1g(Na/K)+ 1g( Ca/NA)+2,24

81
JB ~gpucroamury  t°C = l - 273,15 (2)
4’51 — lgC .
1000
— 6 Oq = -
A -KpucTo aﬂgTy T . 273,;5 (3)
1032
$9%C = —~— -
XaJIle TOHY 4769 - 150 273,25 (4)
o, _m _III2 * ,
1% = T Tesio, - 2131 (42)

kBaplly (Ip¥ KOHLYKTUBHOM OXJAXIEHWH pacTBopa)

1309
tOG = 75,19 - 1g0 - 273,;5 (5)

KBaplly (Op@v anadaTHIeCcKOM OXJARISHHH DacTBOpa)

1522

IT. Pacuer no Na /K-Tepmomerpy (MJr/m) B MHTepBame Temmepa-
typ 100-245°C mo gopmysne N.Va#tra n A.Dwmca ( White , 1970)

855,6
(o] -
v°C = ToNa/K + 0,8573 213,15 (7)

no gopmyse P.@ypHre ¥ A.Tpycresna (Fournier, Tuesdell , 1973)

1% = T - 373,15 (8)
1g Na/K + 0,70

no gopmyse C.ApHepcoHa u E.TyHﬁayPCOHa (I983) B mHTepBaie

TeMIepaTyp 25-250°C

933
Oc =) - 2 I
t°C g 0,993 + 1g Na/kK- 73,15 (86’.)

. Pacger mo JMQKK/Ca—Tepmomepr (MoJIB/J1)
no gopmyse P.®yprre ¥ A.Tpycmesa ( Fournier, Bruesdell , 1974)

21647
_____ +°¢

273,15 (9)

% Tlo QopmyJie -C,ApHepcoHa u E.l'yumayrcona (I983) B mHTepBaJe
TeMIeparyp or 25 no I80°C
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mua B = 4/3;ca/Na>l; £2100°C;

‘mu R = 1/3;|ca/Na<I; t>I00°C.
T.Havec ( Paéeg','I975)'ongpymnﬂ CYICTEMATITIECKOE OTKJIOHEHNE
J3MepeHHHX TEeMIEDATYD OT DACCYMTAHRHX N0 Gopuyre (9) B TeX CAyuasX,

KOTIa TeMIepaTypa MCTOUHEEA Hmke 70°C ¥ IaplyabHOe NaBJIEHWE CO

Gomee 10™% amm. U [IpenJoXeH IONpaBOYHHA Kosdduimenr I = -1,36 -
0,254 . PCO,  » C YyUETOM KOTOPOT'O BTa gopMyJa IpUMET Bﬁn (Truesdell,
1976)

/1647 -

9 - = — 327318 10

te= &g Ma/k + V3 G (Caynt)+ 36 +0A53 R, 73 ( )
IIprveHerye TOR WIM WHOR (OpMyJH 3aBHCHT OT TEMIEPaTyDH,

Ta30HACHWLEHHOCTY ¥ Ie0HTa MCCJIelyeMHX WCTOUYHMKOB..BHOOp Hambolee
HOIXOonAue# GopMyJE INDOM3BONUTCA MO CJBLybUE# cxeme:
I. Knngup@ uCTOYHEKU PacueT BemeTcA IO OpMy.Je
I. ¢ HuskRmM medurom (<3 J/cex)
C HU3KMM Ta30BHM Qaxropom (<0,06%) (4)
C BHCOKMM T'asoBHM daxropoM (>0,06%) (5)
2. C BHCOXKmM medutoM (>3 J/cex)
C HHSKYM Ta30BHM (QaKTOPOM (8)
C BHCORIM TI'a30BHM (HaKTOpOM (5), (7), (8), (9) mwm(I0)
II. Hexnnauye NCTOUYHWKY
1. ¢ HEHN3KIM HeCuTOM
C HU3KVM Ta30BHM (HaKTOpOoM (7),(8)
C BHCOKIM T'Q3OBHM (PAKTODPOM (I1),(2),(3) n (9)(mpxr 100°
2. C BHCOKMNM [eCHTOM
C HY3KIM T'a30BHM (JaxTOpOM (9)
C BHCOKIM T'a30BHM (HaKTOPOM (7),(8)
OGHYHO OXJaXISHHE TUIPOTEPM IO nyTﬁ IX TNBUXSHWS K odary pas-
TPY3KH IPOMCXOIHUT BCJAEACTBHE CMEUWeHMS BON, PE3KO OTJIAYANUMXCH IO
TEMIEpaType, WM Ke B Pe3yJbTaTe MX MeIJCHHOTO KOHIYKTMBHOTO OX-

—JEKIIOHESA. B IepBOM cJaydae Ijid BHOOpa MeHee Da30aBJEHHOT'O XOJIOLHHMY



IT.

BOLAME JMICTOUHHMKA IPUMEHAETCHA XJOPKapOGOHATHOe oTHomeHue (oHo OyIer
BHIIE B MeHee pa3GaBJeHHHX BONAaX), a OLEHKY TeMIepaTypH NpOBOLAT
no gopMyaam (5) u (6), Gepa cpeiHib. Bo BTOpOM CJydae TeMIeparypy
olieHuBaoT o Popmyae (5).

[IporHO3 TEeMIeparyp ¢ IOMOWBK I'eOTEepPMOMETDPOB IJIA HU3KOTeMIepa-
TYPHHX MaJIONeCUTHHX BOI HAuMeHee TOYEH, IIOCKOJBKYy OyIeT CKasHBAThH-
cA BJMAHME BCeX (PaKTOPOB, NPUBOIAUMX K OXJAXIEHMDO pacTBopa. lpn
9TOM XeJIATeJBHO NPWBJEYeHWe IPYTWX IPH3HAKOB, YKA3SHBAWUUX Ha TeMIe-
parypy. Tax, HampyMep, Hauwuue TreiiseprTa BOKPYT MCTOUYHMKA MOXET
CIYXATE CBUIETEJHCTBOM BHCOKYX TeMIepaTyp Help B HacTodumee BpPEMA
UIY B HENANOKEOM IPOIIOM. [[DHCYTCTBHME X6 TpaBEepPTHHA YKa3HBAeT Ha
CDaBHHTEJNLHO HW3KWE TJyCHHHHE TeMIepaTypH. ONHAKO TOYHYH KapTHHY
IOMYYNTE TPYIHO. [I09TOMy Ip¥ NPOBEIEHMY T'€OXMMUIECKOT'O ONPOGOBaHMUS
BCerga CJelyeT cTapaThcd 6paTk HPOGH BOAH M3 HamdoJee BHCOKOTEMIe-
PaTyPHHX ¥ BHCOKOHECHTHHX WCTOUHHNKOB.

llpenmosaTas, 9TO TasH B MIACTOBHX YCJOBMAX NOMHOCTEO PACTBO-
DPEHH B BOZIE, MOXHO Nepe#iTy OT NapIMAaJbHHX IABJAEHWE K KOHUEHTDAIMAM
B MOJSIX Ha KI' BOIH U IPEIJIOKKTH cJenyoupme TeoTepmoMeTpH (Tapax,
1988):

CO,-reorTepMomeTp (X; B MOMB/KT)

1gx002 8 5,94 - 4036/?» r = 0,85,

TIe r - KOQIWIMEHT KOPPEJIALNN;

st—reOTepmomeTp

lg Xst = 5,85 - 4568/T, r = 0,92,

Ho-Te0oTepMOoMeTp |

1g Xy, = 6,52 - 5156/T, = = 0,87

I8 ECASHICKYX THIDOTEDM Ho~T@0TepMOMETD MMEeT HECKOJbKO HHOM BT
1g XH2 = 5,31 - 4723/Ty r = 0,93,

JIOBOJIBHO CJIORHYW KOMOMHAIMI KOHIEHTpAIMii BCeX TJIaBHHX KOMIIOHEHTOB

TeoTepMalbHHX I'a30B (KpoMe a30THHX) mpemiaranT [.Avope n IlaHwKe



I2.

(1880 ),

t90 = 24447 /éHd + B - 36) H,5
2
Tie & =2 1lg CU%T - 6lg G0, - 3 1g T, KOHIGHTPaIM B 06.%;

B =7 - 18 Bgo,

Kax Ouyio ycraHoBaeHo (llomax ® mp., 1973 ) wsoromHHil cocras Tesms
B (opMupywoue#icd X 3peJioil KOpe KOppeJmpyeT C IMIOTHOCTHO KOHAYKTUB-
HOT'O TEINIOBOTO MOTOKA. Il03TOMy MNOABMJIACHE BO3MOXHOCTE €T'0 BHUNMCJEHUA
II0 M30TONHO-TeJWEeBHM MNAHHHM IO cJaenybueir opmyJe :

q = 0,I66 In R + 3,95 & 0,03 , rme

R = 3He/4He. ' ‘

Ha OCHOBaHMK HalileHHO! 3aKOHOMEpPHOH C¢BA3M MOXHO IIpeIBapUTEJBHO
OLIEKMBATE BeJMUNHY IVIyCMEHOT'O TEINIOBOT'O IIOTOKZ B Hepa3GypeHHHX

paiioHax.
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PREFACE

The Focus on Series is prepared to give the U.S. Geothermal Industry a
quick profile of several foreign countries. The countries depicted were chosen
for both their promising geothermal resources and for their various stages of
geothermal development, which can translate into opportunities for the U.S.
geothermal industry. The series presents condensed statistics and information
regarding each country’s population, economic growth and energy balance with
special emphasis on the country’s geothermal resources, stage of geothermal
development and most recent activities or key players in geothermal
development. The series also offers an extensive list of references and key
contacts, both in the U.S. and in the target country, which can be used to
obtain detailed information.

The series is available for the following countries:
Argentina, Azores (Portugal), China, Costa Rica, Ecuador, E1 Salvador,
Ethiopia, Guatemala, Honduras, Indonesia, Jordan, Mexico, St. lucia, Thailand.

Additional countries might be available in the future.

The series is to be used in conjunction with four other publications
specifically designed to assist the U.S. geothermal industry in identifying and
taking advantage of geothermal activities and opportunities abroad, namely:

- The “Review of International Geothermal Activities and Assessment of
U.S. Industry Opportunities.” Final Report, August 1987. Prepared
for Los Alamos National Laboratory. -

- The "Summary Report" of the above publication.

- "Equipment and Services for Worldwide Applications," U.S. Department
of Energy.

- The “Listing of U.S. Companies that Supply Goods and Services for
Geothermal Explorers, Developers and Producers Internationally,"
August 1987, prepared by GRC.

Copies of these publications can be obtained from the Geothermal
Technology Division of the U.S. Department of Energy. Correspondence should be
addressed to:

Or. John E. Mock

Geothermal Technology Division (GTD)
1000 Independence Avenue

U.S. Department of Energy
Washington, DC 20585

(202) 586-5340
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FOCUS ON THAILAND

Official Name: Kingdom of Thailand

Area: 514,000 sq. km (198,500 sq. mi.)
Capital: Bangkok
Population (1985): 51.7 million

Population Growth Rate: 2.0%

Lanquages: Thai, ethnic and regional dialects

Economic Indicators:

Real GNP (1985): $42 billion

Real Annual Growth Rate (1985): 6%
Per Capita Income (1985): $828
Avg. Inflation Rate (1985): 8%

Trade and Balance of Payments:

(1985) Exports: $9.771 million; Major Markets: Japan, EC, U.S., Singapore
(1985) Imports: $11,325 million; Major Suppliers: Japan, EC, U.S.

(1985) Official Exchange Rate: 27.5 baht = US $1

Enerqgy Profile: (Based on 1982 data unless otherwise indicated)

- Commercial Fuel Energy Consumption:

Total: 12.926 million ton of o0il equivalent (mtoe)
1-Yr. Growth: 6.5%

- Commercial Fuel Breakdown:

Liquid Fuels Pct: 93%

Solid Fuel Pct: 3%

Natural Gas Pct: *

Electric Pct: 4%

Commercial Fuel Consumption Growth Rate (1970-1980): 82%

* Negligible



GEOTHERMAL RESOURCES

The Agency for International Development (AID) and the United Nations
Development Program (UNDP) have financially aided programs aimed at geothermal
development in Thailand. AID has supported a program financing development of
renewable energy alternatives, including geothermal, while the United Nations
has helped fund a geothermal reconnaissance survey of northern Thailand. A
total of 60 hot spring areas have been mapped throughout Thailand as part of
the Geothermal Exploration Project, Department of Mineral Resources of
Thailand. The ultimate power potential may be 150 MW for 30 years. Surface
temperature ranges from 40 to 100°C.

Assessments of Thailand’s geothermal potential were started in late 1977.
At the time, San Kamphaeng geothermal field, located northeast of Chiang Mai,
was chosen for exploration drilling because of its favorable geology and
geographic location. The evaluation was carried out by the Department of
Mineral Resources, Chiang Mai University, and the Electricity Generating

& Moe Chan
& Fong

< Po Poe

o «& Son Kampoeng
Cn.anq Ma:

Moe Chaoem

Bongkok
°

Location of the promising geothermal areas in Thailand
Source: S. Praserdvigai, 1986, "Geothermal Development in Thailand.”
Geothermics, Volume 15, No. 5/6.
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B. Geothermal-Related Sources of Information

The following reports and documents are suggested for further information
regarding geothermal energy and export opportunities overseas:

Los Alamos National Laboratory:

° Review of International Geothermal Activities and Assessment of U.S.
Industry Opportunities

U.S. Department of Energy
° Equipment and Services for Worldwide Applications

° Guide to the International Development and Funding Institutions for
the U.S. Renewable Energy Industry -

. Federal Export Assistance Programs Applicable to the U.S. Renewable
Energy Industry

° International Data Base for the U.S. Renewable Energy Industry

. Committee on Renewable Energy Commerce and Trade: CORECT’s Second
Year - October 1985-November 1986

California Energy Commission (CEC)
° Foreign Geothermal Energy Market Analysis

. Small Scale Electric Systems Using Geothermal Energy: A Guide to
Development

U.S. Department of Commerce - International Trade Administration

° A Competitive Assessment of the U.S. Renewable Energy Equipment
Industry

U.S. Export Council for Renewable Energy

° International Renewable Energy Industry Trade Policy



Mr. Russell Anderson

Director, Office of Project Development
Bureau for Private Enterprise

Agency for International Development
Washington, DC 20523

(202) 647-5806

- Bureau for External Affairs

Ms. Rhea Johnson

Director, Office of Public Inquiries
Bureau for External Affairs

Agency for International Developmeént
Washington, DC 20523

(202) 647-1850

- Bureau for Asia

Mr. Robert F. Ichord _

Chief, Energy and Natural Resources Division
Bureau for Asia

Agency for International Development
Washington, OC 20523

(202) 647-8274

- Publications

Ms. Dolores Weiss

Director, Office of Publications
Bureau for External Affairs

Agency for International Development
Washington; DC 20523 :

(202) 647-4330

Asian Develepment Bank

- General

Asian Development Bank

P.0. Box 789 .

2330 Roxas Boulevard

Metro Manila 2800, Philippines
Telephone: ({63-2) 711-3851
Telex: 23103 ADB PH

- Publications

Operational Informatien on Proposed Projects
Information Office

Asian Development Bank

P.0. Box 789 ‘

Metro Manila 2800, Philippines



- Minority Business Development Centers
Minority Business Development Agency
U.S. Department of Commerce
Washington, DC 20230
(202) 377-1936
or contact:

Reqional Offices:

Atlanta, GA (404) 881-4091

Chicago, IL (312) 353-0182

San Francisco, CA (415) 556-7234
Dallas, TX (214) 767-8001

New York, NY (212) 264-3262
Washington, DC (202) 377-8275 or 8267

- DOC Marketing Periodicals
Superintendent of Documents
U.S. Government Printing Office
Washington, DC 20402
(202) 783-3238

U.S. Department of Enerqy

Dr. Robert San Martin

DAS/RE

Office of Conservation and Renewable Energy
CE-030

U.S. Department of Energy

1000 Independence Avenue, SW

Washington, DC 20585

(202) 586-9275

Dr. John E. Mock

Director, Geothermal Technology Division (GTD)
Office of Conservation and Renewable Energy
CF-342

U.S. Department of Energy

1000 Independence Avenue, SW

Washington, DC 20585

(202) 586-5340

Export-Import Bank
- International Lending

Mr. James R. Sharpe

Senior Vice President, International Lending
Export-Import Bank

811 Vermont Avenue, NW

Washington, DC 20571

(202) 566-8187



- Asia Division

Mr. Raymond J. Albright

Vice President, Asia Division
Export-Import Bank

811 Vermont Avenue, NW
Washington, DC 20571

(202) 566-8885

Geothermal Resources Council

Mr. David N. Anderson
111 Q Street, Suite 29
P.0. Box 1350

Davis, CA 95617-1350
(916) 758-2360

International Trade Commission

Office

Office of Publications
International Trade Commission
701 E Street, NW

Washington, DC 20436

(202) 523-5178

of the U.S. Trade Representative

Mr. Fred Ryan
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Abstract—Fifty twd wélls Buve been drilled. intd the Broudlands—Ohaaki' geothermal svstem, New:
Zc-aldncl n the course-of it duulopmem Fluid samples ¢ollected from these wells and measured
lempérdtures indicatethal boiling is commeon within the Eastand West Bank production zdnes . ~ep:1rated4
at the surface by the W aikato River. Sigivm-hedted watérs fornvover the top of the sysiemabove zones of
boiling. and asc also preseat on the margins of the sysiem. They are €0--rich. and zrz responsiple for.
dilution T the deep chloride, fluids. particularly on the margins of the-system. Thermal inversions are
common an the margis of lhwb\\hm fissocidted with the stcam-heated waters: The eastern portion of
the Eust Bank und margins of the West Bank Have cooled since.peak thérml condiiipns, possibly due o
dilution, us, andicited h\ compdring duid inelusion data with temperatures now present.-However, Auid
inclusion Th und Tm datd indicdte afiar beiling and ditution patierns similar to those now: presens have
eéxisied smu. inclusion formation. The h\dm[hcrm'ﬂ alieraticn of .the siligie voleanies comprizes an
dssermblag C)F guanz=ilbire=illite— dduldnd—i.’ilutc—-thiorlte ~pyrite; epilode.and wair kite, arg raje, and
pyrrhotite, sph.;.l:.nlt and g.llum Gre' genenilly. confingd to thé margins of the svstem. Kaolin. Ca-
montmorillonite. cristobalite and siderite are also present ol the margitisof the'sy$iem to depths of 600-
(101, G ardreluted 10 thepresénce of the COy-rich. stcam-heated waters. The deep. production Huilis
mmmﬂcﬁom1pm1m(pnhmEMHmdwnhawmmnumeof B005C and'a CO~ comtent of ~11.6 mol.
Excess . wwo phase feed zone) dischargesare not sulmble for the caleulation of activigy ratios
- in thé, reservoir |1qutd and asiessment,of mineral-fluid equlllbnd this s probably dus to nén- nqulhbnum
distribution of gasispecies: between hquad and'vapor. However. an assessment of mm-=ml fiuid equilibnia
i possible from the cornp()‘uuom of liguid feed wells - Based on thése daia; the reservoir fiids are. now
Slmhtly undersdiurated with respect (o cafcite andare in c.qunllbnum with K-mica. pyrite-and chloritz. The
common presence of adularia and calcite ini veind.and open spacés'may be'duc 10 3 shift in mmela! fiuid
equilibria caused by extensive boiling-and.gas 10ss.in fractures as compared to. formauon fluid. In contrast,
the.marginal steam-heated walérs are'in equlhbnum with pyrite=pyrrhotite. Their lower: pH values make
them more undersaturated with respect to calcite and K- -feldspar-than. the chioride fluids, due'matnly 10
the lower temperarurgs-and concentragion of CO,, resulfing in intestratified llite=sieciite. and even
kaolinite * siletite $tability. Dilutipn-and.cooling of the boiling fiuids by the steam-heated warers-has
eaused theirshift to K-mica stability:the resulung deposmon ofillite in fractures of the East Bank may be
respcms;hle for the lower permeabiimes here. causing excess enthalpy condmons
Steam-Heated watersare ¢cammon in gégthermal systems. throughout thie world:. recognition of dilutiva
patterns helps in dedumng, the. overall geochemlcal structure 'of €ach system. Knowledge of the
dist rabuuon of steam-heated waterswill dlso-assist in locating upflow zones.and also dllows their potential
for ¢ casmg ‘corrosioniand pruduullon-mdumd incursion 1o be:assessed.

INTRODUCTION

A large data base has been accumulated for the Broadiands—-Ohaaki géothermal system, New
Zealand (Fig. 1}, in the course of its exploration and ‘development asan enefgy source. The large
number of wells {52) dritled in and adjacent to the system (Flg 2} has allowed a detailed
examination of natural thermal and chemical vanatlons present prior to sustainéd discharge
testing. Previous-studies have:not had access, to the present data base nor have they fully

*Address for.corgspondence: Mmeral Resources Department, Gealoglcal Sun'eyof.lapan 1-1-3 Higashi, Tsukuba
305; Japan
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Fiz. 1. Map of the Taupo volcanic:zanéd. New Zealand, showing the [ocution of the Broadlands—Ohazki geothermal
-SYSIem among its many nelg’nhor\

integrated all constraining evidencesintoa model of the system. In particalar, the importance of
thc marginal steam-heated waters.on the bverall nature of the system has not been discussed by

arlier workérs. This papecr presents d model of the geocheniical sizutture of the natural state of
thc«geolhermal system. This Has been déduced from thermal profiles and all avaitable chemical
and i8otopic data availablé prior to extensive testing of the system. In addition, thermal and
chemical data-from fluid inélusion studies previde an indication of the natural evolution of ihe
Broadlands systém (Ohaaki reférs to the power station).

Ideally, the chemical composition and distribution of fluids in the system will be in
equilibrium with the alteration minerals; where disequilibrium is apparent (as at nearby
Waiotapu; Hedenquist and Browne, 1989), it may be possible 10 deduce the spatial and
temporal evolution of the fluid. The general approach outlined by Giggenbach (1980, 1981,
1984, 1988) in assessing ‘geothermal mineral-fluid equilibria has been used here, with the
alterauon mineralogy framework: from Browne (1971a, 1973a), Browne and Ellis (1970) and
Wood (1983). This basic approach to mineral-fluid equilibria. in addition to the geochemical
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model of the. system, serves-as-the framework-for'a detailed eéxamination of mineral chemistry
and local disequilibrium discussed élsewhere (Lonker i al., in press).

In general, thé purpose of this paper is. to ¢larify and add detail to our understanding of the
processes opetating inthe upper 2000 m or s¢ ofa volcanic-hosted hydrothermal system ina low
relief terrane, pamcular[v with respect to boiling and mixing. which are the tw¢ dominant
physical processes in geothermal systems (Giggenbach and Stewart, 1982). This witl help in
interpreting geothermal:systems for which there are fewer data or systéms dt an early stage of
exploration. particularly in terms of the presence and effects of marginal waters. The relatively
simple quel derived here rivav also.coristrain-any detailed ‘computational approach involving

N, e "\
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Flg . Plan of-the Broadlands—()haakl ‘system shv ing the location-of production, mjectmn and monitor wells drilled
between 1965 and 1984 The resistivity margin (Rxsk,1986) and 270°C isotherm at'~9%00 m dep\h{ 600'm a.s 1) are also
“*shown,
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reaction progress and mass transfer (Reed; 1982; Giggenbach, 1984; Spycher and Reed, 1689)
developed for hydrotherinal systems and related epithermal mineralization.

Background and previous studies

There-are.few surface thermal features-at Broadlands, and the: ‘total'natural. heat flow is > 100
MW (Allis, 1980). This is small compared to about 500 MW at the nearby Wairakei and
Waiotapu systems, due 1o a large subsurtace outflow. The principal thermal featuré is Ohaaki
Podl (Fig. 2),a neutral pH chloride hot spring, which. contributes about 10 MW to the toial
surface heat fAow from the system. A few warm springs en the,banksof the Waikato River, and
$ome steaming ground betweenwells BR7 and 29, make up the Surface activity. with subsurface
seepage also contributing to the surface héat flow. Hoéwever, the hydrothermal system is
extensive at several hundred meters depth, as défined by electrical resistivity traversing (Risk.
1986) and,dn]l:ng’ The <10 Qm apparent resistivity andémaly (500 m electrode spacing) is-about
10 km? in area and roughly ciréular in shapé (Fig. 2). The production wells all lie within the
270°C isotherm at ~600 m a.s.]. (~900 m depth). Thls high temperature anomaly is elongate
north nerthwest-south southeast, and is.about 3 km? in size; the- Waikato River bisects’ both
-anomalies into East and West Banks,

Exploration drilling began in late 1965, and by 1984, 52 wells‘from 366 m (BR33) to 23587 m
(BRH) deep were dnlled mc!udmﬁ several shallow (15010 350 m dee.p) monitor wells (Fig. 2}
most wellsare between 1000 and 1300.m deep. The depths of the feed zones of production wells

-range from 470 1o 1450 m {mamly 800 fo 1009 m), and have measured temperatures of
260 + 20°C.

Following long term diS¢hidrge tesung between 1968 and 1971, at least 100’ MW was proven.
However. the decision to.construét a power station was deferred untal the early 1980s-due to the
discovery of naturdl gas fields 6ff the west coast of the Nocth Island.

A 116 MW(e) power station was commissioned in 1989, using stedm at 13.5 and 4.5 bars

absolute from 24 production wells, collected atfive separation plants. The separated waterat 4.5
bars is reinjected into eight wells along the southéast to Séuthwest margin of the system (Fig. 2).
The-abnormaily long lead-in time has resultéd in a large amount of information being gathered
aboutthe system, largely in.a natural toslightly disturbed state. Over this period, many detailed
studies of the system were conducted. '

_The alteration mineralogy @nd mineral-fluid equilibria of the Broadlands, system were first
discussed in detail by Browne and Ellis (1970) in a' landmark paper on geothermal systems.
Preliminary observations on the fluid chemistry were: made- by Mahon and Finlavson (1972),
while Giggenbach (1971) determined the effect of ‘boiling on the isotdpic composition of
procluctmn well discharges. Mahon ez al. (1980) noted the presence. of steam-heated “bicarbon-
ate” waters .at Broad]ands and Hedenquist and Stewart (1985) quantified their chemistry.
distribution and importance in the overall geochemical structure of the system; these steam-
heated watersare COy-rich and very corrosive to grout and-well ¢asing. Predicted production-
related chemical changes in the reservoir have béen discussed by Hedenquist ez al. (1988)

Further mmeraloglcal studies at Broadlands were conducted by Eslinger and Savin (1973)
along with Blattner {1975), they focused on the details of oxygen isotope variations in the
hydrothermal system. Sulfide sulfur isotopes have been characterized by Browne ef af. (1973)
while Browne. et al; {1976) reported the first extensive fluid mc[usmn study of a geothermal
system. These and other geochemical stiidies are summarlzed by Hedenquist (1986).

Gold-rich precipitatés deposited in Ohaaki Pool from about 1957to. 1966, associated with an
¢pithiermal suite’ of elements including silver, arsenic, antimony, mercury and thallium (Weiss-
berg, 1969). In addition, base metal sulfides are common at depth (Browne, 1969), and have
beéen the subject of muich detailed study (Browne, 1971b; Browne and Lovenng, 1973; Bwers
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and Kéays. 1977}. These results have be€n reviewed by Weissberg er al.. (1979) and Browne:
(1986). The méetal transporting capability of the deep Broadlands fluids was clucidated by
Brown (1986), who demonstrated unequivocally the analogy of this active system 1o the.
environmént of epithermal mineralization.

GEOLOGY AND STRATIGRAPHY

The Broadlands-Ohaaki geothermal system lies near the eastern fault margin of the Taupo
Volcanic Zene,-which comprises a principal andesiticiarc’and. further west; a marginal basin.
The area has experienced volcanic and tectonic (mainly fifung) activityfor at léast one millien
vears (Cole. 1979,'1984). The voluminous cale-alkaline rhyolitic etuptions have taused-caldeta
subsidence and résilted in the formation of variably welded pyrociastic figws. These flows and
their reworked (lacustrine) equivaleiifs, plds airfall tuffs and pumice breccias, dominate the
stratigraphy..overlying the block-faulied Mesozoic greywacke basement.

Recent airfall deposits doniinate the surface geoloay at Broadlands, due to the low-relief (300
m a.s.|. at the Waikato River to-amaximum in the area.of 330 ma.s.|.'at the power statiowen the
west margin of.the sy stem), The subsurface geology is known mainly from the study of-dritlcore
and cuttings (Grmdlex and Browrie, 1963 Browne. 1971a. 1973a; Wood, 1983). In addition 10
the flat lving pyroclastic- flow and airfall depdsits. theré dre several interbedded (laterally
discontinuous) rhyolite and dacite fléevs: intrusive bodies have not beén identified. The
volcanics rest uncémformably on ‘the are\\mckc and argillife. basement, as shown in the
southeast—northwest cross=section (Fig. 3:approximatclyat a right angle-to the dominant north
northeast structural irend in the region).

There 1§ 4 large amount of relief on the basement surface due to faulting {at least 800 m
between BR7 and BR15. 3 km distant); however, this, faulting'does notextend: appreciably into
the overlying volcanics-as most are laterally continugus (Fws 3 and.4). A map of basement
elevation (Fig. 5) shows a horst block centered on a line betweéen BR29 and.BR10; the'basement
surface deepens-abruptly to the west: Permeability in the basemient is confined to fractures
related to the faults. However, permeability in the ‘overlying voleanics appears to be concen-
trated along formation contacts (C. P. Wodd. pérsonal communication, 1988), as well as within
some units with aquifer charactéristics (e.g. the Rautdwiri Breccia; Browne-and Ellis, 1970)
Wan and Hedenquist (1981) suggested that northwest trending structures may explain the
elongation of the thermal-anomaly in that direction (Fig. 2).

Shallow rhyolite flows are variably permeabte locally they act-as:aquifers to steam-hcated
waters-and adjacent cold groundwater A section through West Bank wells (Fig. 4) shows the
extensive nature of the shallow Qhaaki. Rhyotite fiow; the flow is distinct (both.in mineralogy
and hydrelogic continuity) from the Broadlands. Rhyolite flow in the southvest.

ALTERATION MINERALOGY

The silicic host rocks of the Broadlands.system originally contained an assemblage of quartz
and andesine phenocrysts et in a glassy to fine grained groundmass. Minor amgunts of
hornblende; biotité, hypersthene, magnetite, ilmenite, apatite and zircon were ‘also. present
(Browne and. Ellis, 1970: Browne, 1973a). Quartz and apatite have been little affected by the
hydrothermal alteration, whereas the other primary minerals have reacted to a varying degree
depend:ng largely on the- temperature and permeability (i.e. fluid flux; Browne, 1978). Primary
minerals are little affected where'the. temperatures;are low (on the margins of the system) or
where there is poor permeability resulting-in little fluid flow (despite high temperatures, ¢.g. in
some of the dense rhyolite flows and wclded ignimbrites). In contrast, the highly porous afid
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Fig. 3. Northweki=southcast cross;declion through thé Broudlunds svstem showing straugsaphy (Browne, 197l
Wood. 1983) and isotherms (initial measurements afier post-drilting stabilization: Ministrvof Works and Development,
1977, andd the.inferréd (schematie) distfibution of CO:-rich, steam- heuted witers 1\Llpi‘1|uj] us well as general patterny
of bmlmﬁ dnd dilution.. Boiting L.Dndnmm pre\;nl across most of The buse of th st from at least 3¢, where the
iSotherm is near horizontul. and continue.to the near surfacedn:the two zones.of uptlow. The steum-heated waiers form
over the top of the system and then-may drain deeper levels on the maraing du; to Wit ralulively uml empersiuré
and higher'density. The posilion Uf c\m.mL {(€xternal) casing ¢arrosion. (Hed;nqulsi and Stewart. 1943}, murked on
BR7. 6 and-25. casing, and some otabe thermal inversions. h;.lp constrain the distribution of the steam-heated waters.
Madified from: Hedenguist dnd Stewart { 1985),

permeable Waiora and Rautawiri Breccia Formations are generally completely attered. Fluid
composition:and, to 2 lesséi-éxtent, rock compoasition. are also factors affecting hyvdrothermal
mineralogy (Browne; 1978).

The principal hydrothermil minéral assemblage at 260°C (600-800 m depth) is.quartz-albite—
illite-adularia-calcite—chlorite-pyrite. Epidote and wairakite-are rare due 1o the relatively high
Pco. (Browne and Ellis, 1970). Calcite.is a commen and abundant mineral. present in core from
all'wells. It forms as-a replacement mineral and also occursas a groundmass and fracture filling.
Quartz is one of the most.abundant minerals, bath as coarsely crystalline fracture. filling (to 2
cm}, as. well as a fine grained product (mcludmv cristobalite at lower ‘temperatures) of
groundmdss devitrification (Browne and Ellis, 1970). Kaolin (including dickite), Ca-
montmorillonite, interstratified illite-smectite, cristobalite, sidérte, leuco¥ene and mordenite
occur inthe cooler, marginal portions of the systemi.

The mineral assemblages discussed héré are consistent’ with preséint temperatures (to a
‘maximum of 305°C; Browne and Ellis, 1970). Where present, the phyllosilicate minerals are
good semiquantitative indicators of temperature and fluid composition (Browne, 1978; Wood,

1983). Montimorillonite typically forms at tempeératures below about 140°C and illite is usvally
restricred to temperatures above 230°C; interstratified illite—smectite, with a 001 basal spacing
between 10 and 15 A forms at mtennediate temperatures. The presence: of kaoliriite indicates
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Fig. 4. North northeasi-south southwest cross-section through West Bank wells, showing the same information as Fig.

3. The extensive presence of steam-hcated waters on the southwest margin of the system is confirmed by the composition

of downhole samples of BR6. 39 and 40 (Table 5). This section is essentially parallel to the dominant structural irend
(and direction of fracture permeability?) in the Broadlands system.

hydrolysis due to a depressed pH, whereas montmorillonite or illite indicates less acid
conditions.

The distribution of the interstratified illite—smectite clays, as well as kaolinite and siderite, is
summarized in Table 1 (data from the detailed compilations of alteration logs by Browne. 1971a
and Wood, 1983). These minerals indicate relatively low temperatures and/or less than neutral
pH values; these mineral occurrences will later be compared with the distribution of the
CO,-rich, steam-heated groundwaters.

The overall pattern of interstratified illite-smectite distribution is simple, and reflects their
position in the system, i.e. upflow or marginal (Figs 3 and 4). Interstratified illite—smectite is the
dominant alteration at shallow (100-300 m) levels; it is not present below depths of 200 to 400 m
over the West Bank upflow (e.g. in wells BR2,9, 11, 17 and 18; Browne, 1971a; Wood, 1983). In
contrast, illite—smectite is present to 300-500 m depth in the East Bank production zone (e.g.
BR25, 27, 28). The depths of illite-smectite occurrences increase to 400 to 650 m towards the
margins (e.g. BR7, 10, 12, 13, 14, 19, 23, 24, 26, 30, 31 and 34). At the cool margins (Figs 3 and
4), illite~smectite is present to depths of 800 to 1400 m (e.g. BRS, 32, 37, 38 and 39).

Kaolinite is not particularly common at shallow levels, in contrast to most other New Zealand
systems, due to the scarcity of surficial acid sulfate, steam-heated groundwaters. However,
kaolinite is present at depths of 400~960 m (Table 1) on the margins of the system (BR6, 12, 31,
32, 37, 38 and 39); this also contrasts with other New Zealand systems, where kaolinite is
generally restricted to the surficial 50-100 m (Hedenquist, 1986). Siderite is a common mineral
atshallow levels (Table 1), but occurs at a greater depth on the margms (160-200 min BR10. 13,
14, 19, 20 and 22; to 400-800 m in BR6, '12 23,27, 30, 31, 34, 37, 38, 39 and 40). Pyrrhotite is
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Fig. 3. Map showing the elevation (in m a.s.1.) of the top of the Mesozoic greywacke basement (data from Browne,

1971a; Wood. 1983); wells which penetrate basement are circled. There is a close inverse corrclation between depth to

basement (local elevation ~300 m a.s.1.) and the CVB ratio. with discharges from wells in the vicinity of the horst block

(southeast) having the lowest CI/B values (Table 3). This may be due to boron being fixed in alteration minerals forming

in the volcanics. once the fluids leave the dominantly fracture-controlled permeability of the basement, or 10 a direct
magmatic input of B in the East Bank (Giggenbach, 1989b).

irregular in its distribution, but is more common in marginal wells (BR1, 4, 5,7, 12, 13, 14, 15,
16, 27, 34 and 39).

The base metal sulfides, particularly sphalerite and galena, are locally abundant (e.g. BR16;
Browne, 1969, 1971b; Ewers and Keays, 1977). They are most common in the casternmost
portion of the system (BR7, 10, 14, 16, 27, 29 and 42; Browne, 1986), though there are minor
occurrences in cores from BR15 (at deep levels) and BR17 on the West Bank.

THERMAL STRUCTURE

Direct measurements
The thermal structure of Broadlands is well known from the 52 wells drilled. The total

discharge testing of these wells, equivalent over the past 20 years to about two and a half years of
the planned production for the 116 MW station, means that the thermal structure has not yet
been greatly disturbed. The temperatures used to construct the isotherms of Figs 3 and 4 were
measured shortly after drilling, subsequent to thermal reequilibration (the formation is cooled
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during drilling). Careful interpretation of the profiles during the post-drilling heating provides
information on formation permeability and the locations of cool inflows as well as temperature.
These measurements were conducted prior to bleeding the well, which often causes two-phase
conditions to develop; later development of internal circulation also masks the predrilling
temperature, particularly by eliminating temperature inversions.

Figure 6 shows temperature profiles measured for several wells shortly after post-drilling
thermal recovery. These illustrate a variety of situations, most notably botiling profiles (e.g.
BR9. 15, 22 and 25). thermal inversions (e.g. BR6. 16, 23. 32, 38 and 39) and lower
temperatures on the margin of the system (e.g. BR12 and 31). The boiling profiles are shifted
from that of pure water (Haas. 1971) due to the Pcq, contribution to the total pressure (Sutton
and McNabb, 1977; Hedenquist and Henley, 1985).

Boiling curves have been modelled by Sutton and McNabb (1977), who calculated that the

Table 1. Distribution of interstratified illite-smectite. kaolinite
and siderite (from Browne. 1971a and Wood. 1983)

Deepest I/S Kaolinite Siderite
Well (m) {m) (m)
1
2 120
3
4 380
3 820
6 797 679-764 720800
7 300
8
9 380
10 630 75
i1 400
12 620 400-610 100600
13 520 100-330
14 550 166
15
16 478 150 (dickite)
17 300
I8 300
19 650 100-180
20 680 100
21
22
23 500 420 .
24 600
25 360 160
26 560
27 400
28 310
29 464 150, 230
30 627 630
31 . 610 92, 503 330, 700, 1096
32 915 610, 740
33 198 .
34 600 101, 378, 512, 600
35
‘ 36
37 >1370 860, 960 347 960 .. .-
38 1160 400 630, 670
39 945 835 630, 736}

40 >360 -, 460 i
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Temperature “C

Depth (m)

1000

¢
06~ CO, ] T
@330C =

1500+ %L, .

Fig. 6. Initial thermal profiles (after post-drilling stabilization) of several wells showing boiling relationships (for pure

water and a liquid containing ~0.6 mol CO,). temperature imversions or marginal conductive gradients (c.g. BR12).

Most shown here (except for BR9. 15. 22 and 23) do not have boiling profiles. as they arc on the margins of the system.

Most production wells have boiling profiles. though they have not been shown to reduce the clutier. Some production

well profiles have a tempcrature inversion in the midst of a typical boiling curve (e.g. BR10). From Ministry of Works
and Development (1977).

deviation from pure water was due to the presence of ~4 wt% (0.9 mol) CO.in the initial 300°C
fluid. A value of 0.6 mol (2.6 wt%) CQO, at 300°C (deduced from an interpretation of measured
CO, concentrations, discussed below) has been used to construct a model boiling profile on Fig.
6. This curve closely approximates the typical thermal profiles present in the upflow portions of
the system.

The profiles which show major thermal inversions are for wells on the margin of the system,
and indicate a lateral flow of cooler waters (either as incursions into or outflow from the system,
e.g. BR6, 16, 32, 38 and 39). Some of the production wells in the East and West Bank upflow
zones have shallow (200400 m deep) inversions (cased off), indicating shallow incursion of
relatively cool waters over the top of the system as well as on its margins (e.g. BR3, 18, 19 and
33; Figs 3, 4 and 6). These inversions are caused by steam-heated water whose chemical
composition and distribution are discussed below.

Overall, deep chloride fluids of the two production zones ascend along a boiling temperature
profile, adjusted for the CO, content of the water (constantly decreasing as it fractionates to the
steam phase). The two principal zones of upflow, centered on the Fast and West Bank
production zones (Fig. 3), are separated by a zone of lower temperatures beneath the Waikato
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Fig. 7. Comparison of past (primary fluid inclusion homogenization, except for BR34) with present (measured)
temperatures (AT, Table 2). The eastern portion of the East Bank and the margins of the West Bank have cooled
considerably. probably due to dilution, since peak thermal conditions.

River. The vapor (steam plus gases) that forms from the boiling fluid ascends and mostly
condenses into and heats cold groundwater (or cooled chloride water) over the top of the boiling
fluid. This latter situation can be deduced from the relative paucity of surface thermal features at
Broadlands (Allis, 1980), despite the common occurrence of boiling (Fig. 6).

Most of the upflow of the Broadlands system mixes with steam-heated waters on the margins
of the svstem and outflows laterally in the subsurface, subsequently being entrained by
groundwater: little deep fluid (~10%) rises to the surface. After eventually joining the
groundwater. much of the upflow/outfiow probably reaches the Waikato River downstream.

Deductions from fluid inclusion thermometry

Several fluid inclusion studies incorporating homogenization (Th) and ice melting (Tm)
measurements have been conducted on Broadlands minerals, mainly quartz but also some
calcite and minor sphalerite (Browne et al., 1976; Browne and Christie, personal communi-
cation, 1982; Hedenquist and Henley, 1985; Hedenquist, unpublished data). Browne er al.
(1976) concluded that the fluid inclusions formed at temperatures similar to those now existing.
However, upon closer examination of a larger data set for mainly quartz (Table 2), some
systematic trends may be observed (Fig. 7).

Obviously necked inclusions have been avoided in these studies. Wide ranges in Th for
primary iniclusions from single crystals may be due to two phase entrapment, as inclusions
homogenizing to the vapor phase are not uncommon, though most data cluster around normal
histogram peaks (Browne et al., 1976). There is a paucity of smtable fluid inclusion material-
from the relatively cool (<220°C) margins of the system. This is not surprising, given the fine
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grained nature of quartz forming at lower temperatures, with inclusions often giving spurious i
) results (T. J. Reynolds, personal communication, 1989).

Samples from 300 to 1400 m depth have been analyzed (Table 2), though most are from 500 to ,
900 m depth. Subtracting the mean fluid inclusion temperature from the present measured -
temperature (= AT) at a given depth will indicate whether the local system has been heating or
Table 2. Fluid inclusion data for hydrothermal crystals from Broadlands wells (quartz crystals, unless otherwise noted)

Range. average Range. average
Depth (number of inclusions) {number of inclusions) Measured® .
Well (m) Th*C Tm°C TC ATC

2 cjecta’ $¥229-263. 235(27) — ~249 -6

3 cjecta” P222-295. 263(77) -0.4to0 —1.0. —0.68(5) ~246 ~-19

7 845! P262-292, 288(18) -0.310 -0.4. -0.38 (4) 260 -28

S244-268. 257(6) -0.210 —0.3. -0.21(16) 260 +3

7 §y3t3 P28%-296. 292(19) - 272 -20

§256-280. 270(46) — 272 +2

7 §96° P249(2) ~-0.910 =1.1. —1.0(2) 277 =23

8 5521 P230=255.247(14) ~(1.8(6) 254 +7

16 REVAR P192-222,202(24) —~0.410 ~0.6, ~0.36(5) 171 -31

il Rally P262-272. 266(12) ~0.21t0 —0.3. -0.28(6) 253 -13

18 i P266-276. 266(14) -1.210 =03, =0.25(5) 239 -11

19 7y P232-276. 266(3) —0.3(2) 276 +10

23 631! P~ S20t-212, 210(5) —_ 228 +18

24 579! S230-232.232(3) - 262 +30

24 73! PI3R-285. 268(38) =03 10 =0.5. —0.43(7) 274 +6

21 s P8A-292. 288(7) — M -11

S250-2800, 266(17) — 277 +11
24 8234 P23(-242. 240(10) -0.8(2) 278 £38
hXl x4} P246-280. 266(4) -0.8(1) 279 +13
$232-282, 252(26) — 279 +25
23 6ot P262-274. 270(7) — 265 -3
S230-272.352(69) ~-0.1t0 —0.5. —0.38(16) 263 +13
25 6807 P246-280. 270(13) =0.9(1) 272 +2
$233-279. 255(31) -0.410 =0.6. —0.50(4) 272 +17
25 713033 P268-274. 270(87) ~0.310 —0.4. =0.38(5) 274 +4
$242-264. 255(50) —0.7(10) 274 +19
27 cjecta’ P252-311. 285(72) -0.710 —1.7. = 1.0(3) ~260 -25
29 136° P194-283, 235(42) -0.6t0 —1.1, —0.85(2) 240 +5
$201-264. 225(18) — 240 +13
34 965* $231-234,232(9) -0.910 -2.0. —-1.5%(5) 210 -22
36 cjecta’ P256-284. 272(15) — ~275 +3
$246-281. 265(10) — 275 +10
42 cjecta’ P267-307. 295(21) -0.410 —-0.9. -0.5(5) ~256 -39
£y} 210" P253-300, 280(28) - 268 ~12
43 cjecta*? P290-314, 304(28) -0.91t0 —1.4, —1.15(4) ~278 -26 .
; 44 610** P284-285. 285(8) — 266 -19 -
: 44 1410°*° P285(7) — 285 0 i
45 490* P249-263, 255(16) —0.5t0 —0.9, —-0.6(7) 256 +1 ‘\:Y
'Browne et al.. 1976. 2
2Brownc and Christic, personal communication, 1982. ‘;,
3Hedenquist and Henley. 1985. 3
4Hedenquist. unpublished. d
3P and S refer 1o primary and secondary inclusions; most data sets are for individual crystals. 3
“Where samples are ejecta, measured temperatures have been taken for the principal feed zone depth, determined e
from circulation losses and flow tests. o
7AT = measured T — average Th. The average Th generally matches well with the observed histogram peak (Browne
et al., 1976). In some samples there are large ranges of Th, caused by a few discrepant inclusions. Although care was
taken to avoid necked inclusions. this and/or two phase entrapment may be the cause.
" A value of +0.5°C was excluded, as it was probably due to CO, clathrate melting (Hedenquist and Henley, 1985).
YCalcite crystal, except 16-347, which is sphalerite.
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cooling since inclusion formation. The curvature of the boiling temperature profile from 500 to
900 m is slight (only +3°C deviartion from a straight line); therefore. it is not unreasonable to
compare heating or cooling (AT) results over the 500-900 m depth range. For example, 10°C
apparent cooling from the time of fluid inclusion growth to the present could be caused by a drop
in the hydrostatic head by about 90 m, or even by an increase in the gas partial pressure (which
will depress the boiling profile). However. in the case of Broadlands, independent evidence
suggests such cooling to be caused by the incursion of marginal waters (see below).

The pattern of thermal evolution at Broadlands, as indicated by comparing the mean of fiuid
inclusion homogenization temperatures with the present (i.e. predrilling) measured tempera-
tures, is shown in Fig. 7. The fluid inclusion results for some wells (e.g. BR24) are complex.
indicating either heating or cooling at different depths. For this general discussion. the AT
values for each depth have been averaged for each well (except for the two inclusions from BR7-
896, which were not included in the well average). However. when viewing the average well
results, the variability in each well (due to variable degrees of dilution at different depths. etc.)
must be kept in mind.

Major cooling is indicated in the eastern portion of the East Bank. with as much as 30°C
cooling at 300-350 m depth in BR16; the present measured temperature at 650 m depth (150°C)
is about 100°C below the boiling temperature for this depth. This cooling has not affected the
alteration minerals nor their isotopic composition. as they record a normal, boiling temperature
gradient (i.e. no inversion) across this zone { Eslinger and Savin. 1973). To a lesser extent (as far
as the fluid inclusion data extend). the north and southwest margins of the West Bank have also
suffered some cooling since peak fluid inclusion temperatures.

In contrast to this recent cooling deduced for marginal East and West Bank wells, there is
good correlation between the fluid inclusion and present temperatures in the core of the East to
West Bank production zone; in fact there appears to have been heating in some West Bank wells
since fluid inclusion formation. Overall. the thermal change from east to west has a regular and
consistent pattern for the wells with fluid inclusion data (Fig. 7).

In most cases, the range and average Th values for secondary inclusions are lower than of the
primary inclusions (Table 2), and agree more closely with present measured temperatures,
indicating that the secondary inclusions recorded the cooling event. This is similar to the
Kirishima geothermal system (Taguchi and Hayashi, 1983). whose focus of activity has also
shifted (assoctated with a drop in the upper surface of the geothermal water in a high relief
terrane), resulting in as much as 100°C of cooling locally.

The progressive cooling at Broadlands around the margins, and particularly in the east,
cannot be explained by a lowering hydrostatic head of the geothermal water. The association of
a large thermal inversion withi"the major zone of cooling in BR16 suggests that incursion of
marginal waters is the cause of the cooling in the east. This is supported by the composition of
the fluids in the inclusions and discharged from the wells (see below).

FLUID CHEMISTRY

Initial discharge composition and downhole sampling

Broadlands well BR1 was drilled in 1965 and first discharged in 1966. Wells BR2 to BR25 were
drilled from 1966 to 1971, with each in turn being discharged and sampled once the formation
outside the well had heated to predrilling temperatures.

Most wells were discharged over long periods to test their output and the system’s response to
exploitation. From 1968 to 1971;-33.6 million tonnes of fluid were discharged (Hitchcock and
Bixley, 1976). Thus the initial discharges of wells drilled near the end of this period may have not
been entirely representative of the pré-1966 natural state. H
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Wells BR26 to BR36'weré drilled and discharged between 1974 and 1979, while wells BR37 to
BR45 were completed and saripled over the period of 1980—1984 (B R4 has not been drilled). A
further 23:9 million tonnes of fluid were dlscharged prior to 1988. bringing the total to 37.5
mllllon tonnes (equwalcnt to about two and a half years of the.planned production); only 8% of
this has been reinjected.

Much of the discharge and production fest-datd are confidentiat. However. most of the imifial
dlscharge chemlstrv is dvanlab!e (Mahon and leavsou 1972; Mlmstry of \\ orks dnd Develop-

am]y for walcrs collected from. lhc warbo‘c separaled at atmosphenc pru~ure “buta ft\\ are
waters collected from a Webre separator at pressures above:atmospheric. In conjuntction with
‘measured enthalpies of discharge and the quartz geothermometer temperature of the fluid {thé
latter providing a good estimate of the feed zone temperarure: at' Broadlands), steam fractions
can be calculated and the fluid compaosition corrected to reservoir concentrations. Oply total
discharge gas concentrations are listed in Table 4 (see below). as correction for excess enthalpy
conditions is based on tenuous-assumptions.

Several wells on the margin of the system were not-hot enough to dischdrge after reheating.

(e.g. BRS, 12, 16..32, 34, 38, 39 and 40; Fig. 6), and required éithér to be airlifted. or sampled
downliole. Table 5 llsts recent downhole samples for several wells. some attwo depths. These

samples hdve béen collected by a Klyen downhgje sampler: some were collected by a samplet’

modified to sgal in the initidlly dissolved gases, subsequently bled into caustic soda at
atmospheric pressure after the sampler 'was recovered. Collection of this CO,. which would
otherwise: escape w ‘hen opening the'sample bottle 1o aimaspheric pressure. alieus estimation of
the dissolved CQ, concentration of the.marginal waters (see below).

Fluid-types and evidence for bqr’ff{;g and mixing
“The quartz and alkali (Na—-K-Ca) geothermometer temperatures (a§ summarized by Four-

nier, 1981) have béen caleulated for the initial discharge samples. taking into acéount steani

fraction (Table 6). For the weirbox-waters, the, chloride concentration in the resery: ol has beén
corrected for thé steam fraction (Table 6); the: reservoir steam fraction due 10 “excess enthalpy™
conditions has alsé beén taken into dccount where necessary. A discharge is termed “excess
enthaipy” when the feed zone is two phase, or wheré there isa separate vaporcontribution to the
well. In this situation, the measured enthalpy is higher than that'expected for a liquid at the
measured or geothermometer temperature of the feed zone, and the gas content of the total
dischirge is.greater than'that in the liquid reservoir. For the generally coolér downhalesamples,
meaired temperatures are listed along with the chalcedony (Fournier. 1981) and alkali
temperadtures. A correction to the reservoir chioride concentratigns is not necessary for
downhole samples, 4s there is no steam fraction lost.

The reservoir liquid éhloride toncentrdtion is plottsd against the -enthalpy of the reservoir.

liquid for each well in Fig 8to de’duce thr’: felati{)nship‘ be’tween 'ﬂuids across the system in its
s:mple steam gam trends from reservoir cundmons (Hedenqmst eral., 1988), 50 that correctmg
for this effect allows mixing relationships to be identified. ’

Figure 8 shows'a simple. pattern of initial reservoir composition, with'West Bank production
wells having similar-temperatures but fluids with slightly higher chloride concentrations than the
East Bank production wells. Wells that are marginal to the East and West Bank production
zores (Fig.:2) and are.now used for injection.or monitoringshave water compositions which plot
on a linéar trend:away from the production fluids'and towards an endmeniber with zero chloride
at a temperature of about 150°C. This marginal water, which dilutes the ascending: chloride
fluid, i$ steam-heated groundwater, hence the high temperature and zero chloride: of the
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Table 3, Initial tischarge composition, m Broadiznds wells (all coneentrnions in ingfkg ), Must madysesate volleeted from o weirbws Gad ummphuu prussure ); therest
are from o Webre separdtor, Dty frani Mahon tind F finlayson (1972). Minisiry, of Worksanid I)s.\Llnplm.nt (19773 and DSTR Giles. WoH 1P aad C12. refer 1o wellhead
pressure and calleciion proessure

W.H.P, ‘ C.r
hitr Enthaipy bar Aniilysis

Well Dale (Bunge) kel kg (L:uug,u} EES 1Ll Li N K iy Ny R s el H(), h Sithy. BCO, NHj

BR1 1266 — — 0. 20 B3 OMLY MRS (52 6 — g e 170 43 4R 568 [ 12
‘BRZ. 23/8/66. 16.9 1256 Q.0 20 R0 187 10%0 22 22 008 220 1P 13 B0 4840 803 178 2
BRI, 28M4/07 I7.6 1325 .1 25 I S s 23 RS I I e TR PE TR b 1! o) 853 728 174, A0
BR4 294268 .3 1540 0.0 25 /02120 NIDS 203 AR 02 X0 L4 WEe 200 6l 500 145. 25
BR5  14]1/67 1.2 - t.t 2y .1 48 Moir 146 - —  —  — 14— 234 — 1 —
BRG 1267 4.4 _ [iff#] 20 7.7 1:2 35 B hh SR — b S 12 80 2284, —
BR7 lS.FS,f{;B 120 ‘gzgn 0. 25 HEFIRD KT TN | P O 7 Tt [ I D i K27 i Y1 1.1
BRS /"29/2/68 11.2 201 0.0 20 o0 L4 ¥3S o m2 Ju 04U 2y Lo 1888 88 326 e 157 23
BRY 27411768 10:1 1175 ] 22 RS0 KN4 WOS. 217 4N 036 240 LS00 176s 5.0 461, 855 144 .4
BRIO  18/10/68 A RIS ) 22 RO WA W 2 L 005 i LAy 1244 115 5500 635 553 12
LoBRIL 2878768 16.6 1222 i} i PURE S W B U1 { LY - S 00 S AN P P N I C TR VR S 7 i3
BR12 5/12/68 4.1 430 0.0 a 935 100 K700 983 XU 003 D95 125 udel 3500 4L0 4500 239 —
BRI13 27/11/68 15.0 1261 0.0 2 860 129 Wl e 2 0l 220 L3 a6k 25 486 7800 168 LS
BRI4  &/2/69 16.2 1743 . 22 KA LS BEOO07S IO 030 el LU 1482 60 474 844 218 14
BRIS 3470 19:6 1300 b 2% 835 LS Wew W7 57 U3 L& 135 17s0 7.0 875 b6 30 20
BR16  16/1/70 - — 0.0 20 §75 635 30 85 8.5 746 051 047 S8 45 406 265 555 120
BRI7 24/470 131 1347 u:h 120 S.05 0.0 00 224 48 D09 186 L8 (778 55 460 765 (15 1.9
BRIS 24470 9.3 1815 oo 24 RO T 237 DH0A8 LR IR0 1988 40 SRS 635 25D 3.0
BRI9 2474170 12 1183 0.0 20 B25 118 BS0 2006 25 005 L0 1700 17200 2060 482 8IS U785 19
BRIV 273171 1.0 1280 0o 20 g4 122 Ty 28 L8 U L% 207 1R xS oeg w22 200 —
BR2L  17/87) 1.0 190 0.4 21 B2 23 10700 209 57 04 19 200 1893 175 597 951 13 57
BR22 45 1.6 14ty 0. 20 RO 1249 WS 228 2o 003 20 200 (KTF 100 605 vl — —
JOR23 o o 9g 11143 W 20 R40 1272 g 203 2.8 001 mBOO 200 0656 120 517 853 2 —
BR24 181U 7.1 - 0.0 )| — b O3S I3 Dpe b3 L 1M 112 4760 T8 — —
BRIS 1579771 32 1269 0.0 20 RIO 19 H95 ARy T4 D04 LR L6 1429 145 CSLe 1052 30 —
BR27 /16 36y 1314 . ] 0,42 NN A0S k6 wo7 LS L7oowsrooane sl a0 w7 —
BR28. 8/10/76 83 1316 o 20 12 1.4 910 135 13 LU7T 1SS 165 1414 L 500 T84 268 —
BR2Y 21475 — — 0.0 20 Rl 123 9IS I6s 2.9 005 13 L5 1280 20 7 R10 — —
BR31  28/5/81 &2 1300 0.4 17 R0 115 976 i96 D N2 175 165 1616 9N W8T T d2 —
BRI 51784 3:5 NS 2.6 26 KAG0 G R Gho e UGS GEN LI 1083 720 4 34 855 —_
BRJS  5/6/80- 26.0 146 U 19 R Y L L 0 — - P2 5240 gl ohS 260 3a
BRI 121479 235 1725 0.0 22 B4 126 98ST 177 L2 — L6 LS5 1405 240 73E 0 w2 A0 —
BR4U 3171784 1.3 670 0.5 2 7.8 33 QS A2 208 3eh 025 0d5 e 1 Ad 227 26 —
BR42  Y/6/R3 15.8 1635 .0 S &P 060 94l 158 20 B05 1220 R34 1R w0 7Ty s 3w —
BR43 12773 190 1324 0.0 12 HA3 (L0 9u2 ind 1 gty 176 LS00 1326 140 435 94 35 —
BR44:  2RTHI: 18.2 1740 00 19 w04yl o417 SR DU Rl e w7 Ly 4s4 edl 213 —
: P45 137 1MSs R0 MEY TS 287 —

BR4S 0/5/84 220 1370 0.0 2 803 10 R0 4% ¥4 oo
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éndmembier. It also has a high dissolved CO, content (up to 0.5 mol; Hedenquist:and Stewart,
1985 and Table S) due 1o absorption of gas at depth from the condensed vapor, which ascends
from tite boiling chloride fluid beneath. The.~150°C CO;rich endmember water cannot result
simply from dllutmn of deep chloride fiuid with groundwatér, as’ thé endmember does not
contaircany chloride. Therefore, its only origin can be’ through steam-heating.

Although: dllutlon of the deep fluid wasnoted edrlier {Mahion and. Finlaysen. 1972). it was not
until severe problems withrshallow casing corresion were first noticed (in December. 1983) thar
the Lhdl‘ﬂC[t?,j’lSllLS and distribution of the steam-heated watets were more closely examined
‘('}-Iedenquiez and Stewart, 19835). Althiough thév-dte highin bicarbonate the H.CO; deminates.

‘hence thevare properly termed €O (or €arbonic dCId) rich waters; the: [01.:1] carbonate:in Table
3 s reported as bicarbohate. but can be speciated at any temperature g ‘given the pH at 25°C.

Thesé weak carbonic icid watérs.are veryaggressiveito standard gg@lhcrmal grouts and stainléss
steél casings. Hence the recognition.of COs-rich steam-heated waters early in the assessment of
a'svstem has a bearing onfuture development,

The phusieal pracesses occurring across the Broiidland$ systent can bé easily recognized from
Fie. § Well BR13. at 2418 m the second deepest.well a1 Broddlands (with production-casing set

a1 1067 m). hasthe hottest and least diluted dischurge. clascst to the postulated-parent fluid (Fig.

Table 4. Gasinwial discharge Ruid from Brosdlands \\1.“\ tmi unl\ Trom early dmh'\ru\.s] from gids analysesof Webre
separator samples, multiplicd by the steam fraction., Dt are from Mabon and Finluyson {1972). Ministry of Works.and
Dudnpnum {19771 and DSIR Ales

WoH P Erithudpy T, His

well Date Hur {#a0ge) kJka- P mmol/ (00 mol 1okl daxch.m CO/H-S
BR) 2812/66 1 2674 1.3 2771 7 396.0
fir2 IR g 1232 4.1 3374 7.1y 338
BR3 2R/6T & 1325 15,1 1224.2 ' 82.6
‘BRA RUTANES 6.5 1848 3.0 12433 4.0
BR7 1575768 12,7 2386 115 TR 126.0
BRS 13168 10.7 1200 578 6767 50.8
BRS. 27/5 16 101 1175 9.7 A7 33.6
BRI 18718068 8.3 1107 8.3 343.9 131.0
BR11 207868 152 1220 1.7 204 43
BRI{Z 1268 41 930 4 20051 7.6
BRIZ  2W116K 15.2 1261 145 262.8 43.8
BRI$ 67269 16.2. 1744, 140 1775.9 84.3
BR13 15/12/64 13.6. 1162 156 110 \ 37.1
BRI7 270 L4, 1508 i0.9 433.6 9.88 46.1
BRIS 31370 12.2 1921 11.4 1810.9 20.95 86:4
BRIS. 244770 1.2 1162 hz 241.7 4.51 53.6
BR2O  19/6/10 287 F169 28.7 251.0 351 1.5

BRZl 2801070 419 7092 5.2 1379.0 1.2, 62.1
BR22. 2810470 5.1 1399 13.2 5786 .35 67.7
BR23 237371 1.0 ‘1042 27 168.8 133 50.7
BR24  27/6/34 18.0 1540 17.3 814.1 1107 73.5
BR23 15777 31.2 1269 30.5 513.0 5.61 91.4
BR27 710076 37.9 1309 10.6 1292.8 111 116.4
BR28  B/10/76 9.3 1315 2.4 606.9 8.72 62.6
BR31  28/3/81 8.2 1300 3.4 276.0 647 42.7
BR33 5184 3.5 880 2:6 115 1.65 67.6
BR3IS %80 26.3 1145 2.8 62.7 2.04 30.7
BR36 1244719 23.5 1725 3.3 1894.8 1819 104.2
BRA0  31/1/84 1.3 &70 0.5 2188 063 3473
BR42  9/6/83 15.8 1635 38 14654 13.69 107.0
BR43 12/7/83 19:0 1320 8.5 1111 8 1013 109.8
BR44 287783 18.2 1740 4.0 13404, 15.06 89.0,
BR4S  30/3/84 22.6 1370 7.0 4658 .19 75.3
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Table 5. Compositianof teeently collectéd dovenhdle saimplés {oneenirtions in mpfkgd. Datlrom DSIR Tles
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Fig, 8, Chloride-enthalpy plot of initial discharge compositions corrected for steam loss and excess enthalpy 10 quartz

geothermometer or measured enthalpy temperatures (the fatter if there is no excess enthalpy: Table 61. Early downhole

samples are plotted at measured iemperatures, with their depth shown in parentheses (m). East and West Bank wells are

targely distinet from each other in terms of chloride. with the former showing evidence for deep dilution; the diluent is

identified from marginal wells us being sicem-heated. with a temperature of ~130°C (e.g. BR6). Downhole samples (=

symbols: Tuble 3) collected after extensive discharge (inset) indicate variable amounts of induced dilution by this steam-
heated water. Madified from Hedenquist and Stewart (1985) and Hedenquist er af. (1988).

8). This parent fluid composition is determined from the intersection of the boiling trend for the
least diluted reservoir liquid (BR18) and the dilution trend that lies over all reservoir liquid
compositions. Most other wells have solid production casing set at only about 500 m depth, and
produce from one or two principal zones located at about 500-1000 m depth. As can be seen
from Fig. 8, East Bank production wells have reservoir fluids that must have been diluted from a
parent fluid of composition similar to BR15 by mixing with 15-25% of steam-heated water at
depths below the feed zones. In contrast, most West Bank production wells have reservoir fluids
that are approximately the boiled equivalents of the parent fluid, with some showing very slight
dilution.

As the deep chloride fluids ascend and eventually mix with the overlying and marginal
carapace of steam-heated waters (Figs 3 and 4), they produce greatly diluted and cooled fluids;
evidence for this extensive mixing comes from the composition of waters on the margin of the
system in injection and monitor wells. These zones of mixing correspond to the measured
temperature inversions noted in marginal wells (e.g. BR16 and 38) and at shallow levels over the
production zone (e.g. BR3, 18, 19 and 33). Thermal inversions on the southwestern margin of
the system at shallow levels (e.g. BR6, 39 and 40) are also evidence for lateral outflow along the
major south southwest-north northeast structural trend (i.e. in the plane of the section of Fig. 4)
from the West Bank upflow. ’

Ohaaki Pool is responsible for most of the natural chloride discharge to the surface. Its
composition (Fig. 8) indicates that West Bank fluids are also diluted by steam-heated waters as
they ascend to shallow depths. This is evidence for the proximity of the steam-heated waters to
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the northern margin of the system, where they:probably exténd over the upflow zone at shaflow% ; ;
levels, (1 e. BR3, 18, 33, Fig. 4). E

Further evidencefor the extensive distribution of the.steam-heated waters comes from a
comparison of réservoir compositions of initial distharges with recent {post-long term discharge
test) downhole sampling (Fig. 8, mset) In fost cases, production wells show a change in
composition consistent with dilution by steam-heated waters. with the: dilution having been .
inducéd by depressurization related to the discharge testing {Hedenquist et al.. 19‘38) This
implies a relatively permeable connéétin between the margindl of shallow zones of steam-
heafed waters angd the produciidn.-zones.

This suggestion‘of a permédble connection is supported by Grant ér al. (1983}, who analvzed
the pressure response 1o discharge testing, They estimuted that during the pressure recovery
following shutdown of the 1968 to 1971 d|s:.hdrne ‘testing. approximately half-of the fuid
discharged was feplaced by Row from the East*Bank to the West Baak reservoir (of the 16 wells
discharged during this period. all but two-are located bnithe West Bank. hence drawdown'in the
West wis oruater) However. Grant e a:‘ (1983} dlso estimated that .lfurlher third of the mass
;dlschargcd wis replaced “by downflow from'the ehivolites above the reservair™ and “mastof the
10 million 1onnes lost from the (Ohaaki) chvolite was in 1urn made up by return of water
dispesed at surface ™. Thus the carapaed Gfsteam-heuted waters over and marginal to the East
and West Bank upflows is'in a delicate hydrologic-balance. but will pénefrate deeper intg the
system once'the hvdrodvnamichéad begins-io decrease. naturilly or due to exploitation.

Isotopic.characteristics of Broadlands fluids

Further evidence for the origin of the marginal CO.-fich, steam-heated warers comesfrom an
isorgpe study (Fie. 93. mnduugd by Hedénguist and Stewart {1083), The ise1opic Chmposition
of the fAuids ‘fram the production wells. {¢arrected for steam Toss during sampling) are from
Stewari (1978). and were collected in 1976, The downhote-samples. as well as thase of water
levelwells and logal meteoric waters. wére collecied in 1984,

The local meteoric waters li¢ fear to the meteoric water line. while samples from shailow (15
m) water level wells adjacent to the geothermal wells have a large §édifer (Fig. 9a). Many of the
shallow wells are hot and some-are boiling; theirwaters have chioride contents varying from#éro
to 850 me/ke (Fig. 9b). Thé isotopic cnrlchmgm of the Zero ¢hloride samples is probablydue to
evaporation related fo steam-heating {Giggebach and Stewart. 1982). It is not surprising that
the zeérothlaride, steam-heated waters have.isétopic compositionssimilar 1o groundwater, since
the'stéam separated from the deep chloridé fluid will have - composition anly about +0.3%s
Neavier in 6'°0 from the meteoric.trend (Fig. 9a) with its 8D value dépendént on the separation
termperature; alse, the steam component necded to heat cold groundwater to 130°C is only
~20%. ‘

BPownhole samples from the.marginal wells generally plot between the deep chloride fluid
compoesition and that &flocal meteoric water, both in terms of 6'30-6D and 6 *O-Cl (Figs 9a and
b),'supporting-the mixing refationship identified. from the'chioride-enthalpy plot {Fig. 8). The.
production well chleride fluids are shifted abotit +2. 5%, ind'S0 and about 45%..in 8D from the
local meteoric- water compositions; although the oxygen isotope: shift. may be-largely due to
water-rock interaction, the-distinet hydrogen isotope shift may be evidence for the. presenceof a
small componeént of magmatic water (Hedenduist, 1986). Broadlands residual gas chemistiry
(the:non reactive N~Ar-He group and the higher hydrocarbons), as well a5 thé high total gas
contentof the fluids (dominantly CO-), indicate a dominant magmatic component for the gases
{Giggenbach, 1986).

Desp:te evidencefor a partial magmatic component to the: fluids, it is not necessary to couple
thé origin of the gases to thatof the wdtér (Giggenbach, 1989a, b). This decoupling of the water
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Fig. 9. {a) 7%0-D plat-of 1976 discharges of produmon wells {Stéwart, 1978} and subsequent analvses of marginl

wells,shallow water level wells, and loca] meteotic water. Inconjunciion with (h) 5 0-Cl compositipns, thesé relations

indi¢ate the dilution of.a deep chloride Ruid by a steam- heaied water. The composition of'siéam fraciionadted from a

deep l:qmd (smular in composition (6 BR22} 5, shown-for séparation. at 26010 GG, condensation of this steam into

meteoric water will not greatly affédt the- isotopic composition of the latter. Momﬁed from Hedenguist and-Siewart
(1983

from gases {and possibly chleride) could be dué to the transfer of heat and magmatic
components-in a layered, double diffusive convection cell (Griffiths, 1981), The 6"*C compo-
sition of Broadlands €O, dnd CH, (Giggenbach. 1982; Lvon and Hulston, 1984) also indicates a
large magmatic component to'the totat carbon. This cell would separate the magma from the
Overlymg meteoric ¢convection, and could aceount for the-observed variation in sahmry and gas
contents 6f geothermal $ystems in the Taupo Volcanic Zone (Giggenbach: 1989a. b).

Gags composition of the chloride fluids and stean-heated waters

Broad!ands along with Rotokawa and Kawerau, has oné of the highest gas contents of New
Zealand geothermal systems {Hedénquist and Henley, 1985, , Fig: 1; -Giggenbach, 1986, Eig. 2).
This high gas content is related to-its location along thé eastern, andcsmc arc-margin of the
Taupo Volcanic. Zone. (Giggenbach, 1986, 1989a, b; Henley, 1989) and the magmatic com-
ponent to the gases.

The distinction between East Bank and West Bank chloride ‘fluids (Fig. §) is also evident in
their N;-Ar-He relatiofiship (Giggenbach, 1986, 1989a. b). East Bank fiuids-appear to have a
more “magmanc signature- {i.e._higher NﬂIAr and N./CO, ratios) than West Banks fluids.

Assuming the same source for the* deep fluids, this difference:may be due 16 a greatér degree

(i.e. age) of water—rock interaction in'the. Eastthan West, Thus the capacity of the host rocks in
the East Bank to overprint or neutralize, magmatic signatures of componeits in the fluids may
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now be less. than in the West Bank (younﬂer) portion of the system. In: Lomrasl Gl enbat’:h

Qb,serve,d VaI‘lﬂthI'lS. :

The gas concentrationsin total discharge for the:initial Broadlands samples are listed in Table '
4. The CO, and H,S ¢oncentrations reported account for =95% of the tétal ghses analyzed in
the steam samples collected by Wébre separator (Ellis and Mahon, 1977 }; these samiples were
gcnerally collécted at the'sarie time as the weirbox liquid samples (rcs;dual gases suchasNa. Ha,
CH,, Ar, He, €t¢. are reported by Mahon and lem son, 1972: their relations are discussed b\v
Glggenbach 1980, 1986} The total discharge ga% concentratidns are determined from a
calcilation using the steam fraction at the sampling pressure.

In ‘cases whcre the measured enthalpy and the enthalpy of the liquid at the quartz
geothermometer temperature are similar (within analvtical errorfor thedwo measurements. sav
~60: kJ/kg}, a single-phase liquid féed to the well is indieated. and the gas.in total dis¢harge is
equivalent to the dissolved gas concentration in. the reservoir Liquid, Howéver. it situations
where there is a two phdie feed to the well (llquld plus vapor, ie. €xXcess enthalpy).
determination of the original gas concentration in the liquid is not-pessible withbut assuming
that all the excess steam came {rom the same.zone as thé liquid. and that equﬂzbnum)
fractionation ofthe gases applies: the second, assumpuon is denmonstrated below to be doubtful.

Allinitial tbtil discharge gas concentrations have been plotied on Fig. 10. and madel curves
calculated for gas fractionation between a boiling liquid and its corresponding vapor phase’
(Glover. 1970). The liquid model curve lvas begn adjusted ro be consistent with the lower limitof
gas concentrations, passing just above most-of thie plotted data; higher gas concentrations are
most likely due to two phase canditions of discharge. as noted by independent gas:equilibria
relationships.(Giggeabach. 1980). "

250 " i U | P |

2004 » Wesr Bank

East Bank

# Excess enthalpy welts

10 100 1000 10000

) 002 mmol/ 100 m

Fig. 10. €Oy (mmol/100 mol) — CO./H;5 ratig for total discharge compositions (Table 4}, The Hx variation in‘total

CO, between wells, as well as the vatiation in, CO-/H:S ratio. can be accounted for by gas'loss from a boiling liguid,
andfor a twao- phase mixture of 1|qu:d plus vapar (i.e. excess enthalpy discharee). This sit‘u"zition has been modelled
assuming 8:280°C. llql.lld of compesition similar to BR19. with the parént 300°C liquid compc:usmon calculated for single
step. separation; ihe coexisting vapot composition has also bccn calculated for separation in 20°C Seps. These
endmember model curves eavélop miost of the. gas data, with m:ermedlale points rcsultmg from éxcess enthalpy
mixtures (&.g. BR4 14 and 20 plotting near the vapor curve),‘or from continuous vapor.separation from the 300°C
parent fAuid (modellcd by 1°C steps—dashed line). The: anomaloush ow 1,58 for BR4D (('.OJH;S 347 notplatiEd) is
due ro thedominancéafthe Hy$%depléted, stéam-heated companent: sce text, The higher gascontentsin total discharge ©
for East Bank wells is due to thé common occurrence: of exccss enthalpy conditions, which results from lonver
permeabilities here,-possibly due to the aburidance of illite, depc:sned into fraciures.
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The initial (preboiling) gas content of the parent fluid at 300°C has been approximated by
extrapolating the gas in liquid model curve, calculated to conform with the BR19 gas
composition at 280°C (Fig. 10). This calculation gives a parent fluid that contains ~0.62 mol (2.7
wt%) COs. with a CO,/H.S ratio of 132 and a total H,S of 0.0044 mol (0.015 wt%). A model
curve (Fig. 6) of 0.6 mol CO- at 300°C (subsequently reduced through boiling during fluid
ascent) closely matches the measured temperature profiles of wells in the upflow region. This
total gas content is comparable with the 0.9 mol CO- estimated by modelling the vapor
pressurc—depth relationship (Sutton and McNabb. 1977) for the hot wells at Broadlands (i.e.
their deviation from pure water vapor pressure curves).

The variations in gas concentrations between Broadlands wells are easily interpreted as due to
boiling and gas loss. or to two phase (excess enthalpy) conditions existing in the reservoir. The
excess enthalpy of discharge. probably due to relatively poor permeability. accounts for the
anomalously high CO- in total discharges. particularly from East Bank wells. An exception to
this simple pattern of gas chemistry is present in BR15. which has a verv much lower CO,
content and CO+/H,S ratio compared to that expected for such a hot and high chloride discharge
(Fig. 8). This suggests that the BR15 Webre gas sample (not collected at the same time as the
high temperature and high chloride weirbox water; Fig. 8) is not representative of the deep
Broadlands liquid. but may be related to a shallower feed zone.

The gas concentrations of the steam-heated waters can be expected to vary depending on the
degree of vapor condensation. Table 3 lists downhole samples of the steam-heated waters in
which the gases (mainly CO-) were trapped prior 1o depressurizing the sampler. These samples
mdicate total CO- concentrations varying between 0.02 and 0.50 mol. averaging about 0.15 mol.
The CO, concentrations are reported as equivalent HCOj5 . though at the given pH the majority
of COa is present as H.CO:s.

Some of the low total CO. concenirations may be due to leakage of the sampler during ascent,
while some very high concentrations (not reported in Table 5) are probably due to flashing into
the sampler when it was triggered at depth (as evidenced by low sample volumes). However, the
analyses reported here probably represent a reasonable range of CO, values to expect in these
stcam-hecated waters (several duplicate samples showed the technique to be reproducible).
Thus, the CO, content in the steam-heated waters is similar to somewhat less than the
concentration in the deep chloride liquid.

The H-S analyzed in the downhole samples of the steam-heated waters was often below
detection. Where detected. however, the resulting CO»/H-S ratio varied from 300 to 1000; this is
in agreement with a discharge and Webre sample of one of the steam-heated waters (BR40;
Table 1). The elevated COo/H.S ratio in the steam-heated waters is consistent with trends to
higher CO+/H-S of production fluids that show mixing with steam-heated water (Hedenquist e
al., 1988).

This increase in CO-/H-S ratio is primarily caused by a relative depletion in H,S, which may
be due to one or more of at least three processes (Hedenquist er al., 1988): (1) H,S is more
soluble in the boiling liquid so that CO, is enriched in the initial steam (Fig. 10), and therefore
will also be relatively enrniched in the condensate; (2) H,S is partly oxidized upon condensing
into the steam-heated groundwaters (elevated sulfate concentrations are noted, from 20 to 300
mg/kg, but not to the extent of producing acid conditions); (3) some of the H,S is fixed as iron
sulfide (pyrite is a common alteration mineral associated with the CO,-rich, steam-heated
waters at Broadiands, and can reach 8 wt% at shallow levels in BR16; Ewers and Keays, 1977).

Patterns in fluid composition from fluid inclusion data
The variation in temperature and fluid composition across the Broadlands system can also be
detected from systematic changes of fluid inclusion data. Astpreviously discussed, the fluid




ol

E—

ird J effrel‘ W Hedénguist

inélusions trapped by hydrothermal crystals (mamly quariz, but alsdsomecaleite)at Broadlands

record a higher-température:at-the time of their formation than fiow prevails in a portion of the J(ww

East Bank productiorrzone and the margms of the West Bank.

“In order 10 assess the boiling-and mixing-relations from fluid inclusion data, homOgeﬁizdzion @
{Th) versus ice.mélting (Tm) data have been plotted (Fig, 11}. This plot.is similar in style to'the &

chlortde{nthalpy mixing diagram (Fig. 8). extept that Tm is a measure of all dissolved
components’in the fluid, not just chloride (Hedenquist and. Henley, 1985). Theréfore, CO- in

solution will also make a swmﬁcam and sometimes dommam conttibution fo Tm Most
production wells have, a fluid with total miotality of dissolved salts (Na + K — €a + Cl + . ) of
about 0.05 mol (0.2 wi% NaCl equivalent), whereas CO woften(.1t00.3mol. This mcansthar

C@Q, will contribute tmm o 1e-8ix fimes as lT!U\.h to the T as will the éalts. Hence bmhnu and
Tonsequeni ga;,xioss will have d tirge éffect on Tm (e.g. 30% oraliguid’s COscontent is lqst as.it
<cools by open system boiling.{rom 260 1o 255°C).
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Flg 1. Th-Tmplot of fluid inclusion ddta; with well and. meter depthi-for somé samplés: Two trends are appdtent, one

s dilution {mixing) frpm: hzgh 10 lower temperature (thzough BR16:-347); the other data fit-a gds loss (boiling) curve

{calculated for 53°C, nultistep separation). or are enveloped by the curves forthe two endmember processes. Compare
with the chioride-enthalpy plot'of present fluids (Fig..8), where, marginal wells BR7; 16: and 29 also show evidente for

‘dilution. The deep: paled “fiuid hed aprebmled €O, content of ~0:75 mal it —307°C {assuming 0.2 wt% NaCl equiv. was

also preseat), bdsed on'interséction of these two. trends. The diluent had a temperature of ~160°C {z6m estrapolatipn of
the dilution trend (assummg zera chlgride and ~0.1 mol €G. content). The BR33-965 sample contains secondary
inclusions in a quarrzphinocryst. Modified from Hedenguist and Henley {1983).
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Th and Tm data from Broadiands fluid inclusions can be interpreted in terms of a boiling (and
gas loss) trend. and a dilution trend, just as in the chloride—enthalpy diagram (Fig. 8) for present
day fluids. Samples plotting between the two endmember trends indicate that both processes
have occurred (again, as noted for present day tluids). The paleo-dilution trend is defined by a
straight line though data points including marginal wells BR7. 16 and 29. The boiling trend has
been calculated assuming single stage steam and gas loss (Henley er al.. 1984: Hedenquist and
Henley, 1985) such that it envelopes as close as possible the high temperature and partially
degassed data of BR7. 42. and 43. Since boiling and mixing are the two dominant processes in
geothermal systems (Giggenbach and Stewart, 1982). a combination of these two trends should
account for most of the variation in the data.

Extrapolation of these two trends to high temperature define the temperature and compo-
sition of the paleo-parent fluid (unboiled and undiluted). This_js approximately 307°C.
Assuming that the present salinity of 0.2 wi% NaCl equivalent has remained approximately
constant (i.e. contributing ~—0.12°C to Tm), the gas content would be about 0.75 mol CO, (3.3
w1%) in order to account for ~1.4°C of the —1.5°C Tm (Fig. 11). This agrees closely with the
parent fluid temperature estimated by intersection of dilution and boiling trends for present day
fluids (Fig. 8). and is similar to the present gas content of the parent fluid of 0.62 mol CO, (Fig.
10). Extrapolation of the fluid inclusion dilution trend to lower temperatures indicates an
endmember steam-heated water of about 160°C, depending on its CO, content (i.e. its Tm
value, in this case assumed to be 0.1 mol). Again. this estimate is consistent with the
temperature and CO, content of present day steam-heated waters (Fig. 8§ and Table 3).

CO- clathrates were not observed, except possibly in one case by Browne eral. (1976). This is
consistent with the minimum CO, of ~0.9 mol necessary for clathrate formation (Hedenquist
and Henley, 1985). The lowest Tm values only just approximate this minimum CO- value for
clathrate formation, assuming —0.12°C being contributed by salts and the balance by CO-.
Clathrate formation was not observed in the small inclusions with low Tm in BR34.

The fluid inclusions and their host crvstals do not have an established chronology. However,
individual variation in fluid temperature and chemistry is recorded in the fluid inclusion data
plotted on Fig. 11. For example, well BR7, which lies on the eastern margin of the system. and
well BR24, which is located between the East and West Bank production zone. both show large
variations over small vertical ranges. This may be caused by intermittent and/or local incursions
of cool, diluting fluid. Variations in the degree of boiling (related to periods of depressurization
caused by fracturing?) may also explain the large variations in Tm (i.e. large variations in
dissolved gas contents), particularly where there is little variation in Th (e.g. BR34-965).

Therefore, the magnitude and duration of boiling and dilution have been variable over the life of ..

the Broadlands system, though in general the paleo-patterns are in agreement with those
deduced for the present system.

Overall, the fluid inclusion data show that boiling of a CO,-rich deep fluid has been occurring
since fluid inclusions have been forming, and that a steam-heated water has been present and
acting as a dilutent in a manner similar 1o that at present. The presence of dilute. steam-heated
waters may be more extensive now than during growth of fluid inclusions in marginal wells, as
indicated by the change in temperatures (Fig. 7).

SATURATION CONDITIONS FOR RESERVOIR FLUIDS

The weirbox water and Webre gas analyses allow the total discharge composition of each well
fluid to be determined. Where thete is a single liquid feed to. the well, the total discharge
composition is representative of the reservoir liquid and can be speciated to the feed zone
temperature, providing activities and partial pressures of components. If there are excess
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enthalpy conditions, activities for most nonvolatile components can be ¢losely estimated aftér
correction for the steam fraction in the feed zone. However, the partial pressures of gases in the;
reservoir liquid component of the excess enthalpy dischargesaré less certain, and will lie within'g
range that witl encompass the actual value (as discussed betow). A calculation of reservoir ligquid
activity ratios.incorporating H™ is also difficult in this casé, and their relevance is limited. :

Data from Tablés 3,.4 and 5 have been speciated to their reservoir conditions by means.of ai-
modified version of the-program ENTHALP { Truesdell and Singers, 1974). In addition 1o the
reservoir temperature (deduced from silica and Na-K—Ca geothermometry and measured
enthalpies and temperatures) and an estimation 6f the degree of excess enthialpy (ex H). values
forréservoir pH and the state of calciterand K-feldspar-K-micasaturation have been caléulated
(Table 6).

Excess-enthalpy conditions

When a geothérmal wéll dischargesa fluid that is two phase (excess enthalpy) at the reservoir
feed pemt(s) ‘détermination of the gas composition of the liquid phase is complicated.
Calculation of the stéam fraction at the feed 1o a well is possible through an iterative process
using the silica concentration to estimate the feed temperature (R. B. Glover. personal
communication. 1983). Calculation of the feed zone temperature thus allows a ¢orrection of
total discharge concentrations of nonvolatile species to their concentrations in the réservoir
liquid. However, correction of gas concentrations is'more difficult, as'it assumes equilibrium
fractipnation of gases berween the liquid-and vapor, which.is ndtalways observed in the case of
Broadlands (see below).

Thegas compositions plotted on Fig. 10 can best i explained by a variable mixture of liquid
and steam, with thé wells having the largest excéss€nthalpy (Tables 3, 2 and 6) plotting furthest
from the liquid equilibrium gas loss curve. An €stimdte of the degree of steam {raction in the
reservoir mdy also be- mdependem!\ estimated by assessing the deviation of discharge gas
compaosition from that expected for equilibrium of the reaction (Giggenbach, 1980):

CO; + 4Hy =2H,0 + CH,. 1y .
Koo b
Analytical quotients of initial diScharges for which residual gas dita (H;, CH,, eic.} are
available (Mahon and Finldvson, 1972, DSIR ﬁies) are plotted on Fig. 12. As noted by
Giggenbach (1980) who plotted 1976 data for BR11, 23 and 25 (all production wells), 4
Broadlands residual 2ds compasition approximates equlhbrlum conditions for reaction:(1). This z
gas equilibrium is aiso supported by the values for the initial discharges of BR9, 11 and 13 (all
produétion wells with single, phase liquid feeds; Table 6). However, several initial discharge
compositions plot in the vapor addition field, as would be expected for their excess enthalpies.of
'discharge (Table 6); in particular, BR4, 7, 14 and 24 have 600 to 1100 k}/kg excessenthalpy, and
plot furthest into the vapor addition field. Two exceptions are BR10 and 12, which plot in the
vapor addition field but are fiorexcess enthalpy {Table 6). These: dlscrcpancses and the effect of
excess enthalpy conditions an thé calculated mineral saturation states are discussed in the
following section. The effécts of recent drawdown and depréssurization of the reservoir show up

in gas.data which plot along a gas loss (i.e. boﬂmg) trend (Hedenquist et al., 1988). g..%
Mineral-fluid equilibria }.%»7

Prior to the investigation of detailed tineral-fluid equilibria relations (Lonker et af.,
press), it'is useful'to make a general asséssment of the state of saturation of Broadlands ﬁulds

‘with respect to the dominant mineral assemblage. In ordér to do this, the affinity (Giggenbach,
"1984) has been calculated for the reactions:
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Fig. 12, Plot of temperature (of quartz and Na~-K~Ca geothermometers) versus log K for reaction (1), illustrating the
cffect of steam loss (boiling) and steam gain (excess enthalpy discharges indicated by X) on CO,~H.~CH, gas equilibria
(Gigaenbach, 1980).

3KAISI;Oq + 2H™ = KAILSI;0,,(OH), + 6Si0- + 2K™ (2)
and
CaCO; + CO, + H-O =2HCO; + Ca™™. 3)

These affinity values (saturation indices) are plotted on Figs 13a. b versus the reservoir
temperature used for the calculations (Table 6). The wells tapping a liquid phase have
saturations (log (Q/K), where Q is the analytical quotient for the reaction) for the K-feldspar-K-
mica reaction of about —0.4 to —1.0. though the lower temperature (marginal) wells have
indices of —1.4 to —2.5. Thus. almost all wells are undersaturated with respect to K-feldspar
(adularia), and are stable relative to K-mica (illite). This is also the situation for calcite
saturation (reaction 3), with saturation indices ranging from —0.5 to — 1.1 (indicating undersatu-
ration), though the lower temperature (<200°C) wells are more variable (—0.2 to ~1.7).

The notable exceptions to these patterns are BR15 (the deepest and hottest feed of any well),
and the excess enthalpy wells. The BR15 gas concentrations have already been suggested to be
an artifact of sampling (Fig. 10), and will not be considered further. The excess enthalpy
discharges (where measured H > Hq,, by >60 kJ/kg: i.e. the error for enthalpy measurements)
have had two calculations performed. The first assumes all gas is in the liquid phase, and the
second that there is equilibrium fractionation of gas between liquid and vapor (Giggenbach,
1980; Henley er al., 1984); wells with >500 kJ/kg excess enthalpy are only calculated for the
latter situation. .

-The first set of calculations (all gas in the discharge assumed to be in the reservoir liquid) gives
log Q/K values generally lower than the wells without excess enthalpies (due to the artificiaily
low calculated pH values). The second calculation results in values that are higher than those for
the non excess enthalpy wells, mostly indicating K-feldspar and calcite supersaturation (Figs
13a, b). It appears that the true pH (and therefore saturation index) of the reservoir liquid
associated with these excess enthalpy wells will be between the two calculated values (i.e.
equilibrium fractionation of gases between liquid and vapor dges not adequately model the

d
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Fig. 13, (a) Plot of reservoir temperature versus saturation index tog QiR for equilidria between Kefeldspar and
N-mica. reaction (2). Runges of log (Q/K) are for single and two phase calculations of excess enthalpy discharges. (b)
Temperature versus calcite saturation index. Al Broadlands fluids appear to be undersuturated with respect 1o K- ‘
feldspar (adularia) and calcite. except for those with excess enthalpies, which are due to an artifact of the caleulation. '

excess enthalpy situation). Therefore. all wells with excess enthalpy discharges are excluded
from further discussion due to the uncertainties arising from the gas distribution between liquid
and vapor in the local and discharge-induced two phase portions of the reservoir.

The undersaturation of Broadlands fluids with respect to adularia and calcite must be
reconciled with the observation (Browne and Ellis, 1970) of these two minerals being common,
particularly as fracture fillings. One possible explanation may be that boiling of a fluid in high
permeability fractures leads to sufficient gas loss from the liquid to cause both minerals to
precipitate in fractures, as observed. This contrasts with the rock-dominated fluids present in
the formation. This distinction in mincral-fluid equilibria between wallrock and fractures is
supported by the common presence of illite in the wallrock (Browne, 1973a). X

The marginal CO,-rich, steam-heated waters are also undersaturated with respect to adularia
and calcite. However, effervescence of BR6 waters during discharge caused aragonite to
precipitate (Browne, 1973b), supporting the suggestion that extensive boiling and gas loss in
fractures can lead to carbonate saturation. Relatively recent mixing of deep fluids with the %
‘marginal CO,-rich steam-heated waters may also account for the present undersaturation with %'
respect to calcite and adularia (see below), though etch textures in these minerals have not been \
noted (Lonker et al., in press). 3

Giggenbach (1980) noted that the deep production fluids at Broadlands have H-/H,S ratiosin =~ %
accord with equilibrium between pyrite and ferrous iron (FeO) present in a silicate mineral, 4
probably chlorite, and suggested the reaction: ;
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Fig. 14. Temperature versus log H-/H,S for pyrite-Fe silicate and pyrite-pyvrrhotite equilibria (Giggenbach. 1980) for

reactions (4) and (3). Most data retlect pyrite-Fe silicate (chlorite) control on H;/H; S (those for excess enthalpy wells.

labeiled with x, have high H. due to fractionation effects). Exceptions are BR10 and 12. whose gas data suggest
pyrite—pyrrhotite control on the margins of the system. consistent with the mineral assemblage here.

FeS, + Hy + H,0 = FeO (silicate) + 2H,S. i4)

This reaction is supported by the initial discharge gas chemistry (Mahon and Finlavson. 1972:
DSIR files) for production wells such as BR3. 8. 9. 11. 13, 20, 25 and 31 (Fig. 14). which have
little or no excess enthalpies (Table 6). However, several other wells with higher H./H-S ratios
do not agree with pyrite—chlorite equilibria (e.g. BR4. 7, 10. 12, 18 and 24): for their reservoir
temperatures. a much lower H»/H.S ratio would be expected. This can be explained for wells
BR4, 7. 1§ and 24 by the excess enthalpies of discharge (Table 6 and Mahon and Fintavson.
1972). Since H- fractionates much more strongly into the vapor phase than does H.S (Ellis and
Mahon. 1977; Giggenbach. 1980), vapor-rich excess enthalpy wells will have fluids with much
higher H,/H,S ratios than the parent liquid (Fig. 12).

The anomalous H4/H-S ratio for BR10 and 12 (also anomalous for CO,-H,—CH, equilibria;
Fig. 12), however, cannot be explained by vapor-rich discharges, as they are not excess enthalpy
wells (Table 6). Rather. thev agree with H,/H,S ratios expected for pyrite-pyrrhotite equilibria:

FeS: + H: = FeS + H:S . . (5)

This is similar to Waiotapu (Hedenquist, 1983a). where the relatively reducing (high H,)
conditions are probably due to organic carbon present in lacustrine beds (Hedenquist and
Browne, 1989). There pyrrhotite being pseudomorphed by pyrite is good evidence that reaction
(5) controls the H,/H,S ratios.

Pyrrhotite at Broadiands is restricted to local occurrences in BR1, 4, 5, 7, 12, 13. 14, 15. 16,
27. 34 and 39 (Browne. 1971a, 1973a; Wood, 1983). Given its occurrence primarily on the
margins of the system, its presence may indicate either its formation from reduced groundwater
(interacting with organic carbon-containing lacustrine beds; Lonker et al., in press; Hedenquist
and Browne, 1989) and/or an association with the steam-heated water (Fig. 8). The latter would
explain the anomalously high H,/H,S ratio for BR10 and 12 fluid (residual gas analyses are not
available for other non-excess enthalpy marginal wells). However, the Fe-deficient and
corroding pyrrhotite in BR12 (Lonker erf al., in press) may be evidence that pyrite-pyrrhotite
reaction is controlling the H,/H,S ratio, as noted at Waiotapu, rather than the reverse.

Thus, the saturation indices and -gas partial pressures from wells with reliable discharge
compositions (i.e. wells without excess.enthalpy conditions) indicate calcite undersaturation,
and equilibria with K-mica. chlorite and pyrite. Marginal wells with a component of CO--rich,
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steam-heated waters have lower temperatures and higher acidities than the production wells, -
i

leading to greater undersaturation with respect to calcite and adularia, and pyrite-pyrrhotite . ;*

equilibria (the latter reflecting a relative depletion in H,S). These slightly acid, CO,-rich waters ,:

may also be related to the deep (to 1000 m) occurrences of siderite and kaolinite (Table 1) on the
margins of the system. The siderite forms due to the relatively high iron in the groundwater
component of the steam-heated waters, while the kaolin becomes stable at the 150°C and gas-
rich conditions at the margins of the system (see below).

Dilution and cooling of the chloride fluids by the steam-heated waters. particularly on the
eastern margin of the svstem. may also explain the common occurrence there of sphalerite and
galena through a reaction of the form:

(Pb.Zn)S + 2H™ + mCl™ = (Pb, Zn)CE™ + H,S (6)

(Seward. 1984: Ruava and Seward, 1986). though the actual complex responsible for metal
transport may be a mixed ligand species. The unetched nature of the sphalerite and galena at
depths below 500 m (Weissberg et al., 1979) indicates that they could be in equilibrium with the
present (diluted) fluids. Shallow (350 m deep) sphalerite is etched in BR16 (P. R. L. Browne,
personal communication. 1989). suggesting that the extensive dilution at this level has now
resulted in sphalerite instabihty.

THE GEOCHEMICAL EVOLUTION OF DEEP FLUIDS DURING ASCENT

The deep fluids at Broadlands. prior to the initiation of boiling at depths of ~1500 m. have
temperatures in excess of 300°C (Figs 3. 4, and 6). They are best represented in terms of
temperature and liquid composition (Fig. 8) by the deep discharge of BR15 (cased to 1067 m),
though the deep gas concentrations have had to be estimated by extrapolating model curves to
300°C.

These deep fluids are close to “full equilibrium™ (Giggenbach, 1984. 1988) with K- and Na-
feldspars (Fig. 13). As thev begin to boil during ascent, they cool and quickly shift from Na/K
feldspar equilibrium; in effect. the high temperature equilibrium value of the an,-/ak- ratio is
“frozen in”, particularly in the West Bank production well (upflow) fluids (Fig. 15). This boiling
irend. with little cooling by dilution, is supported by the observed chloride-enthalpy relation-
ships (Fig. 8). In contrast, the ascent of fluids in the East Bank involves relatively deep
(>1000 m) mixing with sieam-heated waters (Fig. 8) prior to their discharge to production weils.
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Fig. 15. Temperature-log (ax,+/ag+) relationship (Giggenbach, 1984) for Broadlands fluids, suggesting that the

ascending West Bank fluids ~freeze-in™ a Na-K feldspar equilibria of ~300°C. while East Bank fluids equilibrate 10

lower temperatures and/or are diluted by marginal waters of lower Na/K ratio than expected for Na-K feldspar
equilibria.
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steam-heated waters eventually pr:;"u.ludi.\ - Auid ever reguining nddlaria st abililv. both in chemical terms as weli as
ph\nml]\ this i% beciuse mixing remives ihe’ uscending hqmd from’its vapor _rdll{)(‘l temperature. i.e. it can o'
longer boil. Continusd coaling b\ dilution, whether it bé with CO -rivh. steini-hezied \\dln.r\ or bycoatl, 'mund\\ ater,

nmudcx the opporunity far kaolinite stability 10 be e uhu,i over that of Hlite—smectite. due o the inereasing
dissoriation of HiCO, with decieasing Igmpemlur; This accounts far the decurrence of kaolinite a1 depth on' the

margins of thesystem LTihlL 13,

f

This dilution "<hii'r"s’tﬁc deep fuid from Na-K feldspiar ¢quilibrium. since the diluent has a
relatively low Na™/K™ ratie comparéd to feldspar equilibrium (Fig. 13). It s likely that.
equilibria mhu [h;m thatinvélving the feldspars controls the lowértempérature Na /K7 ratios
of the steam-heated waters; thi§ may relate to'the fixation of K™ into cldy minerals (Giggenbach.
1988). the latter being particularly common at Broadlands (Table 1). '

The shift of Broadlands :mineral-fluid equilibria from a “full equilibrium™ assemblage
(Giggenbach, 1984.1988) of Na-feldspar-K-feldspar into-the K-mica stability field is mainly due
to the dilution of the deep fluid by marginal steam-heated waters (Fig. §). as boiling by the
ascending fluid genérally favors K+ feldspar stability. This shift in mineral stability is reflected in
the trends depicted on Fig. 16, wheré small amounts df mixing with a coeler water qmckh
removes a fluid from the K-feldspar stable boilingpath into thé stability field of K-micd. Despite
resumption of boiling after dilution. it is difficult for a fluid to évolve sufficient CO, at lower
temperature to again become saturated with respect t6 K-feldspar. Extensive boiling and steam
loss would be mostcommon in fractures,. where afluid boils during ascent with little interaction
with'the rock (e.g. the fluid-discharged from BR33 is just K-feldspar stable (Fig. 16).-and hagthe
lowest gas content of Broadlands wells; Table 4). Vein adularia has been used to indicate zones
of high permeability (i.e. high fluid flow and boiling) ut Broadlandsand elsewhere (Browne. an""
Ellis, 1970; Browne, 1-9?',8).

The shift to illité (and even-kaolinite}stability at Broddlands'is hasténed by the fact tharthe
diluent is'stedm-heated ahd CO,-rich (Fig. 16}. The abundance ot illite (Browng, 1971a,1973a;
Hedenquist, 1983b) in.core from East Bank wells i§ consistent' with the shift in mineral stability
(Fig: 16) expecied fromthe degree of dilution 6f Edst Bank productmn fluids when compared
with that of the West Bank fluids (Fig. 8). This increased dilution in the East Bank, -and its
favoring of illite deposition, may account for lower permeabilities (and resultant excessenthalpy
condmons) present in comparison with West Bank wells.

The interstratified 11[1te—smecute at-shallow levels over the deep upflow,-along  with minor
occurrences of kaolinite (e.g. BR31; Table 2) is consistent with the,presence of relatively cool.
steam-heated waters. Thcse walers may cool even more on the deeper margins of the system, |
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xplaining the more common occurrence of kaolinite hére (Table 1);the stability of kaolinite
¥ over illite at lower temperatures (Fig; 16) is favored by the increased dissociation of H:CO;.
CONCLUSIONS

The deep upflow of chloride fluids at Broadlands is focused into East and West Bank
production zones. The Auid begins to boil at = 1300 m and =300°C with a preboiling g gas-cuntent
of =0.6 mol CO,. Dilution with rharginal steam-heated groundwaters, which. have an énd-
member témpt’ra‘lﬁﬁr’é of about 156°C and containsat least 0.1 mol CO;. 15 more common in the

East Bank than in the West Bank.

Fluid ihélusion evidence indicates that in the past, upfiow of thé deep fuid was focused to &
gredter degree beneath the East Bank. Althaugh cald. groundwater mav have inttially been the
diluent, boiling resulted in the formation 6F thé steam-heated waters, which subsequently
diluted the ascending chloride fluid. With time @and «as steam-heated waters cantinued 1o be
gencrated. -this mixXing occurred deeper in the svstem as the relatively cool and dense steam-
heated waters-descended along the margins. Thisis now partieularhyevident tithe East Bank (o
depths > 10\00, m): resulting in sdme cooling and illite (+ kaolinite and:siderite) déposition here
in-conjunction with ttig dilufion.

Deposition ofillité in fractures and pore spaces. largely due vothic incursion of dituting steam-
heated waiers. décreased average permeabilitied in the Eist Bank {Hedenquist. [9R3b1, This
lowéring of the permeatnlizy may ham_ been the cause ofthe proposed-shift in the focus of upflow
towards the West Bank, There is little-evidence of dilution and cooling of deep flvids until they
reach_‘ the shallpw- levels (300-1000 m depih) and marging of the West Bank portion of the
System.

A general assessmeiit of 'the state of mineral-fiuid equitbriindicates thut éxeéss enthalpy
wells (i.e. two phase feed zoniés) are not suitable for calculating gus chmpdsitions of reservoir
liquid*ﬁ Thismay bé dueto nen-equilibrium:distribution of gases between liuid and vapor in the
flashing réservoir. However, liquid feed wells indicate sataration with iflite and undersaturatiomn
with calcite, plus pyrite—chlorite ~t1b|l|w Thé common presence of adularia and calcite as
fraciure fillings may be.due to enhanced boiling and gas [0§§ in the fractures as compared with
the-liquid in the formation.

Cooling of the boiling upfiow by mixing with the steam-heated waters is the principal ¢caus of
the shift from déep fel ldspar stability to that of illite. The presenceof the relatively cool (~130°C)
steam-heated watersover and marginal t the deep upflow is‘consistent with the distribution of
interstratified illite-smectite, as well as marginal kaolinite, sidérite and pyrrhotite.

Continued evolution of the Broadlands system may proceed along the lines of that at
Waiotapu (Hedenguist and Browne, 1989), wheére déep incursion of steam-heated warer has.
‘Had'a. notable effect on the focus-of upflow, as well as an the system’s mineralogy and isotopic
cOMposING. )

Mixing of a deep upflow fluid with any cooler, near surface water-will greatly affect the
' alteration mineralogy of the system (Giggenbach, 1984), Therefore, marginal waters must.be
considered in the development of interpretive models forany system. The occurrence of steam-
heated waters'in geothermal svstems is common, e.g. Hakone, Japan (Oki and Hirano, 1970);
OIkar;a Kenya (Leach and Muchemi, 1987); Kawah Kamojang, Indonesia (Kartokusomo et

, 1976); Philippines systems (e.g. Maunder et al., 1982); and New Zéiland systems {e.g.
Hedenqu:sl and Browng, 1989}, For this.reason chemlcal thermal.and minetralogical evidence
for their presenice: should be sought during exploration (¢.¢. Fe and Mg carbonates are common
over the tops ‘of Philippine systems; C P. Wood, personal communication, 1988). The
occurrence of Steam-heated waters at shalfow levelsand on thé margins of thesystem mean they
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may bé-easily overlocked. However, dilution'trends (even from spring data) will gftén indicate
their presence. Identification of the distribution (and chemistry) of steam-heated watefs- will
assist in defining the zone of deep upfiow, as well as identifying poténtial developmerit-rélated
problems such as casing corrosion and drawdown of marginal watérs into the production zone.
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CHANGES IN THERMAL ACTIVITY AT THE TE KOPIA GEOTHERMAL FIELD,
TAUPO VOLCANIC ZONE, NEW ZEALAND

P.R.L. Browne, G. Bignall(1), K.M. Mackenzie

Geothermal Institute and Geology Deparmment, University of Auckland, Private Bag 92019,
Auckland, New Zealand
(1) Now at: Institute for Study of the Earth's Interior, Okayama University, 3-1-1 Higashi,
Ikebukuro, Toshima-kum, Tokyo 170, Japan

ABSTRACT

The Te Kopia geothermal field has surface manifestations in a
zone up to 1.2 km wide that extends for about 3 km along the
Paeroa Fault scarp. This fault is normal, has a steep dip, and is
still active, with displacements that total 450 m in the Te Kopia
area. The fault continues 1o have an important control on the
hydrology of the geothermal field, both by producing steep
terrain east of its trace, but also because its successive
movements have triggered landslides, hydrothermal eruptions,
and variations in the piezometric surface.

Changes that have occurred during the lifetime of the system
{>75,000 years) are evident from the geological record and
direct observations. For example, beginning in about
November 1993, three areas in the north-west part of the field
have changed thermally. Temperature surveys at 1.0 m depth in
January, February and March 1994 show the areas affected are
10,000 m?in total. Vegetation has died, and a vigorously
discharging fumarole and then a mudpot formed at one
(Murphy’'s Hill). Petrographic and field evidence of
hydrothermal alteration, and fluid inclusion geothermometry,
show that the block east of the Paeroa Fault has been upthrown
by at least 315 m * 5 m, exposing reservoir rocks that were
once within the Te Kopia reservoir. These are now being
altered by steam discharging from this still very active
geothermal system.

INTRODUCTION

The Te Kopia geothermal field, the north-eastern section of the
larger Orakeikorako and Te Kopia geothermal system (Bignall
and Browne, submitted) has been linle studied, despite two
deep (945 and 1250 m) holes having been drilled there in 1965-
66. Te Kopia is located 25 km north of Taupo (Figure 1) and 8
km north-east of the surface manifestations at Orakeikorako. It
lies astride the Paeroa Fault, a major tectonic feature of the
Taupo Volcanic Zone (TVZ; Figure 1), and at the eastern
margin of the Maroa Volcanic Center from which voluminous
ignimbrite sheets erupted in Quaternary times. At least three of
these sheets are now exposed on the eastern upthrown block of
the Paeroa Fault where they form a steep scarp 220 m high at Te
Kopia. The two drillholes on the west side of the fault scarp
(Figure 2), and four at Orakeikorako, encountered the same
ignimbrite sequence, and demonstrate that cumulative vertical
displacement on the fault has been at least 450 m.

The Paeroa Fault is normal, dips steeply to the west, but may
also have had a component of strike-slip displacement
(Grindley, 1959); it has moved during the past 1800 years
(Naim and Hull, 1986) and its displacement rate over 75,000
years averaged 4 m/thousand years (Keall, 1987). The thermal

evolution of Te Kopia is clearly linked to episodes of movement
along this fault, and there has long been interplay between ‘(hc
hydrology of the field and faulting, thermal activity,
hydrothermal alteration, and the landsliding events which have

occurred there.
1
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Figure 1: Location of Te Kopia geothermal field in relation 10
the Paeroa Fault and Orakeikorako. Presently active thermal
areas are enclosed by dotted lines. (From Bignall and Browne,
submitted).

In this paper we describe some of the changes which have taken
place during the lifetime of the Te Kopia system, concentrating
mainly on surface manifestations and field evidence.
Déscriptions of the subsurface geology at Te Kopia and
Orakeikorako have been given by Bignall (1994), and the
present surface activity at Te Kopia has been described by
Bignall and Browne (submitted). Among the few earlier
accounts of thermal activity here are those by von Hochstetter
(1864), Grange (1937), and Healy (1952, 1974). Sheppard
and Klyen (1992) have reported the compositions of some of
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the fluids now discharging, and Cochrane et al. (1993) and
Burns and Leathwick (1993) have studied the types of
vegetation present and their distribution with respect to the
present thermal regime.

PRESENT DAY SURFICIAL THERMAL ACTIVITY

Thermal manifestations occur over an area extending for about
3 km along the Paeroa Fault Scarp (Bignall, 1994; Bignall and
Browne, submitted). The width of the thermally active zone
varies up to about 1.2 km in the north (Figures 2 and 3).

XEY \ s

\\wam Farm
| Springs

Thermal areq
Altered ground

Hydrothermal sruption
crater

Fault interred
Spring + pocis

Goothermal well

Figure 2: Distribution of main area of thermal activity in the
southern part of the Te Kopia field showing distribution of
thermallv altered ground and location of driliholes; compare
with Figure 3. Modifed from Bignall and Browne (submitted).

There are three different types of manifestations:

(1) The most common and widespread are areas qf stearr}ing
ground accompanied by white clays, disseminated iron
oxides, sulfate minerals such as alunite, and silica
residue. Also in this category are a few fumaroles
discharging superheated steam, including the Te Kopia
fumarole itself (Figure 2), located with others along the
crest of the scarp but seldom visited. A few smaller steam
vents also occur at the foot of the fault scarp.

(2) Small lakes with acid sulfate waters are present in two
areas along the foot of the Paeroa Fault scarp (Figure 2).
These have low discharge rates but their chloride contents
are up to 34 mg/kg (Bignall, 1994). A notable individual
feature in the Northern Lakes thermal area is a mud geyser
whose periodicity and magnitude largely depends upon
the amount of rainfall.

166

(3) There are several neutral pH springs discharging at the
Murphy Farm Springs west of the main thermal area
(Figure 3); their flow rates vary from slight to several
litres per second at temperatwures up to 59°C. The Road
Springs (Figure 3) are hotter (75°C) but have discharge
rates between 1 and 2 lires per second. None has
deposited appreciable amounts of silica but they are
probably the surface expression of westward-moving
outflows of chloride water that ascends along the fault to
the south (Bignall and Browne, submined).

TEMPORAL CHANGES IN THERMAL ACTIVITY

Field work and petrographic examination of cores recovered
from the two drillholes (Figure 2) shows that there have been
changes in the magnitude, type and locations of thermal activity
at Te Kopia. Since neither well has discharged, except for a
brief test period in 1966, the observed and deduced changes in
surface activity are not due to any exploitation of the fieid.

The changes which have occurred are, for convenience,
described separately and are considered here as: changes which
have taken place in the past 6 months, the past 135 years, and
the past 75000 years. These greatly different scales of
resolution are chosen because the rates and magnitude of the
changes have varied in both time and space.

Changes in the past 6 months

There have been changes in thermal activity in the north-western
part of Te Kopia (Figure 3). These were observed from
November 1993 until April 1994. The areas affected by change
lies west of the Te Kopia Road and between 500 and 700 m
distant from the Paeroa Fault trace (Figure 3). The eastern parts
of this area were visited by students making ground temperature
and resistivity surveys in Sepiember 1993 (Nguyen, 1993,
Perez-Ramos, 1993). At that time there was no remarkably
high level of thermal activity.

Murphy’s Hill: The two long-established mudpots on
Murphy's Hill and the nearby chloride springs (Road Springs,
Figure 3) seemed to be at the same state of activity as they had
been for at least the past 12 years. Sometime in late 1993,
however, the following changes started occurring, and these
continued untl at least April 1994

(a) A vigorously discharging fumarole formed on Murphy's
Hill, a few meters south west of the two long-established
mud pots (Figures 2 and 3). In January and February
1994 this was discharging a high volume of gas and very
viscous mud. Ground "thumping” was felt up 10 100 m
away on occasions (M. Murphy, pers. comm.). By late
March the mud was less viscous and its surface was
within 20 cm of the lip of its vent; ground vibrations had
decreased. Hot mud spatiered the swrround, and all grass
within 13 m of the vent had died. Kanuka trees nearby,
up to 3 m high, were dying.

(b) Temperatures measured at depths of 0.2 and 1.0 meters
changed. Three thermal surveys of the Murphy's Hill
area were made: on Januvary 22, February 15 and March
21, 1994, using a thermocouple and meter.

(i) Measurements made on January 22, after vegetation
dieback began, outlined an area of above-ambient
temperature extending over 2700m2? (Figure 4).
Temperatures were highest in the 1.0 m deep holes
closest to the new fumarole, with the 80" isotherm
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being on average 20 m distant from it. Two smaller
areas with temperatures above 60° were located 30
m and 55 m to the north-west of the fumarole.
These have no detectable mass discharge but are
also characterised by their recently dead pasture.

(ii) The ground temperature survey made on February
15 extended to the south and west of that measured
the previous month. It showed that the isotherm
pattern then was very similar to that measured on
January 22 but the three hottest areas had each
increased in size by several meters, mainly in a
north-easterly direction. The maximum temperature
in the western thermal high had, however, cooled
from 85° 10 79" and the central one from 73° 10 62°.
By contrast, ground temperatures directly to the
north-east of the formerly hottest survey holes had
increased from 5 to 12° in the 25 days between the
two surveys (Figure 5).

(i) The survey on March 21 showed an overall cooling
pattern. This is apparent on all the margins of the
area surveyed, and near to the new fumarole where
some temperature stations had cooled by 10° to 20*
(Figure 6). One station, which 34 days earlier was
at 106°, had cooled by 53°. The only temperature
increases occurred near to where maxima (63° to
66° and 71° to 78") were measured on February 15,
at a station between them (62° to 67°) and a station
close to the vent (71 10 77°C).

The changes in ground temperatures at Murphy's Hill show no
simple pattern. Between January 22 and February 15, heating
dominated overall, but between February 15 and March 21
almost the whole area had cooled. However, there are stations
and small areas where the reverse occurred and some stations
showed wide fluctuations in temperature, both increases and
decreases. During the survey period the two long-established
mudpots on Murphy's Hill and the nearby chloride springs
showed no change in their levels of activity or temperatures of
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discharge. Steaming ground 50-100 m north west of Murphy's
Hill also appeared to remain the same.

Pine Plantation: Two areas totalling 7200 m2 covered by long
grass and pine seedlings (Figure 3) showed signs of thermal
stress in late 1993. By January 1994 the two areas (southern
and northern pine plantations) had temperatures at 1.0 m depth
that showed ellipsoid-shaped isothermal patterns whose longer
axes were aligned in ESE (southern pine plantation) and NE
(northem pine plantation) directions. The smaller southem area
had maxima of 52" and 48°C about 33 m apart on January 23.
By February 16, the two areas of thermally-stressed vegetation
had increased to about 8000 m2, and the southern plantation had
maxima that had increased by 5° (to 57°) and 17° {10 667);
temperatures at 12 of the 13 stations common to the 1wo
surveys had cooled to between 51° and 63, and 10 of the 11
other survey stations had cooled by between 1° and 6°C. Only
the most south-easterly station had heated (by only 1.47)
between the two surveys.

The northern pine area had 4 thermal maxima (of 67°, 85°, 86°
and 59°) on January 23, aligned in a north-easterly direction and
extending over 185 m. By February 16 the three westernmost
of these maxima had cooled to 64° (reduced by 3°), 81 (-4°) and
83° (-3°) but the easternmost one had heated to 63° (+4°).
Surrounding stations showed slight temperature changes (4.5°
1o 6°), with 7 recording cooling and 20 heating. In the next 34
days the 4 maxima had again changed, from west to east, by
-2°,-5°, 42" and -4°. Cooling dominated in the area overall
with 26 other stations recording a reduction in temperature by
between 1° and 6°, but only 6 centrally-located stations became
hotter.

The changes in thermal activity observed at Te Kopia over the
past 6 months are not great in magnitude; indeed, if they had
occurred within the main area of thermal activity (Figure 2) they
would probably not have been noticed. Their occurrence in
farmland made them obvious. However, any changes in natural
thermal activity are noteworthy (especially to the farmer) and
reflect subsurface perturbations to the thermal regime at
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‘I'e Kopia. The area is tectonically active and lies literally in the
shadow of the Paeroa Fault Scarp, which strikes in a north-east
direction. However, north-west striking faults, albeit of much
lesser offset, also occur at Te Kopia (Keall, 1987; Bignall and
Browne, submitted). One has an inferred trace that extends
through the newly formed hot ground in the pine plantations.
On 28 and 29 November 1993, the Te Kopia area was affected
by about 100 shallow focus earthquakes; the two largest had
magnitudes of 4.3 and 4.5 (B. Scott, pers. comm.), and several
were felt in the Murphy farmhouse (Figure 3). The epicentre of
these earthquakes is not known but it scems it was within the Te
Kopia area itself. There is no direct evidence linking these
earthquakes to the onset of the thermal changes described but it
is possible that they affected the shallow subsurface hydrology
of the northern part of the field. Past fluctuations in the level of
thermal activity in this area are recorded by the presence of
small patches of steam-altered ground. Some are now at
ambient temperatures but one in the pine plantation testifies to
an earlier period of thermal acdvity here.

Aliernatively, the changes observed may be only a response to
the low rainfall experienced in 1993. Data kindly made
available by the National Institute of Water and Atmospheric
Research for the Ngakuru Station, 10 km to the north west,
show that 1029 mm of rain fell there in 1993 compared with an
annual mean of 1193 +132 mm. That year was, in fact, the
driest year at Ngakuru for the past ten years; it is possible that
the reduced volume of water runoff from the Te Kopia scarp
has allowed these small thermal areas described 10 heat as the
groundwater table descended.

n in 7 ve.

Evidence for changes in the intensity and extent of surface
thermal activity since 1859 is provided by: (1) the few
descriptions made by scientists visiting the area, starting with
von Hochstetter (1864) in 1839; (2) comparing the levels and
distribution of activity by interpreting aerial photographs made
in 1948, 1984, 1991, 1992.

Von Hochstetter (1864) did not map the extent of thermal
activity but pointed out the dangers from landslides being
tiggered by earthquakes. He described the mud geyser, still
active today, and apparently in the same state, and reported
vigorous steam discharge from the Te Kopia fumarole itself.
There is some doubt as to which fumarole he referred to as there
are two large fumaroles now discharging on the crest of the
scarp. Von Hochstetter made no mention of the presence of
sinter or any pools with clear water, which probably indicates
that chloride springs were not then discharging.

Grange (1937) reported briefly on the Te Kopia geothermal
area, based on his field work in 1929. Unfortunately he made
no map, but there is nothing in his account which implies that

conditions were greatly different then than they are in 1994..

Healy (1974) published the first map showing the extent of
thermal activity and the distribution of some of the main
discharge features there; his map was mainly a photogeological
interpretation and clearly shows some of the craters and the
Central and Northern lakes (see Figure 2). We conclude,
therefore, that there is no evidence from the few written
accounts available that thermal activity at Te Kopia has changed
appreciably in intensity or location during the past 135 years.
However, there is an unsubstantiated suggestion that a small
hydrothermal eruption occurred in the Northern lakes area in
1886 contemporaneous with the basaltic eruption from Mt
Tarawera. The two mudpots on Murphy's Hill enlarged in
about 1971, but there is no documentation of this event.
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Preliminary interpretation and comparison of thermal activity on
aerial photographs taken in 1948, 1984, 1991 and 1992 show
several differences in the extent and distribution of altered
ground and thermally-stressed vegetation in the northem part of
the Te Kopia area.

There have also been changes in the chloride contents of the
largest pond in the Central lakes region (Figure 2). Grange
(1937) reported it as containing 113 mg/kg Cl; by 1965 this
had increased to 142 mg/kg Cl (Mahon, 1965), but analyses
made in 1993 gave values of less than 33.6 mg/kg Cl (Bignall
and Browne, submitted). A small amount of ascending chloride
water therefore still reaches the surface in the low elevations of
the Central lakes, but the proportion of chloride water relative to
steam condensate and meteoric water fluctuates. Not enough
alkali chloride water reaches the surface in this area, however,
to cause silica sinter to precipitate.

hanges in the past 3

Evidence for changes in near-surface geothermal activity at Te
Kopia is as follows (Bignail, 1994: Bignall and Browne,
submitted):

(1) The occurrence of silica sinter in the Central Lakes area,
but about 5 m above the present lake levels, which C14 dating
shows deposited 3026 +43 years BP. Alkali chloride waters
were therefore discharging here at that time.

(2) The presence of at least two separate deposits of
hydrothermal eruption breccias, although it is not centain that
either derive from craters in the Northern or Central Lakes areas
(Figure 2). The relationships between the eruption breccias and
interbedded tephras indicate that two eruptions occurred
between 186 AD and 22,700 years ago.

(3) Exiensive deposits of breccias produced by large
landslides. Tephrochronology indicates that these occurred
before and after a 22,700-year-old volcanic event at Lake Taupo
and since 186 AD. Occasional clasts in these landslide breccias
are hydrothermally aliered (including mordenite, quanz and
adularia), proving that geothermal acuvity was taking place on
the scarp before these landslides occurred. It seems most likely
that episodic movement on the Paeroa Fault triggered the
landslides.

(4) The widespread overprinting of hydrothermal alteration
minerals in rocks exposed on the fault scarp. For example,
rocks originally altered in the subsurface to a quartz-illite
assemblage are now partly replaced by kaolinite. In the most
strongly overprinted rocks, the products are a mixture of quartz,
pug, kaolinite, cristobalite and alunite (Bignall, 1994).

(5) The presence of rocks now at the surface containing
hydrothermal minerals that formed deep (>250 m) within a
geothermal reservoir; for example, adulania, illite and chlorite.

(6) The occurrence of euhedral quartz crystals on the ground
in two areas east of the Paeroa Fault. These contain liquid-rich
fluid inclusions that homogenise at 196 +11°C and 188 +15°C.
Consideration of the boiling temperature versus depth
conditions indicate that one set of quartz crystals grew at depths
at least 170 m below ground surface (trapped fluids are of low
apparent salinity, < 0.4 wt % NaCl equivalent). Crystals now
occur on the upthrown fault block at elevations 145 £5 m above
the floor of the Te Kopia Valley. These crystals have thus been
uplifted by at least 315 m. By similar reasoning, the other set
of quanz crystals, now 180 m above the valley floor, have
ascended at least 300 m since their formation.
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CONCLUSIONS

Evidence and observations show that surface thermal activity at
Te Kopia has changed constantly during the lifetime of the
system, believed to be at least 75,000 years but possibly 15,000
years (Bignall, 1994). Many of these changes are slight and
have gone unrecorded, but others have left their marks in the
geological record. The location of the Te Kopia field on a major
active tectonic feature (Paeroa Fault) has allowed interplay
between hydrology and fault movement.

Most major displacements on the fault resulied in a change in
hydrology of the geothermal field, probably caused landsliding,
and perhaps some movements triggered hydrothermal
eruptions. Because of the sensitivity of a geothermal system in
such steep terrain, short and long term climatic changes also
probably affected surface thermal activity, for example, long
term and annual differences in rainfall.

Progressive uplift of the eastern block of the Paeroa Fault has
now exposed rocks once at least 300 m below ground surface in
the bowels of the geothermal reservoir. Their alteration records
these changes through texiural overprinting, and provides
information about temperatures and fluid types then present in
the former reservoir.

In the past 3000 years, the piezomeiric surface has been
descending so that chloride waters now mostly discharge only
in the most western part of the field, hundreds of meters distant
from where they did so formerly. Drilling shows that
temperatures in the present reservoir exceed 240° at a depth of
1200 m. The Te Kopia field is still very active despite its
longevity.”
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