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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 
have received the enclosed letters from Yuri 
spell out the request to the Soviet authors 
I hope my translations are close enough to 
What remains to be seen is whether the 

Soviet authors respond and whether we can handle the influx of 
correspondence in Russian. 

finally be over! We 
Dyadkin (SPMI) which 
to initiate contact, 
the Russian original 

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 
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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 sharing 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 Volume 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. 
Moskvichevoy no one of the participants of the Monograph 
d̂ q̂linRd. -.. 

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

P. Muffler (Vol.1) 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 chapter's 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 
colleagues: 

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 completeness 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. In 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
authors = 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 started activities for announcing the 
Symposium.' Now, i regret, it will be necessary to send out new 
information on the postponement schedule.. 

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.l and 
No.3-, as yet somewhere on the way is No.2...) with photographs 
(Santa Monica and our dacha) for which I thank you. They, as 
always, of high quality. 

On the same day (about 18 November) 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 received. 



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 Volume 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 
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Soviet-American Monograph on Geothermal Energy 

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

Subject: NewsMemo No. 4 

Date: 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- j 
proposed Outlines soon. As I also noted, I will assist anyone i 
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 f 
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. 

feh-Be^si—Wisfi^s 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 
Reservoir 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 .k 
EXPLORATION GEOSCIENCES 

American CoAuthor: Phi11ip M. Wright Tel: 801+524-3439 
Univ. Utah Res. Inst. Fax: 8OI+52U-3453 
391 Chipeta Way Suite.C Tlx: tbd 
Salt Lake City, UT 84108 

Soviet CoAuthor: Vladimir I. 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 
I. Introduction (PMW ?) 

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 
strategi es 

II. 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 

III. 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 ?) 
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 



Chapter 1.2 
HEAT FLOW DISTRIBUTION AND GEOTHERMAL ANOMALIES 

American CoAuthor: David D. Blackwell Tel: 214+692-2745 
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 

I. Introduction (DDB ?) 
A. General controls on continental heat flow 
B. Tectonic and age divisions 

II. Heat Flow in Stable Continental Regimes 
A. Cratons 
B. Platforms 
C. Basins 

III. Heat Flow in Mobile Belts 
A. Subduction zones 
B. Continental collision zones 
C. Continental rifting and extension 
D. Transform faults 
E. Hot spots 
F. others 

IV. Geothermal Anomalies in Stable Continental Regimes 
A. Basement thermal anomalies 
B. Basin thermal anomalies 

V. Geothermal Anomalies in Mobile Belts 
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. Di scuss ion 
Vll. References (as compiled) 



Chapter 1.5 
PROSPECT EVALUATION 

American CoAuthor: Norman E. Goldstein Tel: 415+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: tbd 
21st Liniya No.2 Telex: tbd 
Leningrad 199026 USSR 

Chapter Outline Suggested 
(29 Nov 90) Responsible 

Co-Author 

I. Introduction (NEG ?) 
A. Purpose of Chapter 
B. Early history of prospect evaluation 

II. 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 

III. Case H i stori es 
A. USA 
B. USSR 

IV. Di scuss ion 
V. References (as compiled) 



Chapter 2.3 
WELL AND RESERVOIR TESTING 

American CoAuthor; 

Soviet CoAuthor; 

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

Yuri M. Pari i sky 
Leningrad Mining Institute 
21st Liniya No.2 
Leningrad 199026 USSR 

Tel : 
Fax; 
Tlx: 

707+5'+5 
707+5't5 

tbd 

•7600 
-8746 

Tel: tbd 
Fax: tbd 
Telex: tbd 

Chapter Outli ne 
(14 Nov 90) 

Suggested 
Respons ible 

Co-Author 

Introduct ion 
A. Objectives 

1 

(MSG ?) 

tools used 
geothermal. 

I n 

B. 

Review traditional methods and 
well and reservoir testing in 
applications 

2. Offer comparisons with oil and gas tools and 
techniques where applicable 

3. Show how testing is utilized to 
needed for resource evaluation 
and reserves estimates) 

4. Demonstrate the practical application of reservoir 
test results to prudent reservoir management 

Well Test History 

render information 
(deliverabi11ty 

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 

II. General Characteristics 
A. Stat i c Test i ng 

1. Temperature gradients 
2. Pressure gradients 
3. P-T survey series after 
k. Long-term monitoring 

B. Dynamic Testing 

flowi ng/i nject ion 

1. Flowing well performance 
2. Injection well performance 
3. Flowmeter logging 
4. Wellbore simulation 
5. Tracer testing 



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 
III. 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 

IV. Current Status of Development 
Review the current practice of static, dynamic, and 
transient testing techniques and tools 

V. Future Expectations and Research Needs 
A. Improvements in downhole tool design 
B. Improvements in data logging equipment 
C. Analysis 

V I. Conclus ions 
Vll. References (as compiled) 

Ch 2.3 
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1991-92 
EXECUTIVE COMMITTEE 

President 
WILLIAM S. FRENCH 
Grant Tensor Geophysical Corp. 
P.O. Box 42801 
Houston, Texas 77042 
(713) 781-4000 

President-Elect 
MARION R. BONE 
TimeSllce Technology, Inc. 
5151 San Felipe, Ste. 1300 LB-10 
Houston, Texas 77056 
(713) 552-4228 

First Vice-President 
JAMES D. ROBERTSON 
ARCO Int'l. Oil & Gas Co. 
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CHARLES E. "CHUCK" EDWARDS 
Landmark Graphics Corporation 
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LCT Inc. 
25958 Genesee Trail Rd., #225 
Golden, Colorado 80401 
(303) 526-0670 

Editor 
J. P. LINDSEY 
Petroleum Information Corporation 
4605 Post Oak Place, Ste. 130 
Houston, Texas 77027 
(713) 850-9295 

University of Utah Research Institute/ESL 
Attention: P.M. Wright 
391 Chipeta way, Ste C 
Salt Lake City, UT 84108 

SEG/MOSCOW 9̂2 INTERNATIONAL 
CONFERENCE 6 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: 
"Geopbysics 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. 

BUSINESS OFFICE 

Executive Director 
JOHN HYDEN 
P.O. Box 702740 
Tulsa, OK 74170-2740 
(918) 493-3516 

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 O STREET ADDRESS: 8801 S. YALE / TULSA, OK 74137 / FAX: (918) 493-2074 



We are pleased to issue this official Call for Papers for the 
SEG/Moscow '92 International Geophvsicai 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. Already, 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 l, 1992. 
Current plans call for final assembly of the technical program in 
the second week of March. 

We look forward to hearing from you. 

/::^ip>j6^^^ )i-*- / ^ U v . ' - c -
Gordon M. Greve 
General Chairman 

for SEG 
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sicî  iN RGsbuRce exploiiatioN aNt) t)evelo]&tmt. 
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Soviet-American Monograph on Geothermal Energy 

To: Patrick Muffler, Hugh Murphy, John Lund 
All American 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. 
When 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. In 
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 German Engineering center 
r-. , J. r ^ - 1 r • Stanford,Califomia 94305-4020 
Department of Civil Engineering leiex 343402STANFKDSTNU 

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 
Monograjjh 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 is 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. In 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 l, 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 Chapter 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 Soviet 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 
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JleHHHrpafl, 22-28 WOHH 1992r. 

PROBLEMS OF 
GEOTHERMAL ENERGY 

June, 22-28, 1992 
Leningrad , U S S R 

0PrAHM3AUMOHHUM KOMMTET ORGANIZING COMMITTEE 

2. 21 Liniya. 
199026. Leningrad. 
USSR 

•2i;!-GI-.iT 
^ 2i8-K(;-a'-. 

Telex: I2l'l94 LGIP SU 
Pax: (812) 213-26-13 

UM'M/- IjbU^ ^ s . Xi^st-

Dear Coireague-, • •••; -•'•-'-: • • 

You avQ 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. Sponsors 
and participants include the State Committee on Science and Technique of the 
USSR, the Academy of Sciences 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 

/ ^ ^ y ^ ^s^a^irman Symposium Committee, Rector 
f2"(0RGANlZING\dthe Leningrad Mining Ins t i tu te 
IzlCOMMITTEE/il 



COBETCKAJI FEOTEPMAJlbHAJI ACC0UMAUM5! 

CCCP 199026 JIEHHHrPAA 

nPAB.nEHHE CrA CEKPETAPHATCfA 
JIEHHHrPAACKHR POPHUR HHCTHTVT HPOBJIEMHAfl JIABOPATOPMii rOPHOR TEnJ10<t>H3MKM 

21 jiHHMfl, A. 2 y». EcpHNra, A. 3a 

T.;..218.88.SJ T.X.35S.01-13 
T M . « m494 LGIP SU P , « . CMtl 70000606027 M»0 171274 
TMeiJii.e (812)21326-13 . np»«MTi.»ci«» ota. npoiKTpo««M«»/l.«.»rpii.iu 
TMer.Sn 121S9J BHCMVT. 199004./l.KK.rpiji. Cp.iii.«» op.. 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 is very important for accomplishing our complex work. 
We are very sorry that by dependence and nbt 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. O.A Povarov 
Dr. B.M. Kozlov 

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



COBETCKAJI FEOTEPMAJlbHAJI ACCOUMAUMJl 

CCCP 199026 JIEHHHrPAA 

nPAB/IEHHE CPA CEKPETAPMAT CPA 
JIEHHHPPAACKHR POPHblR HHCTHTyT nPOBJlEMHAfl /lAEOPATOPH)! POPHOR TEnjl04>H3HKH 

21 jiHHHR, A. 2 y j i . BepHHra, A- 3a 

T<ui. 2I8-86-S2 

TejicKC 121494 LGIPSU 
Tc/i. 3 5 5 0 1 1 3 
PacM. CMCT 70000606027 M * 0 171274 

TweifaKC (»'2)213-26-l3 npH«a;.THacKoe ora. npo«TpoS«3HKa /le-KHrp..,;. 
TcieroAn 121595 BHCMVT 

199004, .ncHHHrpaa, CpeauHA np.. 29 

Ql ii, iO. y/; AjviepHKaHCKHM KOJUieraivi-aBTopaM H pe;[iaKTopaJV] 
coBiviecTHOH aiviepHKaHCKo-cGBeTGKOH jvioHorpa(|)HH 'TeoTepMaJiLHaH 

3HeprHH" 

TjiydoKoyBaaaeMHe KOJurerH ! 

nojiLsyflCL KopoTKHM BH3HT0M B CaHKT-IIeTepdypr H MocKBy 
npo^eccopa Ilayjia Kpyrepa, sanpaBJineM BaM na corJiacoBaHHe npoeKTH 
cTpyKTypu rjiaB H pacnpeAeJieHHH oTBeTcTBeHHOCTH sa noAroTOBKy 
HX oTAeJiBHHx naparpa(|)OB (ceKUHfi). 

PasyweeTCH, MH ayieivi BauiHx saivie^aHHfi, flonojiHeHUH HJIH s o s p a -
aceHHH AJia H X BHHMaTeJILHOrO paCCWlOTpeHKH H HOnOJlLSOBaHHH B flaJlL-

Hefiuiet padOTe. IIocHJiaeM Taioce npoeKTH T.eKCTOB oT^ejiiHtix p a s ^ e -
jioB MOHorpa$mi, 

CorjiacoBaHHe j^eTajiBHoro coj^epacaHiiH r j ias jvieaiay coaBTopaiviii 
o^eHL BajKHo flJiH saBepmeHHH nameS HenpocTOH padoTH. MH O^GHL 

co:KaJieeM, ^TO no saBHCMiHivi H ne saBucHmuM OT nac npH f̂flHaw STO 
He cjneJiaHO paHMie. Ho^TOBan H HHan CBHSL jvieamy HamHMH cTpaHaiviH 
H TenepL ocTaeTCH o^eHL HJIOXOH, saTpy^HHeT KOHTaKTH. Tew ne we-
Hee MH yaepenH, HTO AO Haiueii BCTpe^m na Me»TO''Hapoji;noM CiiMnosHy-
Me B HKHe dyflymero ro;na (1992 r . ) MH cMoaeM B OCHOBHOM saBepiMTL 
Hamy padoTy. npocHM Haiunx aMepHKaHCKHx Kojuier Taiose HPHJIOKHTB 

ycjunm K ycneiuHOMy saBepiueHnio 3TOH HysHoii ^jui Haumx cipaH C O B -

MeCTHOt padoTH. 
C yeaKeHHeM H HaiuijrqnieMH noseJiaHHHMH 

PejiaKTopH TOMOB OT CCCP npo(|).B.M.KoHOHOB, npo$.A.A,CMucJiOB, 
npo$.3.M.BorycJiaBCKEiH, npo$.0.A.IIOBapoB, 
^0KT.B.M.K03JI0B 

Pe^aKTOp MOHOrpa^HH • ^^_/L/^-^pO( | ) .K) .J l . J ]>mi)KHH, 

P i n ;,PH. 17.01.9... 3.8. T. 100 3K3. Becn̂ aTHO / ^ ' ^ / H p e S I W e H T C I A 



HOTEL AOGOMMODATIONS 

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

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

Costs: single -
double -

95 US dollars per day 
135 US dollars per day 

Cost includes threermsals 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.PRGSiOJRYAKGV 

SYMPOSIUM COMMITTEE 
RECTOR OF THE LENINGRAD 

MINING INSTITUTE 

LENINGRAD MINING INSTITUTE 
a n d 

SOVIET GEOTHERMAL ASSOCIATION 

INTERNATIONAL SYMPOSIUM 

ON GBOTHERMAL ENERGY 

June 22-28, 1992 

Leningrad , U S S R 

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-
dersthiding 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 

Geotemperature Fields and Geothermal Resources; 
Technology of Geothermal Energy and Fluids Extraction; 
Utilization 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 Prograra 
Committee: 
Prof. Paul Kruger, Civil Engineering Dept.of Stanford 
University. 

STANFORD CA 94305, USA 
Telex 372871 STANFORD STNU 
Fax 41.5/725-86 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 
its 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). 

PBGISTRATION 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, ^ ̂ -Volume collection on "Geothermal Energy", 
visits to museums and theatres, supper on the first evening 
and a farewell dinner. 



nPOEJIENU rEOTEPMAHbHOfl 
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JleHHHTpaA, 22-28 WOHH 1992r. 

PROBLE.MS OF 
GEOTHERMAL ENERGY 

June, 22-28, 1992 
Leningrad , U S S R 

OPrAHMBAUMOHHUM KOHMTET ' ORGANIZING COMMITTEE 

2. 21 Liniya. 
199026. Leningrad, 
USSR 

213-61-37 
S l aie-sfi-o.") 

Telex: 121494 LGIP SU 
Fax: (812) 213-26-13 

A P P L I C A T I O N F O R M 

F i r s t n a m e , l a s t n a m e 

Post 

Degree 

Name of institution • 

Mailing address 

Telephone Telex Telefax 

DATA FOR VISA SUPPORT: 

Date of birth Ssx 

Private address 

Telephone (privat). Pasport number.... 

Country ." 

Terms of stay in the USSR (arrival/departure dates) 

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

support 

Title of report 

HOTEL RESERVATION: 

Mining institute Hotel 

(three meals a day provided) 

0 single - 95 $ 

0 double -136 $ 

Pribaltijskaya Hotel 

(no meals provided) 

0 double - .160 $ 

0 suite - 230 $ 

Date Signature 
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SHMi 
TOURS 

Offered for Par t ic ipants of the 
INTERNATIONAL SYMPOSIUM ON GEOTHERMAL ENERGY 

June 2 2 - 2 8 , 1992 

•213-01-37 
J S •218-Kr)-0.''. 

Telex: 121494 LGIP SU 
Fax: (812) 213-2G-13 

Tour 1: Sl. Pe te r sburg - Crimea - Moscow 
29 June - Depar ture for Crimea - Cultural program (Bakhchiserai, 

Simferopol) 
30 June - Scientific excursion 
1 July - Cultural program (South Shore) 
2 July - Depar ture for Moscow 
3-4 July - Cultural p rogram (Moscow) 
5 July - Cultural p rogram (Moscow) - Depar ture 

Tour 2: St. Pe te r sburg - Tallinn - Moscow 
29 June - Depar ture for Tallinn - Cultural program (Tallinn) 
30 June - Cultural program (Tallinn) 
1 July - Cultural program (Tallinn) 
2 July - Depar ture for Moscow 
3-4 July - Cultural program (Moscow) 
5 July - Cultural program (Moscow) - Depar ture . 

Tour 3: St. Pe te r sburg - Kiev - Moscow 
29 June - Depar ture for Kiev - Cultural program (Kiev) 
30 June - Cultural p rogram (Kiev) 
1 July - Cultural p rogram (Kiev) 
2 July - Depar ture for Moscow 
3-4 July - Cultural p rogram (Moscow) 
5 July - Cultural p rogram (Moscow) - Depar ture 

Price of the tours per person (in U.S. Dollars) 
Tour I $490.00 
Tour 2 $420.00 
Tour 3 $440.00 

Prices include: 
1. Transpor ta t ion wi th in the count ry 
2. Hotel accommodat ion 
3. Three meals per day 
4. Bus service 
5. Cultural p rograms 

To par t ic ipate in any of the lours , please contact the Organizing Committee bj 
March 1. 1992: 

President , Organizing Committee 
Rector, St. Pe te r sburg Mining Ins t i tu te 
N.M. P roskuryakov 



List of Authors of Monograph 

veatch, Ralph E. 
Amoco Prodn Res. Center 
P.O. BOX 3385 
Tulsa, OK 7 4102 
918+660-3309 
Chap . 2 .6 
Fax: 918+660-4175 
LMI 

Wright, Phillip H. 
Univ. of Utah Res. Inst. 
391 chipeta Way, Ste C 
Salt Lake cty, UT 84108 
801+524-3422 
Chap. 1 -4 
LMI 



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-Oct, to carry any drafts with me for delivery to the 
respective Co-Author. 

t 

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' is 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 



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 



yriiy($AeHHe skaKviff H o6ojSmeHm Kayvmjx M tipaicTHqecKifx 
pessr^bT&TOB peiaBHTHii reorepuHti , oqeHKH reorepManbMi/x 
pecypcoB, TexHOJiorHH HX ociBoeHHji K McnoAbaoBaHMH B Ten-
;iD3HepreTiixe H fiaAfaHeanormi. 
ycTanoBJieHKe K yKpemtSHHe HayqHUX KOHTaKTOS Menviy c n e -
qitajDicTaioi H 3 p a s i o a crpsH H opraHHsaqMtt. 
ysy^mawi9 H pacaorpeHHQ cojiepieBHHit KOJUiemHBHoR u o H o r -
palHH Teore ta taAbKaH sHepnif l ' ' , HSAasaeMpR B 19^3 r. , Ha 
pyccscui H sHrjiMttcxou jpuxasc. 

0EC3WtA£UUB nPOEHQilH 

cooTBeTCTBTztT TewaTiTiecKotv coAepKaHKu Tpex TOMOB STOB 

iioKorpB$ifH: 

1 . reoTeimepaTypHoe nose H reoTepHajibHue pecypcu 
2 . TexHOJiorMii jiOfSutm reofe^uaJtbHUX ^binH;iOB H SHeprHH 
3 . McntwiisSOBaHKe reorepuaAbHofi aHeprviii H Tep<)£uibHiix 

3 k m m HA y^ACTHE H JJPKSAjm OMIOSHyMA 

I»KOHeiuiyeTCR no,iiatb ;io 15 Houfipa, I 99 I p . npHHHMamfCH 
saflBKH Ha jJiOKnajiu no mitfuti abneKTmi TeopefmecKotl tt npiiK-
jiafiHOti rworepMHM, reorepuasbKofl TexHOJiormj, reoTepwaJibHofi 
^HepreTHim H CaJibHeojiprHH. 

/ U R i^dHHRai^H. TesHcoB ^oKJiaAOB n a pycckoM H aHrjiHttcKOM 
flautcax nepejEL' CmoiosHyMOM oBTopu Aojoont npeACTaaviTb HX B 
ofhteue He (tojiee OAHOtt CTpanio^ (nptiuepHo 300 CJIOB, a k u n -
M&H HeaBaHMe, $euHAHO H opraHnaauHiQ aBTopa) B OprKouHTer 
c aBtopcKMti nepeBOAOM Ha Mpyroft H3UK flo 15 wapra 1992 r . 

^pin•JIao]aex yitacTKKKoa H rpcren s te&Tpu H mrseii, HR 
sscivpcHK no t^pxjitfBKry^Hm aacangiiuoi H HCTopHqecuty 
nsuimiHKak ojmoro na KpscKB<atSmiix .PO^AOB HKfu. B nepKOA 
attueiotTiK "tfejux HOtteH* (TeHne(«TXpa S}-£S°cy, a v a s -
xa B teiiaTKueckHa: 9KciQrpcKHV Uoci(sa-}I{|oaBaBJu> -StfiKji, 400 p^(i; 

' I^uH c npoi^jntolt no HepHouy lio^n 
- 4 flHH, teO pytf; 

* TuiWH^a - dsbtfpyc - 4jiHa; 4B0 py6; 
•• r̂ KHHCKMS rOpH- IICKOB - 2 WR, 

200 pytf. 

Bi<paiQaitl Ty{t u raimiTHH ero o m a n i yicaauBaBTcs B sassKa 
na yqacTKe B CmaosHyue AO 15 HonSpii I99I v . 

PASUEHPW B IXXn'HHMlî  

TaExe yKaauBaefCH B avofl aajisxo c TapemHeR otuiaTu audpaHHpro 
aapttaHTa: 
ropoACtcHS rocTtwHuu/o^OHSCTioiH Mouap - ;io ^ - 3 0 pyd/cyv; 
TO ma, jiByxuactiuS uouep - no 15 -16 pyfi/cyt. 
rocTiuHmvJ JUM, liouap na 2-3 ttanoseK - no 10 pytf/cyr. 
KOUKaTu ita^S - 4 iiejioBetftB ofimanfTKH - no 3-S p^iS/cyr. 

fmidPAOHOKHUlt 63H3C 

'noKpusesT B{?*9aa»ie itavAOKy y^cac^Kiuiy r p i Toua K o K o r i » ^ , 
Kt^pry raoTepuaAfctOK pacypcos CCCP, ctSopHtiR T63KCOB , pacxoAu 
na i^rxbTypKyi) nporpeuxyH opraHHau(Hn cHMnosityua cOcTaBjmeT 
400 ^ 6 , jiXfs asTo^B soicaaHux AoiuiaAOB H rocfalt 200 pytS. 
(uneHH OprKOHHTera ocBoKoxjiannfCR) n Qepasonnoa Ha cqar Co-
sercxofl reofspuaJibKotl Accounaom 70000606027 B npHaa.nTHtlCKOM 
OTjisneHUK npoKCTpoKtiaKKa HenvtHrpafta (I9TO04, Cpê iHHR n p , , 29, 
WO I7I274 ;ta I anpeis 1992 r . , a noc^aHHutt nocxe aToro cpoxa 
HJiK BHocHMirfl npH perKGTpaqKH yBe;i»PiHBae?e(i Ka.2(%. 

HECTO npQBE/pfttfl ,w AflPEc opncMHisrA: aajno3HyiiA 

JleHMurpancKHli popHali MHCTMTyr. 199026 JIsHHHPpafl, 21 itKimH, 2, 
TeJia$oHU 2136137, 3550112, Te^eKC I 2 I 4 9 4 L C 1 P U S 
4eKC (012) 213-26-10 
UpeflcexaTejib OpritoioiTOTa, 'PoKiop JlITd <iaeH-KOpp.. AH'LCCCP 

H.U.npacKypi{KaB 
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MUFFLER CfiRON 

Sat 11 May 91 

15:25 - Paul Kruger 
Received my fax of 5/11/91, 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 commimicating, 
the US-Soviet Monograph is in deep trouble. Paul stated tfiat 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 laiow the 
number). Federal Express is not the solution; there is a 10-day delivery time, 
and at a prohibitive cost. 



T A K E ' . 
PRIDEM: tinited States Department of the Interior . AMEMCA' 

GEOLOGIGAL,SURVEY 

5/11/91 - 15:10 PDT 

TELEFAX COVER SHEET 

To: Paul Kruger 

FAX: 493-4284 
TEL: 493-4284 

From: Patrick Muff 
USGS x ^ 
Menlo Park, GA 
FAX: 1-415-329-5110 
TEL: 1-415-329-5239 

Number of pages including this one: 2 

S u bj e ct: Response to your faxes of-21 April 91 -and-22 April 91 and 
your NewsMemo No. 6 dated 30 April 91 

Apologies for being late;, but. I have had no time to do more than glance at 
your faxes and the NewsMeino until this weekend. I have received nothing from 
the Chapter Authors of Volume 1 in response to your 30 April 91 NewsMemo, so. 
this response represents only my"(initial) reaetions. — . -

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-authors"[ Most of the US 
authors are very busy people and are in a veiy poor position to play catch-up 
this summer. Fortunately, there appears to t« 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. ^ 2 of last page of the "Memorandum of Invitation ***":Are any ofthe 
American authors in a position to translate their contributions in English into 
Russian? I cerMirily am riot. How is this translation to be 
accomplished? 

11212. 



5/11/91 - 15:09 PDT 

3. Protocol for conducting Intemational 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 it takes to put together an Intemational Symposium? Not 
only the "in-country" efforts, but aU the effort abroad to prepare the 
contributions, get firiancirig arid permission to attend, etc., etc. One year is 
hardly enough lead time. Plus thie Symposiurn is only two years after Kona; 
intemational 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 
authoi^, much less people outside the monograph. 

4. p. 3-4 of the Protocol for eonducting Intemational Symposium "Problems in 
Gfeothenrial Eiiergy": In note that John Garnish is listed as a Co-Chairman, 
biit I know frbih having spent nearly a week with John in Pisa in late April 
that he knows little about the rnatter. Siftiilarly, the assumption that the 
Symposium will get "support" (firiancial?) from the Irifertiational Qeothermal 
ArssToeiation is nothing^more than an assumption. "TTie IGA is struggling t o -
keep afloat finanGially (particularly because of difficulties witii GRC), and it 
is highly questionable whether any financial support for a meeting in Crimea 
win be forthcoming. 

p / 

5. I 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 agq. Therefore, a priority item for you in Leningrad 
is to extract these responses. Then maybe we have a cha,nce of 
energizing die American authors. 

Please call if you have any specific questions. I plan to be out of the office 
from Friday 17 May untU 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 schediijing traffic school!) 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 Timiauz, the development of the 
Soviet Geothermal Association plans for an International 
Symposium for 1992 involving all U.S. Co-Authors, and the first 
Nev/sMemo from Prof. Dyadkin to ths 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 environment 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, if 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. 



SGP-LMI Geothermal Agreement 
Task 4 

Soviet-American Monograph 

Rapid Translation' 
Memorandum of Invitation 

i 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) ahd in 
English (Stanford Press, Stanford) under Technical Task No. 4 of 
the Gebthermal 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 ^ RESOURCES, 20 auth.l 

for USSR - Prof. V.I. Kononov (GIS) 
Prof. A.A. Smislov (LMI) 

for USA - Dr. P. Muffler (USGS) 
Goihmitment for publiGatibn of volume in "Nedra" (20,000 ruble/' 
provided by Scientific Council on Problems in Geothermics AS U/ 
(MOSCOW); American publication - by self-̂ support 

Vol. 2 EXTRACTION Crechhical recovery), 20 auth.l 
for USSR - Prof. E.I. Boguslavsky (LMI) 

Dr. V.A. Vaciliev (ElsllN) 
for USA r Dr. H. Murphy (LANL) 

Commitment for publication of volume in "Nedra," (20/ 
provided by Soviet Geothermal Association (/Leningr'' 
publication - by self-support / ' ' 

Vol- 3 UTILIZATION, 20. auth.l 
for USSR - Prof. O.A. Povarov (MEI) 

Dr. G.M; Gaidarov (VNiPir 
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 of 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 
Symposium from USSR and other countries 
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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 Vol. 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 chapter, 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, ail 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. is 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" language 
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 is 
concrete factual materials, quantitative characteristics, tabulated 
digests should be used only for illustration of explanatory 
technical positions, mechanisms, principles. It is doubtful 
whether it is appropriate for cumbersome 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). In 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 

Date: 28 March 1991 

It seems like Ages since there was something to write about 
following NewsMemo 4 of 30 November 1990 ! 

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 mall" 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. In 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. 

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 Paul! 
I have good news: 
Yesterday, 27 Feb 91 In Tlrneaus, 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 zone. At 
present, the results are close to calculations. In 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 Sj5A. 

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 l . 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. 

Yuri Dyadkin 



/•^f/^) 
I i \ n / ^ c 

L A B O R A T O R Y O F 

I*-' ' ^ ' ! ^ ^ ' ' - 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 oil 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, 

Andrey Shilovsky 
Managing Director 

117485 Moscow USSR 
Profsojznaj 102-A 

Telex411700 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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Praclical information. 

Departure from Moscow to Tiksy by airplane on 
Thursday 1 Augusi, return from Tiksy lo Moscow, 
Thursday 14 August. Transportation and 
accommodation wiil be by ship. We'll ali slay and have 
meals aboard, and use motorboal to go ashore. Normal 
temperature at this time of year is around 10 C and we 
advice the participants to be well equipped wilh suitable 
warm field clothes. The field workshop will be lead in 
Arctic, where the weather condilions are changeable and 
so the return date could be delayed for 1 -3 days. 

Cost 

The cosl of the workshop is 4500 $. ll includes all 
expenses in Moscowandin Yakutya (includingair tickets 
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: 

— Alle Mork, IKU N-7034 Trondheim, Norway. 
Phone: +47 7 59 11 00,Fax: +47 7 59 II 02 (aul). 
Telex: 55434 iku n 

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

Dead line for booking and paying is April 30, 1991. 

Ali the questions for additional informaiion should be 
adressed to the Organisation Committee: USSR, 117485, 
Moscow, Profsovuznava 102-A 

Dr. Egorov A.Y. 
Phone: 125-77-11 
Fax: 232-03-82 

Dr. Savostin L.A. 
Phone: 335-05-00 
Fax: 200-22-16 large 

HgrQggQl^:gia 
Space acrogcological Expcdiiion-3 

Uborauny 

t lMWU 

wilh Ihe assislance of IKU (Norway) and GROSOl-T (USSR-Austria' 
USSR, 117292 Moscow, Krjijahbvskogosi.'S block 3 "Aerogc6logiii"-3 
phone: 125-77-11. fax: 232-03-82 
"USSR. 117485 Moscow. Profsoyiiznaya sl. 102-A LAR<5E, 
phone: 335-05-00. fax: 200-22-16 large 

STRATIGRAPHY, SEDIMENTOLOGY 
AND TECTONICS 

FIELD WORKSHOP 

LENA 
1991 

Organizalion Commillee: 
Egorov A.Y.(Aerogeologia), Savoalin LA.(LARGE), 

DagysA.S.(lELAS), Drachev S.S.(LARGE) 
Novikov A.A.(Aerogeologia), Mironov I.V.CIMGRE) 
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BACKGROUND FIELD PLANS 

The Kamchalka peninsula is uncommon geological, biological and geographical nature reserve. The bigger part 
of it is nol m.nslcrcd by people. Many namralisls and irevcllcrs arc dreaming to visit Kamchalka. 
Thc nature of Kamchatka is excellent and severe. Kamchalka is one of finest places of thc Earth. 

There arc two large mountain ridges at peninsula: Sredinny Ridge (where Ihere Isa highest moun lain of Kamchatka 
- Kiuichevskoy volcano, height 4750m) and the East Ridges (Valaginsky, Tumrok, Kumrotch). The ridges are 
divided by Ozernaya Kamchalka rivers valley - Ihe largest river of peninsular. There are many differeni animals 
al Kamchalka. Among ihem: brown bears, mountain shccps, reindeers hares and many others. There is a lot of 
fish in the rivers. Southern pan of peninsula is covered by laiga. At taiga ihere are many rare and relict lypes of 
plants. 

I'rom geological poini of view Kamchalka is uncommon too. Thc peninsula consists of different geological 
complexes: from precambrian (or paleozoic) to modern age. Our invesligalions discovered, that peninsula has 
composed of palaeo-back-arc-baslns; palaeo-volcanlc-island-arcs; conlinenlal rifling and others complexes. 
There are many active volcanoes at Kamchalka: Kiuichevskoy Is the highest active volcano at Euro-Asia; 
Mutnovsky volcano has greatest In the world thermal apanage flow in crater; Koryaksky and Avachinsky volcanoes 
wliich you can see from Petropavlovsk-Kamchntsky. 

At 1991 we will live al two tent camps. The first camp (map no 1,2) wili be located at upper of Kvahona river (right 
l i ihi i iary of Koipakovn river). Thc second camp (map no 1,3) will be locale ai ihe moulh of Moroshechnaya river 
(coast of Kvachina bay of Ohotsksea). 

'I'he Geotour will be led by C.E.Bondarenko, the geologist In chief of Kamchatsky branch of IJU?GE 
Iniernational; N.B.Kusnetsov, the geologist of l A R C E Iniernational and geologists from Kamchalka Geological 
Sci'ves. 

Wc are liivlil i ig to lake pan In Geotour all nalurollsls, who nre inloresled In this region and all Irevcllcrs, who like 
wilderness and exotic. Oiir Geotour, also, would be inlcrcsiing to all broadminded geologists, who arc interested 
in evoiuiion of Norih-wcsl convergence border of Pacific. 
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Geotiire is planned as a series of excursions which will be carried from two tent camps. We shall go to the excursion 
places of and back by helicopter. Excursions themselves will be pedestrian. The part of excursions will be 
pedestrian only. We will Investigate the geological and geographical features of re'gion during the excursion. Our 
geotour will be extremely interesting for geologist of differeni speciality and for lovers of journey and nature, who 
are Interested In the history of our Planet. 

You wiil be able to hunt rare animals of Kamchatka for separate pay:for brown bear - 2000 S; probably for 
mountainous sheep - 3000 $. The lovers of fishing will be able 10 angler of salmon In rivers for separate pay (near 
10$ for one fish). 

We will live In hotel In Moscow and Petropavlovsk-Kamchatsky. We will live In tents al field camps. The 
nourishment and drinks are for our calculation. The mode of life at field camps Is ascetlcal. It's for courageous 
and brave men and very different from life In fashionable hotel. But we will do all the best 10 make this lour exciling. 

SHEDULE 

SUNDAY, 7. July: arrlyal to Moscow or lo Khabarovsk nnd accommodalion at a hotel. 

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

TUESDAY. 9. July: arrival to Petropavlovsk-Kamchatsky. Accommodalion al a hotel. Ai evening - icebreaker. 

WEDNESDAY, 10. July: fly from Petropavlovsk-Kamchatsky lo lent camp al Kvahona river. Thc lecture about 
geological and geographical features of region. 

THURSDAY, 11. July: geological excursion to upper of Oranatovy stream. The melamorphic complex (biotile 
gneisses, amphibole biolite gneisses, amphibolites of MZ (J?) age with bodies of ulirabasiics. The auloclasiic 
picrlles melange zone sludy. Mafic kscnolites in porphyriles J3-KI age. During of excursion - the bcautirui 
panorama of Kolpakova river basin. ^ 

I'RIDAY, 12. July: excursion lo paico-volcano Hangar. Wc will have a chance to find in l;irgc caldera wiih fine 
lake after hard asccni. During the ascent wc will acquaint wilh the structure of slralum-volcaiui:iiulwilii consisting 
rocks. 

SATURDAY, 13. July: excursion to "Granalovaya mountain". Thc metamorphic and intrusive complexes. Siudy 
of sclsmodislocalions. Wc will choice the samples of mciasomalic rock wiih large crysials of nimandin. 

SUNDAY, 14. July: heiicoplcr excursion lo Uson volcano caldera. Bathing in lake with warm walcr. Examination 
of huggelly sulfur accumuialions. Usons caldera is one of finesl places of Kamchalka. 

MONDAY, 15. July: excursion to Ho/.gon ridge. Acquaintance wiih lurbidatc complex of K2 age and with coniaci 
of Ihis complex and paleo- island- arc complex J-KI age. Very inleresliiig teclonic: coinplicaicd folds, ihrusis. 

TUtiSDAY, 16. July: heiicoplcr excursion 10 Geyser valley. 

WEDNIiSDAY, 17. July: excursion 10 Kvahona and Huliiin rivers watershed. 'Ihc folding siruciure of 
niclamorphic complex and intrusions of muscoviie granile. 

THURSDAY, 18. July: helicopter excursion to Mutnovsky and Gorely voicano. We will disembark at ihc era ier 
of volcano and break the samples of young volcanogenic rocks. 

FRIDAY, 19. July: helicopter flight 10 Moroshechnaya river niouih (tent camp number two). The pillow lavas and 
agglomemllon luffolava of J2-K1 age study. 

SATURDAY, 20. July: excursion along the coastal cliffs. The large syncline of eocene-oligoccne rocks sludy. 
Thereare many fossils of Bivalvia and Gastropoda groups. Thc classic angular iinconformiiy bclwccn eocene rocks 
and lurbldaie complex of K 1-2 age. 

SUNDAY, 21. July: excursion along Ihe coaslal cliffs. The olistoslrom complex of hotcriv-barremian age and 
lurbldaie complex K I -2 age. The uncommon beauiy views: Ihe black cliffs arc overhanging over the green walcr; 
the birds bazaars; the beautiful cascades. 

MONDAY, 22. July: heiicoplcr excursion, over the finesl volcanos of Kamchatka. The rare possibility 10 
photograph volcano from helicopter. 

TUESDAY, 23. July: departure 10 Petropavlovsk-Kamchatsky. We will take away our baggage lo hotel and go in 
Paralunka (famous heallh resort with medicinal thermalwater). At evening- banquet. 

WEDN ESDAY, 24. July: departure from Pelropavlovsk-Kamchalsky lo Moscow or to Khabarovsk. You may lake 



10 home the uncommon photographies, collection of rocks and hunting trophies (If you Is lucky). Among Ihem you 
wili lake home many of agreeable Impressions. Welcome to Geoiure. 

PRACTICAL INFORMATION. 
Dcpariurc from Moscow lo Pelropavlovsk-Kamchalsky by airplane on Monday, 8. July, flight no 59 al 11.25. or 
from Khabarovsk by airplane on Monday, S.July, flight no ... a l . . . . Retui-n lo Moscow 24.July, flight no... a l . . . 
and to Khabarovsk 24 July, flight no ... a(.. . . Transportation within the Kamchatka by helicopter. We will fly to 
places of excursion and back by helicopter. We will perform thc part of excursion by fool from field camps. Normal 
lemperature al ihis time of year Is around 15 C and we advice to partlclpanis lo be well equipped with suitable 

' warm field cloihers. There are many mosqultos at this season and we advice provide oneself with repellent. You 
musi have special rubber foot-wear, because many little rivers and streams al places of excuralon. The climate of 
Kamchalka is very peculiar: the cold winds; rain and snow Is normal phenomenon. Therefore Ihe Inslgnificanl 
deflection from deiail plans Is possible. You will successful get over all difficulties of Geoiure al Kamchatka. Our 
guides who are nn experienced field geologist and experts of nature conditions and the animal kingdom of 
Kamchalka will help you in il. 

COST 
'I'hc cosl of the workshop is 5000 $. l l Includes all expenses In Moscow and In Kamchatka (excluding air tickets). 
'Ihis sum wili he Invoiced from'LARGE Iniernational before Ihe workshop. All air tickets Inside the USSR will be 
rcsci-\'cd In Moscow. .Mote please, that air tickets for foreigners In thc USSR have lo be paid In Ihc hard currency. 
Tickcl price Moscow - Pclr.-Kamch. 500 $ and Khabarovsk - Peir.-Kamch. is approximately 360 $ 

RESERVATION 
Rcsci-vaiion should be addressed lo: 
LcoSavosiin, LARGE International, J.V. 16801 Greenspoint Park Drive, Suite 151, Houston, Texas77060 USA. 
I'ax:(7l 3) 875-2605. 
Dead line for booking and paying Is 10 May 1991 

All questions for nddllional Information should be addressed to the Organization Ck)mmittee: USSR, 117485, 
Moscow, Profsoyuznya 102-A 
Dr. Savostin L.A. I'hone: 335-05-00 Fax: 200-22-16 
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Your way lo Chukoika 
You can flight to Anadyr from 
Moscow, Khabarovsk . and 
Providenia airports. Flight # 8 1 1 -
812 Khabarovsk - Niigata (Japan ) 
- Khabarovsk by " JAL " and 
"Aeroflol". Flight Providenia- Norn 

( Alaska ) - Providenia by "Aeroflol" and "Alaska 
airlines". The straight flights from Anchorage ( Alaska 
) to Anadyr ( Chukoika ) 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 "Aerogeologia" and 
"LARGE Inl." All inleriorair tickets 
will be reserved in Moscow. Nplc 

please, that air tickets for foreigners in the USSR are to 
be paid in Ihe hard currency. Moscow-Anadyr ticket 
price approximates US$300, Khabarovsk-Anadyr- US 
$17Gynd Providenia-Anadyr US$70. 

Our address 

Reservation should be addressed to: 
Dr. Anatoly P. Slavsky - Chief of the 
Geodynamic Survey Par ty , 
Aerogeologia - .3, Krjijanovskogo sl. 
5, block 3, 117292 Moscow, USSR. 
FAX: 200-22-16 box 2536 200-

22-17 box 2536 
TELEX: 411700 box 2045 
Please, show Ihe numbers of boxes afler FAX and 
TELEX. 

Dead line for booking and paying is 30april 1991. 

aerogeologia 
Space aerugcological Ex|ictliiion-3 ^ ^ ^ 

AtiROGEOLOGIA Space acrogcological lixpedllioii-S USSR 117292 
Moscow Krjijanovskogo SI..5 block 3 phone 125-25-40 FAX: 200-22^ 
16 box/2536. 200-22-17 box 2536 I 
IJVRGRIN'i'F.RNATIONALLaboniiorycrregional geodynamic 16801 
Greciis|M)ini Park Drive, Suile I5l,tloiision,rexas 77060 USA I'AX: 
(713)-875-2605 ' 
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THE SECOND 
INTERNATIONAL 

GEODYNAMIC FIELD 
SEMINAR 

Koryak ridge 20 July - 8 August 1991 

Organizulton Commitlcc: 
Aiiaioly I'. Slavsky "Acrogcologlii" 

Ixu A. Savostin "I ARGE Inlernulionul" 



Thc Koryak ridge consists of a 
collage of teclonostratigraphic 
terranes Ihat have been displaced 
lo varying degrees relative to each 
other and to burasian continent: 
Accret ion lo Ihe continental 
margin occtirred mainly from Laic 
Jurassic to Cenozoic lime. 

Thc Mainils terrane where the 
Second International Geodynamic Field Seminar will be 
held covers a small portion of the Koryak accretion area. 
11 is a well preserved island-arc system of thc Callovian-
llaulcrivian aee. Basalls, andcsils, dacites, rhyoliles, 
their tuffs, tufrilcs and siliceous-terrigenous rocks arc 
broadly developed in its northern part. The presence of 
boninifes as indicator rocks of ensimalic island arcs is 
characteristic of this area. Thc souihern part of Mainils 
terrane, separated from northern one by Yagel 
serpentinite melange is built up by graywacke mixlitcs. 
tuffaceous sandstones, siltstones and gigantic lump-
olistostromcs. l l is a subduction complex of Mainils 
island arc produced both due lo removal of detrital 
malerial from the axial volcanic uplift and due lo its 
tectonic supply from the subducting plate. 
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Field schedule. 
The Seminar is planned as a scries 
of trips and lectures in between. 
During 10 field trips you will have 
an opportunity to get acquainted 
with several unique geological 
objects inside the Mainils island 

arc system. 

Sunday, 20 July 
Arrival in the first field camp. Elgevajam rivcf. 
Monday, 21 July. 
Lectures "The Koryak accretion area" and'"The Mainils 
island arc". 
Tuesday, 22 July. 
Field trip 1. The Elgcvayam autoclastic melange. 
Wednesday. 23 July. 
Field trip 2.' The Lozov allogenic block incorporated in 
accretion wedge of the Mainils arc. 
Thursday, 24 July. 
Field trip 3. Graywacke mixtlle complex. 
Friday, 25 July. 
Field trip 4. Allogenic gabbro-tonalitc massif included 
in subduction complex. 

Saturday, 26 July. 
Flight lo the second field camp. Yagelnaya river. 
Sunday, 27 July. 
Lecture "Ophiolites of the Koryak ridge" 
Monday, 28 July. 
Field trip 5. Basalls and ultrabasic rocks of Yagel 
ophiolite complex. 
Tuesday, 29 July. 
Field trip 6. Gabbro and sheeted dikes of the Yagel 
complex. 
Wedrlesday. 30 July. 
Field trip 7. Volcano-tcrrigcneous rocks of Mainils 
island arc. 
Thursday, 31 July. 
Flight lo Ihc third field camp. Chirynay river. 
Friday, I August. 
Lecture "Ultrabasic and basic rocks in Koryak ridge." 

Saturday, 2 Augusi. 
Field trip 8. Ultrabasic rocks in Chirynay massif. 
Sunday, 3 August. 
Field trip 9. Basic rocks in Chirynay massif. 
Monday, 4 August. 
Field trip JO. Volcano-sedimentary rocks in Chirynay 
Mountains. 
Tuesday, 5 August. 
Return lo Ihe first field camp. 
Wednesday, 6 Augusi. 

Lecture "Oil and Gas geology of the Koryak region". 
Thursday, 7 Augusi. 
The final discussion. 
t^riday, 8 Augusi. 
Departure from the field camp. Arrival in Anadyr. > 
9 - i o Augusi. 
Departure from Anadyr. 



STANFORD UNIVERSITY 
Department of Civil Engineering 

Terman Engineering Center 
Stanford, California 94305-4020 

Telex 348402 STANFRD STNU 
Fax 415-725-8662 

Soviet-American Monograph on Geothermal Energy 

To: Patrick Muffler, Hugh Murph'y, 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 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) 

1.1 Nature of Geothermal Energy 
.1.2 Heat Flow Distribution and Geothermal Anomalies 
1.3" Resource Base and Resources by Type 
1.4 Exploration Geosciences (Geology, Geophysics, Geochemistry] 
1.5 Prospect Evauation 

Volume 2. Extraction (Volume Editors: E. Boguslavsky, H. Murphy] 

2.1 Characteristics of Geothermal Reservoirs 
2.2 Drilling and Completion of Geothermal Wells 
2.3 Well and Reservoir Testing 
2.4 Reservoir Diagnostics 
2.5 Reinjection 
2.6 Stimulation 
2.7 Artificial Circulation Systems 
2.8 Heat and Mass Transfer Processes in Geothermal Systems 
2.9 Management and Economics of Geothermal Fields 
2.10 Potential for Magmatic Heat Extraction 

Volume 3. Utilization (Volume Editors: G. Gaidarov, J. Lund) 

3.1 Spheres of Utilization 
3.2 Thermodynamics of Conversion Processes 
3.3 Electric Power Plants and Steam Cycles 
3.4 Binary conversion Cycles 
3.5 Advanced Conversion Cycles 
3.6 Basic Direct Heat Technology 
3.7 Municipal Heat Supply Systems 
3.8 Industrial Heat and Mineral Extraction 
3.9 Agricultural and Aquacultural Heat Supply 
3.10 Themal water Balneology 
3.11 Environnental 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: 6O2+527-7169 
2255 North Gemini Drive T|y 
Flagstaff, AZ 86001 

Soviet CoAuthor: Anatoly A. Smislov Tel: tbd 
Leningrad Mining Institute Fax: tbd 
21st Liniya No.2 Teley. tbcL 
Leningrad 199026 USSR 

Chapter Outline Suggested 
(• l<̂  Sep '\o) Responsible 
^ r •' Co-Author 

I. Definition of geothermal energy (WAD ?) 
A. Sources of geothermal energy 
B. Distribution and movement of geothermal 

energy within the Earth 
II. 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 
I 11 . Types of geothermal anomalies in the upper crust 

A. Magma bodies 
B. Hydrothermal convection systems 
C. Hot dry rock 
D. Interrelations among magma, hydrothermal 

convection, and hot dry rock 
IV. 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 
V. Speculations on the role of geothermal energy during 

the 21st Century 



Chapter 1.2 
HEAT FLOW DISTRIBUTION AND GEOTHERMAL ANOMALIES 

American CoAuthor: David D. Blackwell Tel: 21 ̂++692-27^+5 
Geological Sciences Dept. Fax: 214+692-U289 
Southern Methodist Univ. Tlx' 
Dallas, TX 75275-0395 

Soviet CoAuthor: Yakov B. Smirnov Tel: tbd 
Geological Institute AS Fax: tbd 

I I I 

Moscow USSR 
Telex: tbd 

Chapter Outline Suggested 
Respons ible 

Co-Author 

Introduct ion (DDB ?) 
A. 
B. 

A. 
B. 
C. 

A. 
B. 
C. 
D. 

IV. 
A. 
B. 
C. 

V. 

VI. References (as compiled) 



Chapter 1.3 
RESOURCE BASE AND RESOURCE BY TYPE 

American CoAuthor: L. J. Patrick Muffler 
U.S. Geological Survey 
3^5 Middlefield Road 
Menlo Park, CA 9^+025 

Soviet CoAuthor: Anatoly A. Shpak 

Moscow USSR 

Tel ; 
Fax 

Tlx 

^15+329-5239 
^15+32,9-5110 

Tel: tbd 
Fax: tbd 
Telex: tbd 

Chapter Out 1 i ne 
(26 Oct 9O) 

Suggested 
Respons ible 

Co-Author 

I . Introduct i on 
A. Overall objective of chapter 
B. Brief history of topic 

Adaptation of mineral deposits 
and petroleum terminology 

II. Basic Definitions Illustrated by McKelvey Diagram 
A. Degree of economic feasibility 

1. Resource base 
2. Accessible resource base 
3. Useful accessible resource base 

B. Degree of geologic uncertainty 
1. I dent i f i ed 
2. Undiscovered 

C. Derived terms 

I I 

V , 
VI . 

1 . 
2. 

Summary 
A, 

B, 
C 

USGS Circulars 
Cascades 

Resource 
Reserve 
of Past Experience 

USA 
1 . 
2. 

USSR 
World 
1. Tuscany 

,2 . New Zealand 
Future Expectations 
A. Recovery factor 
B. Undiscovered resources 
C. Hot dry rock 
D. Magma 
Discussions and Conclusion 
References 

725. 790, and 892 

and Research Needs 

(LJPM) 

(LJPM) 

(AAS) 

(LJPM) 
(LJPM) 

(LJPM) 
(AAS) 
(AAS) 
(AAS) 

(as compi1ed) 



Chapter 1 .k 
EXPLORATION GEOSCIENCES 

American CoAuthor: Phillip M. Wright Tel: 801+52^-3^+39 
Univ. Utah Res. Inst. Fax: 801+52^-31*53 
391 Chipeta Way Ste.C T\>.' 
Salt Lake City, UT 81+108 

Soviet CoAuthor: Vladimir I. Kononov Tel: tbd 
Geological Institute AS Fax: tbd 
Moscow USSR Tel*^. .̂ kdL 

Chapter Outline Suggested 
(.21 Sep %') Responsible 

' Co-Author 
I . Introduct ion (PMW ?) 

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, 
ph ilosophy 

C. Summary 
Summary of exploration methods and exploration 
strateg i es 

II. 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 

III. Regional Exploration Strategies 
A. Summary bf application of geosciences, exploration 

strategies 
B. Regional area selection with characteristics of 

geothermal environments (arid, wet, crystal 1ine-rock, 
volcanic-rock, sedimentary-rock 

C. Regional exploration, exploration process, regional 
exploration strategies 

IV. 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 ?) (VIK?) 
C. Research needed to improve explorati^on techniques 

VI. Discussion and Conclusions 
Vll. References (as compiled.) 



Chapter 1.5 
PROSPECT EVALUATION 

American CoAuthor: Norman E. Goldstein 
U.S. Department of Energy 
MS ER-15 J-315 GTN 
Washington, DC 205^5 

Soviet CoAuthor: Emil I. Boguslavsky 
Leningrad Mining Institute 
21st Lini ya No.2 
Leningrad 199026 USSR 

Tel: 602+527-7205 
Fax: 602+527-7l6q 
Tlx: 

Tel: tbd 
Fax: tbd 
Telex: tbd 

Chapter Outline Suggested 
Respons ible 

Co-Author 

I . Introduct i on 
A. 
B. 

(NEG ?) 

I I . 
A, 
B. 
C, 

A . 
B . 
C . 
D. 

A, 
B. 
C. 

V. 

VI References (as comp i1ed) 



C h a p t e r 2 . V. 
CHARACTERISTICS OF GEOTHERMAL RESERVOIRS 

A m e r i c a n C o A u t h o r : Pau l K r u g e r T e l : U 1 5 + 7 2 5 - 2 3 8 2 
C i v i l E n g i n e e r i n g D e p t . F a x : 1+15 + 7 2 5 - 8 6 2 2 
S t a n f o r d U n i v e s i t y T l y ijonoii 
S t a n f o r d , CA 91+305 * ^ ' ^ ^ o ' \ ~ 

' •STrtWOMlV 
Soviet CoAuthor: Alexie V. Kiryukhin Tel: tbd 

Institute of Volcanology AS Fax: tbd 
Petropav 1 ovsk , Kamchatka Telex' tbcL 
683006 USSR 

Chapter Outline Suggested 
(28 Sep 90) Responsible 

Co-Author 

I . Introduct i o n ' 
A. Engineering definition of a geothermal reservoir 

beyond description of geothermal systems and 
types from Volume 1 (PK) 

B. Brief history of geothermal reservoir eng i pieer i ng (PK) 
C. Basic parameters of geothermal reservoirs (PK) 

II. 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) 
liquid-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., Iceland, Italy, Japan, Mexico, 

New Zealand, Philippines) 
III. 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 ( •'• I 
A. Role of Universities 
B. Role of Research Institutes 
C. Role of National Laboratories 
0. Role of Private Industry 

V . D i scuss ion ( ••'•• ) 
VI. References (as compiled) 

"'•• by exchange of correspondence 



Chapter 2.2 
DRILLING AND COMPLETION OF GEOTHERMAL WELLS 

American CoAuthor: John C. Rowley Tel: 505+667-1378 
EES-1 MS D-i+62 Fax: 505 + 667-3^+9^ 
Los Alamos National Lab. 
Los Alamos, NM 875^5 

Tlx: 

Soviet CoAuthor: Boris B. Kudryashov Tel: tbd 
Leningrad Mining Institute Fax: tbd 
•21st Liniya No.2 Te.le.x- tbdL 
Leningrad 199026 USSR 

Chapter Outline Suggested 
( 5"Oct'-^o) Responsible 

Co-Author 

I . Int roduct i on 
A. Objectives of chapter (BK+JR) 
B. Brief history (BK+JR) 
C. Basic definitions (JCR) 

II. Summary of Past Experience 
A.. USA data summary (JCR) 
B. USSR data summary (BBK) 

II. Drilling Performance 
A. Drilling effectiveness (JCR) 
B. Rock types and borehole configuration (BK+JR) 
C. Drill bit and core bit performance (JR+BK) 
D. Directional drilling and control (BK+JR) 
E. Summary of critical factors (JR+BK) 

IV. Future Expectations and Research Needs 
A. Drilling strategies IJCR) 
B. Measurments iBK+JR) 
C. Technology issues IJR+BK) 

V. Conclusions (BK+JR! 
VI. References (as compiled! 

http://Te.le.x


Chapter 2.3 
RESERVOIR TESTING 

American CoAuthor: Mohinder S. Gulati 
Unocal Geothermal Div. 
3576 Unocal Place 
Santa Rosa, CA 95^+06 

Soviet CoAuthor: Yuri M. Pariisky 
Leningrad Mining Institute 
21st Li n i ya No.2 
Leningrad 199026 USSR 

Tel : 707+5^+5-7600 
Fax: 707+5^5-87^6 
Tlx: 

Tel: tbd 
Fax: tbd 
Telex: tbd 

Chapter Outline Suggested 
Respons ible 

Co-Author 

I . Introduct i on 
A. 
B. 

(MSG 

I I 

V, 

A . 
B . 
C . 

A , 
B , 
C , 
D, 

A . 
B . 
C . 

V I . References (as comp i1ed) 



Chapter 2.k 
RESERVOIR DIAGNOSTICS 

American CoAuthor: Bruce A. Robinson Tel: 505+667-9893 
EES-4 MS D-21+3 Fax: 505+667-8I+87 
Los Alamos National Lab Tlx' 
Los Alamos, NM 8751+5 

Soviet CoAuthor: Yuri M. Pariisky Tel: tbd 
Leningrad Mining Institute Fax: tbd 
21st Liniya No.2 Tdev tlod. 
Leningrad 199026 USSR ^ 

Chapter Outline Suggested 
C^Odt^O^ Responsible 

Co-Author 

I. Introduction (BR+YP) 
A. Overall objective and scope 
B. Basic definitions 
C. General characteristics of diagnostic techniques 

II. 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) 
Isotopes (BAR) 
Minerology (YMP) 
Fluid inclusions (BAR) 

C. Seismic techniques 
Active seismics (YMP) 

vertical seismic profiles (VSP); 
crosswel1 tomography 

Passive seismics (BARI 
monitoring of microearthquakes 

D. Electrical techniques (YMP) 
resistivity measurements; magnetotellurics 

E. Gravity measurements (YMP) 



I. Future Research Needs 
A. Tracers (BAR) 

Environmentally benign, high-temperature tracers 
Fundamental understanding of transport 

i n fractured rock 
Demonstration of applicability of novel 

tracer techniques 
B. Geochemical monitoring (BAR) 

Remote sampling and measurement capability 
C. Seismic techniques (YMP) 

High-temperature logging tools 
0. Electrical techniques (YMP) 
E. Gravity measurements (YMP) 

V. Discussion and Conclusions (BR+YP) 
V. References (as compiled) 

Ch.2.l+ - (2) 



Chapter 2.5 
REINJECTION 

American CoAuthor: Roland N. Home 
Petroleum Engineering Dept 
Stanford University 
Stanford, CA 9̂ +305 

Soviet CoAuthor: Victor A. Vasiliev 
Energy Institute 

Moscow USSR 

Tel : 
Fax: 
T l x ; 

Tel : 
Fax : 

^15+723-9595 
1+15 + 725-2099 

3722*871 -
^T/^MDMn/ 

t bd 
t bd 

Te,le)c •. t (od. 

Chapter Outline Suggested 
(18 Oct 90) Respons ible 

Co-Author 

I . Introduct i on 
A. Discussion of the requirements of a reinjection 

scheme (waste disposal and reservoir management), 
and difficulties (loss of injectivity and 
premature thermal breakthrough) (VAV) 

B. Discussion of the basic principle of thermal and 
fluid transport through porous and fractured 
media. Tracer tests (RNH) 

C. Overview of current practices in actual 
geothermal developments (VAV) 

I I . Summary of Past Experiences 
A. USA (RNH) 
B. USSR (VAV) 
C. World (RNH) 

I I . Research Directions and Needs 
A. Thermal transfer research (VAV) 
B. Fluid transport and tracer research (RNH) 

IV. Discussion and Conclusions (VAV) 
V. References (as compiled) 



Chapter 2.6 
STIMULATION 

American CoAuthor: Ralph W. Veatch 
Amoco Prod. Res-. Center 
P.O. Box 3385 
Tulsa, OK 7̂ +102 

. Soviet CoAuthor: Victor A. Vasiliev 
Energy Institute 

Moscow USSR 

Tel: 918+ 
Fax: 918+66O-I+175 
T l x : 

T e l : t b d 
Fax: t bd 

Chapter Out 1i ne 

(. S Oct °(o) 
Suggested 

Respons ible 
Co-Author 

III. 
IV 

Review of Past Experience (RiAfV ? 
Overview of Possible Stimulation Processes, Methods 
A. Near wellbore methods 
B. Formation penetrating processes 

Criteria, Methods, etc. for Selecting Stimulation Processes 
Application of Stimulation Processes 
A. Hydraulic fracturing 

1. Formation physical, chemical, mechanical 
cons i derat i ons 

2. Treatment materials 
3. Treatment design 
l+. Treatment application and equipment 
Chemical stimulation 
1. Formation physical, chemical, mechanical 

B, 
Formation physical, 
cons i derat i ons 

2. Treatment materials 
3. Treatment design 
l+. Treatment application and equipment 
Mechanical stimulation (explosives, propellants) 
1 .. Formation physical, chemical, mechanical 

cons i derat ions 
2. Treatment materials 
3. Treatment design 
k. Treatment application and equipment 

V. Evaluation of Treatment Effectiveness 



Chapter 2.7 
ARTIFICIAL CIRCULATION SYSTEMS 

American CoAuthor: Hugh . Murphy Tel: 505 + 667-8911+ 
EES Div. MS D-i+i+6 Fax: 505 + 667-31+91+ 
Los Alamos National Lab Tlx* 
Los Alamos, NM 875^5 

Soviet CoAuthor: Yuri D. Dyadkin Tel: 218-86-52 
Leningrad Mining Institute. Fax: tbd 

21st Liniya No.2 Teilex.' tlxj. 
Leningrad 199026 USSR 

Chapter Outline Suggested 

(SOcf^o) Responsible 
' Co-Author 

I . Introduct i on 
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) 

II. Summary of Past Experience 
A. The USA Hot Dry Rock program (HM) 
B. The Soviet Petrothermal program (YDD) 
C. Other programs (HM+YD) 

III. Current Status 
A. USA (HM) 
B. USSR (YDD) 

IV. 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; 

Soviet CoAuthor: 

IV, 

Ping Cheng 
Mechanical Engr. Dept. 
University of Hawaii 
Honolulu, HI 96822 

Semen G'. Gendler 
Leningrad Mining Institute 
21st Li n i ya No.2 
Leningrad 199026 USSR 

Chapter Outli ne 
(3 Oct 90) 

Tel: 808+956-7167 
Fax: 808+956-2373 

Tlx: 

Tel: tbd 
Fax: tbd 

Suggested 
Respons ible 

Co-Author 

Convect i ve 
Geotherma 
A. Onset 
B. Onset 

Introduction 
Fundamental Concepts and Definitions 

Heat Transfer in Idealized Liquid-Dominated 
Systems 

of therma11y-induced convection 
.̂ w of thermo hai ine 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? 
One-dimensional counterflow of steam and liquid 
Cellular convection in a vapor-dominated 
geothermal reservoir 
Film boiling about a dike 

(PC 

B, 
C, 

D, 
Numerical Simulation of Realistic Geothermal Fields 

A. Wa i rake i 
B. Heber 
C. East Mesa 
D. Salton Sea 
E. Cerro Prieto 
F. Baca 
G. Krafla 
H. OIkaria 
I. Serrazzano 
J. Broadlands (Ohaaki) 
K. USSR fields by Soviet Co-Author? 

V I. References (as comp i1ed) 



Chapter 2.9 
MANAGEMENT AND ECONOMICS OF GEOTHERMAL FIELDS 

American CoAuthor: 

Soviet CoAuthor: 

Subi r K. Sanyal 
GeothermEx, Inc. 
5221 Central Avenue 
Richmond, CA 91+8OI+ 

Em i1 I . Bogus 1avsky 
Leningrad Mining Institute 
21st Li ni ya No.2 
Leningrad 199026 USSR 

Chapter Out 1 i ne 
15 Oct 90) 

Tel : 1+15+527 
Fax: 1+15 + 527 
Tlx; 

T e l : t b d 
Fax: t bd 

Telex', thd. 

•9876 
•8161+ 

Suggested 
Respons ible 

Co-Author 

I. Introduction (SKS ?) 
A. Historical background 
B. The need for reservoir management 

II. Management of Surface Equipment 
A. Routine maintenance 
B. Mitigation of scaling and corrosion 
C. Workovers 

III. 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/Injeetion 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. Dec i s i on trees 

VI. Concluding Remarks 
Vll. References (as compiled) 



Chapter 2.10 
POTENTIAL FOR MAGMATIC HEAT EXTRACTION 

American CoAuthor: James C. Dunn Tel: 505 + 84l+-it715 
Sandia National Laboratory Fax: 505 + 81+1+-3952 
P.O. Box 5800 Div. 6252 TIX-. 
Albuquerque, NM 87185 

Soviet CoAuthor: Victor M. Sugrobov Tel: tbd 
Institute of Volcanology Fax: tbd 
Petropavlovsk, Kamchatka Y I O • •-U/J 
683006 USSR '^^^' ^^ " ' 

Chapter Outline Suggested 
(5 Oct 90) Responsible 

Co-Author 

I . Introduct i on 
A. Overall objective of chapter v (JD+VS) 
B. Magma genesis and crustal intrusion (VMS) 
C. Worldwide potential of magma energy (JCD) 

II.. 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) 

III. 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) 
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 (e.g.,Japan) (JCD) 

V. Discussion and Conclusions (JD+VS! 
VI. References (as compiled! 



Chapter 3.1 
SPHERES OF UTILIZATION 

American CoAuthor: Gerald W. Huttrer Tel: 303 + 67O-31+51+ 
Geothermal Management Co. Fax: 303 + 671+-1971 
P.O. Box 2980 
Evergreen, CO 801+39 Tlx'. 

Soviet CoAuthor: Boris M. Kozlov Tel: tbd 
Allunion Inst. CFEP Fax: tbd 

USSR 
Telex • 

Chapter Outline Suggested 
(10 Oct 90) Responsible 

Co-Author-

I . Introduct i on 
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) 
II. Summary of Past Experience 

A. USA (GWH) 
B. USSR (BMK) 
C. World (Europe, FarEast(Japan,Indonesia,China)) (BMK) 

(N., S., C. Americas, Philippines) (GWH! 
I I . 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 (as compiled) 



Chapter 3-2 
THERMODYNAMICS OF CONVERSION PROCESSES 

American CoAuthor: Ronald DiPippo Tel: 5O8 + 999-851+I 
Mechanical Engineering Dept. Fax: 508+997-2877 
SE Mass. University Tlv • 
N. Dartmouth, MA 027^7 

Soviet CoAuthor: Victor A. Vasiliev Tel: tbd 
Energy Institute Fax: tbd 

M (iccD Te.\e/'. t t d 
Moscow USSR 

Chapter Outline Suggested 
(11+ Oct 90) Responsible 

Co-Author 

I. Introduction (•'• = tbd) (••) 
A. O v e r a l l o b j e c t i v e s 
B. Bas i c pri nc i p l e s 

II. A p p l i e d F i r s t Law (•'•) 
A. S t e a m p l a n t a n a l y s i s 
B. B i n a r y p l a n t a n a l y s i s 
C. H y b r i d p l a n t a n a l y s i s 

III. Appl ied S e c o n d Law ("''•) 
A. S t e a m p l a n t a n a l y s i s 
B. B i n a r y p l a n t a n a l y s i s 
C. H y b r i d p l a n t a n a l y s i s 

IV. P r o p e r t y V a l u e s f o r W o r k i n g F l u i d s (••) 
A. S t e a m p r o p e r t i e s 
B. Water/brine properties 
C. B i n a r y w o r k i n g fluid p r o p e r t i e s 

V. D i s c u s s i o n and C o n c l u s i o n s . (''') 
VI. References (as compiled) 



Chapter 3-3 
ELECTRIC POWER PLANTS AND STEAM CYCLES 

American CoAuthor: Richard G. Campbell Tel: 213 + 68l+-25lt1 
The Ben Holt Co. Fax: 818+584-9210 
201 South Lake Avenue Tlx: 67-5331 
Pasadena, CA 9IIOI 

Soviet CoAuthor: Victor A. Vasiliev Tel: tbd 
Energy Institute Fax: tbd 

Telex: tbd 
Moscow USSR 

Chapter Outline Suggested 
(9 Oct 9O) Responsible 

Co-Author 

I . 1ntroduct ion (RGC ?) 
A. Objectives ( on topics I-5 below?) 

1 . Brief history ('•??) 
2. Types of power plants (part of History ?) 

generic description of power plants 
detailed description of steam cycles 

3. .Summary of past experiences ("''•''• ??) 
1+. Current status of development (•''••'*" ??) 
5. Future expectations and needs (•''-•'••'•• ??) 

B. History (-• ??) 
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. Def initi ons 
thermodynamics; resources; other 

II. Summary of Past Experience (•'••'• ??) 
A. USA 

1. Dry steam 
detailed description of cycle 

(process flow diagram; variations on cycle) 
dry steam power plants 

(The Geysers, HGPA (HI), 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 (VAV ?) 
C. World 



V, 

Current Status of Development 
A. USA 

1. Dry steam cycles 
2. Flashed steam cycles 
3. other 

B. USSR 
C. World 

Future Expectations and Research Needs 
A. Dry steam cycles 

1. Handling corrosive steam 
2. Adapting power plants to declining resource pressure 
3. other 

B. Flashed steam cycles 
1. Adapting power plants to wide range of resource 

cond i t i ons 
2. Handling low temperature resources 
3. Total flow cycles 
1+. other 

Discussion and Conclusions 
References (as compiled) 

Ch-3.3 (2) 



Chapter 3.1+ 
BINARY CONVERSION CYCLES 

American CoAuthor: Kenneth E. Nichols Tel: 305 +4l|-*Sll| 
Barber-Nichols Engr. Co. Fax: -̂ î + 
6325 W. 55th Avenue 
Arvada, CO 80002 T\X: 

Soviet CoAuthor: Victor A. Vasiliev Tel: tbd 

Energy Institute Fax: tbd 

Moscow USSR 

Chapter Outline . Suggested 
(8 Oct 90) ' Responsible 

Co-Author 
I . Introduct i on 

A. Scope to be covered and Objectives of chapter (KEN) 
B. Brief history of topic (KEN) 
C. Basic Definitions (VAV) 
D. General Discussion (VAV) 

I I . Summary of Experience 
A. USA (KEN) 
B. USSR (VAV) 
C. World (VAV)' 

III. Current Status and Development 
A. USA (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 
EG&G Idaho Fax: 2O8+526-O969 
P.O. Box 1625 Tlx: 
Idaho Fal 1 s, ID 831+15 

Soviet CoAuthor: Anatoly V. Shurchkov Tel: tbd 
Inst. Engr. HeatPhysics Fax: tbd 

Telex: tbd 
USSR 

Chapter Outline Suggested 
(30 Oct 9O) Responsible 

Co-Author 

I . Introduct ion (CJB ?) 
A. Review of State-of-the-Art 
B. Logical efficiency (Second Law) limits 

11. Steam Systems (Direct and Flashed) 
A. Effective handling of honcondensables 

1 . Rebo i1er eye 1es 
2. Other strategies 

B. Other advanced systems 
1. Combined steam and binary systems 
2. Other innovative systems 

II. Bi nary Systems 
A. Rankine cycle modifications 

1. Working fluid selection 
2. Countercurrent integral phase changes 
3. "Expansion through the vapor dome" 
l+. Ka 1 i na System 12 
5. Other modifications 

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

V. Discussion of Applicability and Conclusions 
V. References (as compiled) 



Chapter 3.6 
BASIC DIRECT HEAT TECHNOLOGY 

American CoAuthor: Gene Culver Tel: 503+885-1516 
Geoheat Center Fax: 503+885-1115 
Oregon Inst, of Technology 
Klamath FalIs, OR 97601 

T\%; 

Soviet CoAuthor: Nikolei V. Ogorodov Tel: tbd 

Allunion Inst. CFEP Fax: tbd 

USSR . "^^^^^ *̂ '*-

Chapter•Out 1 ine Suggested 
(.9 )ct 90) Responsible 

Co-Author 
I . Introduct i on {GC ?) 

A. Objective 
information on equipment and materials of 
construction to extract 1ow-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 h i story 
in USA (GO 
in USSR (NVO) 

C. Basic definitions (GC+NO) 
D. General characteristics (GC) 

1. Summary of Past Experience 
A. USA (GO 

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 

4. P i pi ng 
metal 1 I c 

(steel, ductile iron, copper) 
non-metaIlic 

(high & low density polyethylene, poiybuty1ene, 
reinforced fiberglass, asbestos cement, 
PVC and CPVC) 

i nsulat i on 
(pre- and post-insu1ated) 

i nstal1 at i on 



I I 

V, 

V 

heat transfer coeff 

potential problems) 

5. Heat Exchangers 
tube and shel1 
plate and frame 

(description, materials, 
brazed plate 

(description, materials, 
downhole heat exchangers 

(description, advantages, disadvantages, 
des i gn) 

.6. Absorption Cooling 
7- Controls and Valves 

basic control schemes 
va1ves 

(types, mater i a 1s) 
B. USSR (similar section! 
Current Status of Development 
A. USA 
B. USSR 

( NVO) 

(GO 
(NVO) 

and Research Needs 
(GC+NVO) 

(GC) 
(NVO) 

VI 

C. World 
Future Expectations 
A. USA 
B. USSR 

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.b (2 ) 



Chapter 3.7 
MUNICIPAL HEAT SUPPLY SYSTEMS 

American CoAuthor: Kevin Rafferty Tel: 503+885-1516 
Geoheat Center Fax: 503+885-III5 
Oregon Inst, of Technology 
Klamath FalIs, OR 97601 

Tl)c.. 

Soviet CoAuthor: Gaidar M. Gaidarov Tel: tbd 
Allunion R "and D Inst.Geoth Fax: tbd 

Telex •• -t tjcL 
USSR 

Chapter Outline Suggested 
(9 Oct 9O) Responsible 

Co-Author 

I . Introduct i on 
A. Objective (GMG) 
B. USA history (KR) 
C. USSR history (GMG) 
D. Definitions (KR+GMG) 

II. 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) 
meter i ng 

4. Di str i but i on 
piping; temperature control; valves 

5. Customer connections . 
branch lines; metering; T temperature control 

6. D i sposal 
injection; surface 

7. Economics 
capital costs; operating costs; rates 

B. USSR (similar section) (GMG) 

III. 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 
4. Environmental issues 
5. Research needs 

B. USSR (GMG) 
• V. References (as compiled) 



Chapter 3.8 
INDUSTRIAL HEAT AND MINERAL EXTRACTION 

American CoAuthor: Dennis T. Trexler Tel: 702+784-6151 
Div. of Earth Sciences Fax: 702+784-1300 
University of Nevada, LV Tlx: 
Reno, NV 89503 

Soviet CoAuthor: Foat G. Sharafutdinov Tel: tbd 
Allunion R&D Inst. Geothermy Fax: tbd 

Telex: tbd 
USSR 

Chapter Outline Suggested 
(9 Oct 90) Responsible 

Co-Author 

I. Introduction (DTT ?) 
A. Obj eet i ves 

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 
preparat i on) 

4. Def init ions 
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) 

II. Previous Applications 
A. USA (DDT ?J 

1. Grain drying - South Dakota 
2. Ethanol production - Nevada, Idaho 
3- Mineral processing - Texas 

B. USSR (FGS ?) 
C. Worldwide 

1. Borate salts to glaze ceramics 



III. 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 
4. Laundry - Wyoming, Nevada 
5. Highway deicing - Oregon 

B. USSR 
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 - Iceland; diatomaceous earth - Iceland 
timber drying - New Zealand; alfalfa - New Zealand 
agricultural products - Kenya, Hungary, Yugoslavia 

3. Mineral processing and extraction 
chemicals - China; salt production - Iceland, Japan 
borates - Italy; boric acid - Italy 
sulfuric acid - Japan; elemental sulfur - Japan 

(here ?) rare earth extraction - USSR 
IV. 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+646-2639 
Southwest Tech. Dev. Inst. Fax.: 505 + 646-2960 
New Mexico State University Tlx: 
Las Cruces, NM 88OO3 

Soviet CoAuthor: Ivan M. Dvorov Tel: 230-84-04 
Sci.Counc.Geoth.Invest. AS Fax: tbd 
Staromonetny pr. d.35 fni ^14 Telex: tbd 
Moscow, 109017 USSR 

Chapter Outline Suggested 
(9 Oct 90) Responsible 

Co-Author 

I . Introduct ion (RS ?) 
A. Top i cs: 

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 

I I . 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 

III. Summary of Past Experience 
A. USA (RS ?) 

1. History of USA geothermal greenhouse projects 
2. Growth trends of industry (if available) 
3. Successful projects 
4. Project failures with reasons for failure 

B. USSR (IMD ?) 
1. History of USA geothermal greenhouse projects 
2. Growth trends of industry (if available) 
3. Successful projects 
4. Project failures with reasons for failure 

C. World 



IV. Current Status of Geothermal Greenhouse Development 
A. USA 

1. Size of geothermal greenhouse industry 
2. Annual geothermal energy utilized 
3. Number and types of business, locations 
4. Typical crops and products 
5. Typical geothermal resource parameters 
6. Discussion of selected greenhouse businesses 

7. Research and development programs 
8. Government incentives 

B. USSR 
1. Size of geothermal greenhouse industry 
2. Annual geothermal energy utilized 
3. Number and types of business, locations 
4. Typical crops and products 
5. Locations 
6. Typical geothermal resource parameters 
7. Discussion of selected greenhouses 
8. Research and development programs 
9. Government incentives 

C. World 
same topics as above for other countries 

e.g., Japan, China, Europe, New Zealand 
V. Aquaculture 

A. History of geothermal aquaculture production 
B. Technical design considerations 

1. Aquaculture systems 
intensive and extensive systems 
culture species 
water quality requirements 

2. Geothermal heating systems 
heat loss principles 
direct and indirect systems 
cascaded systems 
energy and water conservation features 
temperature controls 

3. 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 

1. Size of geothermal aquaculture industry 
2. Annual geothermal energy utilized 
3. Number and types of businesses 
4. Cultured species and production 
5. Locations 
6. Typical geothermal resource parameters 
7. Discussion of selected aquaculture installations 
8. Research and development programs 

B. USSR 
1. Size of geothermal aquaculture industry 
2. Annual geothermal energy utilized 
3. Number and types of aquaculture installations 
4. Cultured species and production 
5. Locations 
6. Typical geothermal resource parameters 
7. Discussion of selected aquaculture installations 
8. Research and development programs 

C. World 
same topics as above for other countries 

e.g., Japan, China, Europe, New Zealand 
VII. Other Agricultural Applications 

Short discussion of USA, USSR, and worldwide projects 
VIII. Future Expectations and Research Needs 

A. Industry growth projections 
B. Industry trends 
C. Factors affecting growth 

economics 
(fuel/operating cost; capital cost of geothermal 
heat; government incentives) 

env i ronmentaI 
D. Research needs 

IX. Discussion and Conclusions 
Summary 

X. References (as compiled) 
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Chapter 3.10 
THERMAL WATER BALNEOLOGY 

American CoAuthor: John W. Lund Tel: 503+885-1516 
Geoheat Center Fax: 503+885-III5 
Oregon Inst, of Technology 
Klamath FalIs, OR 97601 Tk; 

Soviet CoAuthor: A. Ivanov Tel: tbd 
Fax: tbd 

Moscow USSR 
Teiex*. t ^ 

Chapter Outline Suggested 
(9 Oct 90) Responsible 

Co-Author 

I. Overall Objectives of Chapter 
A. Medical developments (Al) 
B. Engineering equipment and niethods of using 

geothermal fluids (JWL) 
C. Brief history related to early use by Romans, 

Ottomans, Central Europeans, Japanese, etc (AI+JWL) 
D. Basic definitions (AI+JWL) 

I I . Summary of Past Experience 
A. USA . (JWL) 
B. USSR (Al) 
C. World (e.g., Japan, Czechoslovakia, others) (JWL) 

III. Current Status of Development 
A. USA, including engineering (JWL) 
B. USSR (Al) 
C. World (AI+JWL) 

IV. Future Expectations and Research Needs 
A. Medical aspects (Al) 
B. Engineering aspects (JWL) 

V. Di scussion (JWL+AI ) 
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 Ivanov Tel: tbd 
Leningrad Mining Institute Fax: tbd 
21st Liniya No.2 Telex: tbd 
Leningrad 199026 USSR 

Chapter Outline Suggested 
(9 Oct 90) • Respons i ble 

Co-Author 

I . Introduct ion (DLC ?I 
A. Objectives 

1. Identify and characterize the environmental 
impacts associated with geothermal exploration 
and development activities 

2. Discuss methods currently used for mitigating 
unavoidable environmental impacts 

3. Identify new or unforseen potential impacts 
from long-term development of geothermal 
resources 

4. 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 
4. Mitigated geothermal energy projects 

C. Bas i c Def init ions 
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 
Ai r quali ty impacts 
Water quality/hydrologic resource impacts 
Geologic impacts 
Cultural and biologic impacts 
Socioeconomic impacts 



II. Environmental Impacts from Historic Geothermal Energy 
Development 

A. USA 
1. Environmental conflicts in sensitive areas 

Geysers experience; Sierras; Hawaii 
2. Environmental considerations in other areas 

Imperial Valley; Coso Hot Springs; Nevada 
B. USSR , (Bl) 
C. World 

(e.g.. New Zealand; Iceland; Japan; Philippines) 
III. Environmental Aspects of Current Geothermal Development 

A. USA 
1. Stricter pollution control requirements 
2. Health and safety issues 
3. Competing uses of resources 
4. Aesthetic impacts (noise; visual; odors; etc) 
5. Cumulative impact considerations 

B. Hydrothermal convection systems (Bl) 
C. World 

IV. Future Environmental Issues and Research Needs 
A. Air pollution abatement requirements 
B. Water resource availability and alternate 

cooli ng systems 
C. Project closure and post-closure requirements 
D. Competing uses of resources 
E. Cumulative impact restrictions 

V. Discussion and Conclusions 
VI. References (as compiled) 
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I STANFORD UNIVERSITY stanfoXaiSSSSS 
y Department of Civil Engineering Teiex 348402 STANI^^D 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 Stanford 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 outlines 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 symposium, 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: tbd 
21st Liniya No.2 
Leningrad 199026 USSR 

Chapter Outline Suggested 
( \'\ S a o ^ o l R e s p o n s i b l e 
^ >J t" ' ^ C o - A u t h o r 

I. Definition of geothermal energy (WAD ?) 
A. Sources of geothermal energy 
B. Distribution and movement of geothermal 

energy within the Earth 
II. 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 
III. Types of geothermal anomalies in the upper crust 

A. Magma bodies 
B. Hydrothermal convection systems 
C. Hot dry rock 
D. Interrelations among magma, hydrothermal 

convection, and hot dry rock 
IV. 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 
V. Speculations on the role of geothermal energy during 

the 21st Century 



Chapter 2.10 
POTENTIAL FOR MAGMATIC HEAT EXTRACTION 

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

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

Chapter Outline Suggested 
i 5 Oct ^ o \ Responsible 

Co-Author 

I . I ntroduct i on 
A. Overall objective of chapter (JD+VS) 
B. Magma genesis and crustal intrusion (VMS) 
C. Worldwide potential of magma energy (JCD) 

I I . 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). 

III. 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) 



Chapter 1.4 
RATION GEOSCIENCES 

M. Wright 
tah Res. Inst, 
peta Way Ste.C 
ke City, UT 84108 

Tel: 801+524-3439 
Fax: 801+524-3453 

r 1. Kononov 
cal Institute AS 

USSR 

apter Out 1 i ne 

1 

Tel : 
Fax: 

tbd 
tbd 

Suggested 
Respons ible 

Co-Author 
PMW 

used , 

i~; rn i r ruuuc - i ; run 
A. O b j e c t i v e o f 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 
ph i1osophy 

C. Summary 
Summary of exploration methods and exploration 
strateg i es 

II. 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; hydrothernia 
alteration; isotope studies; fluid inclusions 

D. Geophysical techniques of thermal, electrical, 
magnetic, seismic, and seismological methods, 
remote sens i ng 

III. Regional Exploration Strategies 
A. Summary of application of geosciences, exploration 

strateg i es 
B. Regional area selection with characteristics of 

geothermal environments (arid, wet, crysta11ine-rock, 
volcanic-rock, sedimentary-rock 

C. Regional exploration, exploration process, regional 
exploration strategies 

IV. 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 ?) (VIK?) 
C. Research needed to improve exploration techniques 

VI. Discussion and Conclusions 
Vll. References (as compiled) 

grav i ty, 
and 



SOVIET GEOTHERMAL ASSOCIATION (USSR SGA) 

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

D 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; 

Q 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. 

Q 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; 

Q 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; 

•opportunity to ANNOUNCE, PUBLISH, and DISTRIBUTE among 
geothermal people Your SCIENTIFIC and COMMERCIAL information 
by printing this materials in SGA publications; 

a SGA Men 
for 
for 
for 
for 
for 

ibership CHARGES : 
FOUNDERS 
CO-FOUNDERS 
INSTITUTIONAL members 
CORPORATION members 
INDIVIDUALS 
• Students 
• Foreign members 

15,000 
5,000 
2,000 
500 
5 
1 

$10 

Rubles 

Annually 
Annually 
Annually 
Annually 
Annually 



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

Q SGA RESIDENCE is in Research Laboratory of Mining 
Thermophysics (PNIL GTPh) of the Leningrad Mining Institute (LMI) 

MAILING ADDRESS: LMI-PNIL GTPh-SGA 
2, 21st Linia 
LENINGRAD, 199026 USSR 

LMI TELEX: 121 494 LGIP SU 
SGA Tel: 355-0113, 355-0112, 218-8652 

Q 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. 

Q SGA CO-CHAIRMEN: 
Prof. Emil I. Boguslavsky 
Leningrad Mining Inst., Leningrad 

Prof. Haindrik S. Vartanyan 
All-Union Inst, of Hydrogeoiogy 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 Hydrogeoiogy, A.S. of GSSR, Tbilisi 

US Academy of Sciences Coordinator: 
Prof. Vladimir I. Kononov 
us-AS council on Geothermics, Moscow 

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 

D 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. 

Q SGA is now open for Membership. 
You, Your Group, Your Institute are welcome to join the 
soviet Geothermal Association ! 



Chapter 1 
EXPLORATION GEOSC ENCES 

American CoAuthor; Phi 1 Iip M. Wright Tel 
Univ. Utah Res. Inst. Fax; 
391 Chipeta Way Ste.C -plx 
Salt Lake City, UT 84108 

8OI+524-3439 
801+524-3453 

Soviet CoAuthor: Vladimir I 
Geological 
Moscow 

Kononov 
Institute AS 

USSR 

Tel: tbd 
Fax: tbd 

Chapter Outline 

( 2\ Sep % ) 

n'^il -̂  
l^J 

Introduction • 
A. Objective of Chapter 

Suggested 
Respons ible 

Co-Author 
(PMW ?) 

(• 

B 

,̂.̂;'̂ Ŷ̂''̂ 1̂ 

To review application of geological, geochemical, 
" "ariBr^^eophys ical techniques to regional 

exploration for geothermal resources 
History of geothermal exploration/ 
Brief summary of early development, techniques used, 
ph ilosophy 

C. Summary 
Summary of exploration methods and exploration 
strategies 

Review of Regional Exploration Techniques 
A. Classification of techniques afi-d-^eompaN^on-'-of 

tec±mJj:;tUrerS--=+*S;ed-::Jt;o-:-t.h o s e-̂ -u-se d*-f o r ̂ *m i-n- i-n g"̂ "a n d 
p«-t PO-l-e+jm.-.« xp 1-p r a tri^n 

G e o l o g i c a l t e c h n i q u e s of geologjj: m a p p i n g ; study of 
drill s a m p l e s ; a g e dat i ng;"^"'st r u c t u r a I s t u d i e s ; 
g e o l o g i c i n t e r p r e t a t i o n . 

G e o c h e m i c a l t e c h n i q u e s of c h e m i s t r y of thermal f l u i d s ; 
•'Triajor'Tmi nor,--and—tratre e 1 e m e n t s "T'h r o c k s ; h y d r o t h e r m a l 
a l t e r a t i o n ; isotope s t u d i e s ; f l u i d i n c l u s i o n s 

Geophysical, t e c h n i q u e s of thermal ,. el e c t r i ca 1 ,- gr a v i ty , 
m a g n e t i c , s e i s m i c , and s e i s m o l o g i c a l m e t h o d s , and 
re m o t e s e n s i n g 

R e g i o n a l E x p l o r a t i o n S t r a t e g i e s 
A. S u m m a r y o f a p p l i c a t i o n of g e o s c i e n c e s , e x p l o r a t i o n 

strategies 
Regional area selection with characteristics of 
geothermal environments (arid, wet, crystal 1ine-rock, 
volcanic-rock, sedimentary-rock 
Regional exploration, exploration process, 
exploration strategies 

Exploration Case Studies (also for USSR ?) 
A. (Gebthermal provinces in the USA; summary of 

exploration in the USA 
B. E x p l o r a t i o n o f the Ba s i n a n d R a n g e , w e s t e r n 
C. Exploration of the Imperial Valley, southwest USA 

Future Expectations and Research Needs 
A. F u t u r e of g e o t h e r m a l e x p l o r a t i o n in the USA (PMW?) 
B. (same for USSR ?) (VIK?) 
C. Research needed to improve exploration techniques 

Discussion and Conclusions 
References ., -. (as compiled) 

B 

C. reg i onaI 

regiona1 

USA 

Wn'vt^-t 
. y . , 

--•'r: 
--..^?,ri^-> 

^ ' % ^ i ' 
^^'cMM^^-'^"-'"'^^^^'^ 
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' TELEFAX COVER SHEET 

TO. PhiUip M. Wright From: Patrick Muffler 
UURI U.S. Geological Survey 
Salt Lake Qty, 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 PaiU 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: AA. Smislov (Leningrad Mining Institute, Academy of Sciences) 
USA: WendeU A. Duffield (USGS) 

1.2 Heat How Distribution and Geothennal Anomalies 
USSR: Yo. B. Smimov (Geological Instimiet Academy of Sciences) 

A. Smislov (Lmingrad Mining Institute, Academy of Sciences) 
USA: David D. Blackwell (SMU) 

1.3 Resource Base and Resource by Type 
USSR: A.A. Shpak (All-Union Research Insrimte of Hydrogeoiogy and Engineaing 

Geology) 
A. Vainblat (Leningrad Mining Institute) 

USA: LJ. Patrick MufHer (USGS) 

1.4 Exploration Geosciences (Geology, Geophysics, Geochemistry) 
US SR: V. Kononov (Geological Institute, Academy of Sciences) 

S. Kasparov (Institute of Geothermal Problems, Makhachkala) 
V. Baibakov (Insrimte ofGeology and Geochemistry of Mineral Fuels, Lvov) 

USA; PhiUip M. Wright (UURI) 

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

As first step in establishing communication and cooperation between respective co-authors, 
Paul, Yuri, and I are asking you to crank out a rou^ ouUine of what you think: should be in your 
chapter, basing it in general upon the genmc outiine 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 leng^ of major component sections. Dyadkin will take these oudines with him when he 
returns to Moscow on 11 October 1990 and distribute them to the respective co-authors and to V. 
Kononov (my counterpart editor for volume 1. If we do it tiiis way rather than by mail, we save as 
much as two months time. Mail to and from tiie 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. 
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During the next few weeks, Kruger and Dyadkin wiU be making plans for completion of tiie 
monograph, including a schedule of meetings and major milestones. During this time, Kiuger will 
determine tiie address of your co-autiior and will supply it to you. 

After a long period of non-communication on tiiis monograph, I suspect diis request sounds 
a littie abrupt and''out of tiie blue". Please understand tiiat Dyadlan arrived only yestenday (after a 
week's delay owing to 6ustrating encounters witii US bureaucracy in his attempts to get the 
required visa), I leave for tiie field on Monday 17 September, and wc really want to take full 
advantage of Yuri's presence hca-c and tiie opportunity to short-cut tiie constipated US/Soviet mail 
communication. Thanks very much for your quick response to Kruger. 
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EDtTOR; DR ENRICO BARBIER 
MANAGING EDITOR: MARY H DIGKSOlM 
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Geochmnat {El£seaKh 
2, Piaii* SoUer'ipo 
56126 PISA, luly 
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ASSOCIATE EDITOR FOR THE AMERICAS: 
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TO: PhiliipM. Wright 
UURI 
Salt Lake City, UT 
Fax: 8-588^3453 

TELEFAX COVER SHEET 

From; Patrick Muffler 
U.S. Geological Survey 
Menlo Park, CA 

Fax: FrS459--5110 
Tel: FTS 459-5239 

15 September 1990* 15^24 PDT 
Number of pages including this one: 1 

I have just received from Pisaa manuscript by R,JE>alia, M, Citninale, M. Loddo, 
D. Patella, G. Peccaini, and A. Tramaeeî e enrided "A new geophysieal contribution to tiiestudy of 
tiie Cainpidano geothennal area (Sardiiiia, Italy). It deals with geology, gravity, dipolc^ipble 
resistivity, and magnetics - right up ydiif alleyt Wduid you be willing to arrange for a review of 
this manuscript? It also has been sent to Axel Bjftnissba. 

If you can arrange for the review, plea^ call my secretary,, Mary Ann Mikus, at FTS 459 
5226, and she will send the matiscript and the review sheet to you. 

I leave for the field Monday mohrtng and will be gone until at least 01 October. 
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United States Government 
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Department of Energy 

memorandum 
°*̂ = September 7, 1990 (REVISION to August 2, 1990 memo) 

REPLY TO 
ATTN OF: p g . g Q 

^^^^- TRIP REPORT: 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) 

USSR Hosts 

All 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 I 



travels included visits to the Institutes at Akademgorodok, to a coke 
production facility in Zerlnsk, 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 
Ministry of Electrotechnical Industry on lighting technology was not 
successful. 

/Assessment of Soviet Technology 

Good scientific work Is being done at the various Institutes which were 
visited. Some are clearly stronger than others. I was most Impressed 
with the Paton Institute and the Institute for High Temperature. I 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 econoniy 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. 

Qpoortunities 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 generating 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 geothennal resource. They recognize a 
need for Improved prospecting means, and would like to collaborate 
with a U.S company or University to do geothermal napping. 

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 

fieneral Conditions 

The Soviet people were very open, friendly, and helpful with all inembers 
of our delegation. They are Interested In Americans and in our way of 
life. 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. 



Record of Meetings 

On July 24, 1990, the U.S. delegation leader, Mr. Thad Grundy, net 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. 

Deputy Assistant Secretary 
for Industrial Technologies 

Attachment 

cc: Gene De La Torre, IE-12 
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DOE/IE 

DAVID PUMPHREY 4/15/49 800161509 1/92 
DIRECTOR, ENERGY 
ASSESSMENTS DIVISION 
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INTERNATIONAL ECONOMIST, 
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AFFAIRS 
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CATHLEEN CAMPBELL 8/21/54 900091018 3/95 
USSR PROGRAM OFFICER, 
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phronlcle of Events 

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. 

Moscow. July 15 - Arrival and Delegation Planning Meeting 

Bureau of Fuels & Energy Corolex 

6. D. Margulov. First Deoutv Chairaan USSR Council of Ministers. 
Bureau on Fuel and Energy Complex (Head of the 
Delegation) 

Makarov. Aleksev. Director. Institute of Energy Research of the 
USSR Academy of Sciences 

V. M. Vas1lev. Deoutv Head of the Departnent USSR Council of 
Ministers. Bureau on Fuel and Energy Corolex 

Gullaev. Yurlv. Acadealcian. USSR Academy of Sciences 

Harahashvan. Felix 6.. Sector Manager. State Gas Concem 

Alekseev. A.M.. Head of Office. Astroflzlka Scientific & Industrial 
Aaalqamallan 

Bureau of Fuels k Energy Coiylex. 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 talce a "whole 
generation" for the Soviet states to achieve current western 
European living standards and substantial growth In 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 product1on(?) 

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. 

Gullaev 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. 

Harahashvan statPd that an "enterprlsp" hag hppn rio\/pl9ppH_tn 
assess the national geothermal resource base. Geothermal 
currently used for non oower aoolIcations (43% distrfcT 
heating. 45% agriculture. 10% industry. 2% power). First 
1aroe power station currently planned for Kemchatca (lOOMWe) 
Need Improved prp^pertlng mpans to Impmvp pfficlency nf 

measure-
measurement. though claim that they have fairly complete 
geothermal resource map. Would like to make resource logging 
the subject of a future bilateral^ Comments alsn nffnred ttn 
vaIuapIe byproduct components from water streams and 
difficulties 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 

Haaon. Gennedv - Deputy Minister Regional Executive Co»n. 

Wakorlakov. Vladiaer - Academician. Vice Chief. Siberian Departwent 

of Soviet Academy of Science 

Director. Institute of Theraophysics 

Karlaaov. Anotolv - Vice Chief. Novasibersk Executive Cotwlttee 
Haaon 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 v e r y 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 - v e r y unusual T 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 autononiy - ability to make decisions 
and execute plans at a regional level. 

Akadeaoorodok. Siberia. July 17 

Serant. Felix. Chief Engineer. Siberian Ministry of Energy 

Makoriakov explained that there are 35 institutes tt 
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 
low 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 Theraal Phvsics 

Working in combustion, heat exchangers and steam generators. 
Have frequent contact with Allstrom. 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) 

Zerlnsk. Siberia - July 18 

Hitiaev - 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. July 19 

Critsenko. Anatolv V. First Deputy Power and Electrification of 
Ukr SSR 

Lobaaob. Leonid M. Deputy Director, Paton Welding Institute 

Tonkal. Vladiair. E.. Director Institute of Energy Saving Problems 



Lobaaob. Leonid M. Deputy Director, Paton Welding Institute 

Tonkal. Vladiair. E.. Director Institute of Energy Saving Problems 
Academy of Sciences of the Ukraine 

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

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

Gladush. Victor P.. Deputy Prime Minister of Ukraine 

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

Trvplllvn Power Plant. July 19 

Krasnochton. Nicolv. Director. Trvplllin Power Plant 

Kolesnikov. Sergei. Director. Power Plant Operations Training 
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 

Laoanov. Leonid. Deoutv Director. Paton Institute 

Laoanov. 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. 

Moscow. July 20 

Schenlin. Director Eaeritus. Institute of High Teroerature 

V. M. Batenin. USSR Academy of Science Associate Meaber. 
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 

Ministry for Power & Electrification 

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

Diakov. Anotoli F.. Deputy Minister of Energy and Electrification 

Korobof. Leonid. Deputy Minister of Energy and Electrification 

Olkhovskv. Gurgen G.. Director, All-Union Heat Engineering 
Institute 

Davidov. Leonid. Dir General. VNPO-ENER-BOTEH-PROM 

Kurson lead off with an overview of Ministry generating 1722 
trillion KW-hrs employing 2,000,000 people and 900 people in 
the Ministry Itself. 



piakov 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 nade 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 used 
for used for both coal and gas to lower emissions. 

01khovskv all Union Heat Engineering Institute spoke of close 
relationship with EPA, Combustion Engineering, EPPI etc. 
Brochure provided on work of institute. 

Day1doff 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. Nicolv. Deoutv Director. Krzhizhanovski Institute 

Pataoov. Oleg. Head of Low Grade Fuel Power Deoartaent 

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 
oil, 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. Margulov. First Deputy Chairaan USSR Council of Ministers. 
Bureau of Fuel and Energy Coaolex (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 v e r y 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. Yuriy. Academician. Soviet Academy 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 
deyelopment 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. 

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 Acadertiy 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 

Rvabov. Lev D.. Deputy Chairaan 

Rvabov 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 

POPOV. Vladair A.. Director. Doctor. Professor and Head of 

Laboratory at Institute 

Voronkov. Mark E.. Head of Energy Conservation at Institute 

Koltun. Mark M.. Head of Photovoltaic Laboratory at Institute 
Vasilev. V.M.. Deoutv Head Council of Ministries. Bureau 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. 

Voronkov 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 
lack 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. 

Vorvarskv of the All-Union Scientific Research and Design 
Institute (VNIPIENERGOPROH) 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 Zerlnsk 
-I 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 v e r y 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 i r y 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 Zerlnsk. 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. 

July 15-25, 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 vas hosted by the Bureau of 

Fuels and Energy Complex (BFEC) of the U.S.S.R. Council of 

Ministers. The Soviet delegation 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 developments. 

In his opening remarks, Mr. Grundy conveyed greetings 

from DOE Deputy Secretary Henson Moore and Assistant 



-2-

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 delegation 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 development. 

Mr. Margulov led the presentations on the Soviet energy 

outlook and current policies. '.. iet 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 

visits and the opportunity to discuss these programs in 

greater detail. 
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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. In 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. In 

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 Hoviy Urengoy, Yamburg, and 

Tyumen to visit natural gas and oil resource oevexopment 

areas. They met with Gazprom, production associations, 

and local officials to discuss regional energy policy; gas 

exploration and development; transportation issues; oil and 

gas recovery problems; and opportunities for U.S. firms. 

From July 20-24 the U.S. delegation net vith various 

Soviet energy organizations to discuss specialized topics 
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that have potential for cooperation. These include MHD 

systems, gasification combined cycle systems, fluidized bed 

'systems, combustion, waste recovery, heat pximp research, 

enhanced oil recovery, horizontal drilling for gas, gas 

hydrates, gas recovery technologies, and emission control 

programs. Also discussed were replacement and retrofit of 

facilities with advanced technologies for combating 

pollution and improving efficiency; R&D in renewable 

programs (including solar, wind, biomass, and small hydro); 

oil 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.S. govemment 

agencies would be involved in any such consultations. In 
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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: 

1. 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. 

delegation, accompanied by Ambassador" Matlock, net with Mr. 

Lev 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 activities. 

They also noted with satisfaction the next steps for 

cooperation on non-nuclear anergy 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 

of Energy 

For the Bureau of Fuels 

and Energy Complex of 

the Council of Ministers 

of the USSR 

Thad Grundy Jr. 

Deputy Assistant Secretary 

for International Affairs 

Grant D. Margulov 

First Deputy Chairman 
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For the U.S. Department 

of Energy 

For the Bureau of Fuels 

and Energy Complex of 

the Council of Ministers 

of the USSR 
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Thad Grundy Jr. 

Deputy Assistant Secretary 

for International Affairs 

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 remarl<s 
Presentation of members of 
the delegations 

R. D. Margulov, 
First Deputy 
Chairman, 
Bureau of the USSR 
Council of Ministers 
for Fuel and Energy 

9-30 - 10-00 Discussion of the programme 
of the Visit 

Reports & presentations, answers & questions 

10-00 - 11-00 The USSR Energy programme 

Break 10 min. 

A. A. Makarov, 
Corresponding Member 
of the USSR Academy 
of Sciences, Director 
of Institute for energy 
research of the USSR 
Academy of Scienses 

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 Ministen 
for Fuel and Energy 

11-40 - 12-00 (aeothermal resources of thg 
USSR 

F.G. Harahashyan, 
State Corp. GAZPROM 

»/ I J » . 
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12-00 - 12-30 Clean coal technologies V. V. Nechaev, 
Deputy Head of 
Department for Science 
and .Technology, 
The USSR Ministry for 
Power & Electrification 

12-30 - 13-00 Plasmo-chemi cal membrane mo
dules for processing of 
hydrogen-sulpfur natural 
gases 

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

13-00 - 13-30 Creation of energy 
information system 

F. Ya Morozov, 
Director, Central Dis
patching Department of 
the United Power 
System of the USSR 
V. I. Balanchevadze, 
Director, Main Computer 
Center, 
The USSR Ministry for 
Power & Electrification 

13-30 - 15-00 Lunch time 

15-00 - 15-20 Bioelectromagnetic effect 
on human beings 

Yu. V. Guliaev, 
Academician, 
The USSR Academy of 
Sciences, Director, 
Institute of Radio-
electronics 
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15-20 - 15-40 Coal pulp pipeline G. N. Delyagin, Dr., 

Deputy Head of Office, 
GIDROTRUBOPROBOD 
Scientific & Industrial 
Amalgamation 

15-40 - 16-00 Gas hydrates 

16-00 - 16-20 Reconstruction & conversion 
of thermal power plants to 
combine steam-gas cycle 

Yu. F. Makogon, Dr. , 
Head of LalDoratory, 
Institute of oil and 
gas problems, 
The USSR Academy of 
Sciences 

V.N.Ochotin. p M * 
Chief Engineer, 
TEPLOELEKTROPROEKT 
Institute 

1^ 

16-20 - 15-40 

16-40 - 17-00 

Use of associated petro
leum gas 

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

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

0. 0. Sheremeta, ^-""^ 
Head of Office. 
The USSR Ministry for 
oil & gas industry 

Break 10 min. 

17-10 - 17-40 Use of solar energy 

17-40 - 18-30 Discussion 

A. M. Alekseev,, 
Head of Office, 
ASTROFIZIKA 
Scientific & Industrial 
Amalgamation 



To whom It may concem. 

Hereby I formally'apply for a scientific associate or scientific 
post-doctoral position or a prof essori.al fellowship at YOLU-
establishment.- I may hope that my qualification will satisfy Your 
universally known high personnel standards. Enclosed is my 
CtirriculLun Vitae . 

Sincerely Yours 

Sergei. Alexander Shapiro., Ph.D. 

July 2.1990 

Address for correspondence: 
str. Graivoronovskaia. h.18, build.2 ap.83, Moscow. U.SSR, 109513. 
Tel. : .177-13-66 . 173-11-21. 
Telefax: (7-095)-200-22-16. (7-095)-200-22-17. 

for S.A.Shapiro, individual N 002 498 
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CURRICULUM VITAE. 
S.A. Shap iro. 

Current pas i t ian: . 

— Senior scientific-research worker in All Union Research Institu
te of geological, geophysical,_and geochemical informational systems 
(VNIIGeoinformsystem> , Varshavskoe Shosse, 3, Moscow. 113105. USSR. 

Personal data: 

Name: Sax-gel A. Shapiro.. ̂ <id,re.e3: 109518, Graivoronovscaia, 13-2-83-, 
Moscow, USSR. Plctce and d a t a a f b i r t h : Kursk, USSR, 6 June 1960. 
N a t i o n a l i t y : Je-vv, G i t i z e n a h i - p : USSR W i f e : Inna Zhmo'ij'-ak So-n: Dmitriy 
Shap iro 

Research interests: 

Theory of waves propagation and scattering (in random, fractal, 
fractured, composite and porous sati-irated media); Wave phenomena co
mputer modeling; Seismology (seismic waves, scattering, attenuation, 
diffraction, seismicity, emission); Fractal and multifractal analy-, 
sis applications (fâ ilts and cracks systems, structures, rock surfa
ce forms and fragmentation); Seismic, VSP, and logging data proces
sing, cross-hole tomography, migration; Acou.stics (waves in bore ho
les, Lmderwater and marine sediment acoi.istics, non destn.ictive tes-
sting, medical ultrasonics); Geophysics for civil engineering. 

Major Aocomplishment: 

The theory of the connection bet7/een statistical moments of the 
random field and the wave attenuation coefficient values, mea.si-u-ed 
in the seismology and acoustics, was develoji'ed. Fo.r the first time' 
the fact of the reducing of the apparent attenuation of the direct 
seismic waves in random media, when the waves transfer from the 
weak flvuctuation region to the strong fluctuation region, was sho".'/n 
77ith the use of this theory and ei:perlmentally.. Some new methods of 
the separa'tion of the elastic energy scattering and absorption cha
racteristics of geological media were proposed. These theory aiid me
thods have Seen applied to cross-hole computer tom.ography, and they 
wei-e included in the some methodical m.anuals for hole to hole SOLUI-
ding of some research institutes of USSR (VNIIgeoinformsystem, VNII 
Nuclear geophysics and geochemistry, and their branches, Moscow). 

The -theoi-y of the elastic wave propagation, scattering and emis
sion in the fr-actal medium, such -as the m.ediLun with the di.scrste ra
ndom inclus.ions distributed bj'' their characteristic .size by the pc>-
wer law or with the fi^actal inliomogene.ities, was developed. It was 
applied to the explanation of the seismic w-aves attenuation coeffi
cients dependences from the fj^equency, and fault systems fractal 
di-'nensions estim.ation. 

So.me new -analytical results on the modes of wave snotion in the 
thin fracti-ire filled with a viscous fluid; on the elastic wave sca
ttering cross section of the disk with, any orientation and the sha
pe likes a penny; on the acoustic pulse scattering by a rough svir-
face and the- pulse evolution in an anelastic media were obtained. 
. The method of the refraction seismic data computer interpretation 

on the basis of the seismic drift evaluation was developed and inc
luded in the methodical mantials for the geophysics for civil engi
neering (Moscow University, Geological Department). 

o 



P e r s o n a l -p'hi losophy on t h e s t a t i s t i c a l model a p p l i c a t i o n i n geo-ph-y-

s i c s 

The deterministic approach to direct and Inverse problems of geo
physics is highly developed and comjnon today. The structiu'es of geo
logical objects (such.as faults, pores systems, karst, plutonic bo
dies, hj^'irocarbon natLO'al reservoir's, geosi-irf aces) and geological 
px^ocesses (such as earthquakes, emission, filtration) have -a random 
character. I'm interested in the kind of statistical characteristics 
they can have; in the kind of information on the objects oine can get 
from inverse statistical geophysical problem solving; and in the fe-
atuires of geophysical fields (wave and potential) in the statistical 
models (especially fractal like). 

E d u c a t i o n : 

VNIIGeoinformsystem, USSR, 1987, "Candidate Phys.-Math.Sci. 
VNIIGeoinformsystem, USSR. 1986, Geophysics. 
Moscow University, Geological Department, USSR: 1982., Diploma in 
Geophysical methods of mineral research and prospecting. Speciali
zation in Seismology; 1980-Prediploma in Geology. 
Moscow University.USSR:1980,Prediplomas in Physics, in Mathematics. 
Moscow University, Geological Department, USSR, 1980, Begin of stu
dy in Geoph7sics. Moscow University, US.3R, 1978: Begin of study in 
Physics and 1977-Begin of study in Mathematics. Moscow-University, 
Geological Department, USSR, 1977_ Begin of stut:Jy in Geology. 
School (public and high school) in Kursk, USSR, 1967-1977 

P o s t g r a d u a t e p r o f e s s i o n a l e d u c a t i o n : 

6/90 Coi.u-'ses of programming on the "C'languiage. U.SA-U3SR 
•Joint Veri.t-uu:-e "Dialog" (Microsoft Coi-poration repre
sentative ), Center on the .base of Moscow Sngineeririg 
Ph7/-sioal Instit-ate, Moscow. 

4./86 - 4./90 All Union School for Young Scientists "Urgent 
Problems of Geoph7/-sics" , Institute of the Earth 
Physics of Academy/ of Sciences of USSR, Susdal, 
Svenigorod, Rostov, Pereslavl Salesski. 

10/89 Intemational Sj-Tnposia, Geodesy - .Seismology: De
formations and prognosis. Erevan. Armenia, U.S.S.R. 

12/S9 All Union .SjTnposi-a "Non traditional methods of the 
geophysical research C'f inliom.ogeneities in the 
Earth's core." Institute of Bax-th Physics of Ac-a-
demj^ of .Sciences of USSR, Zvenigorod. 

10/86 Bi.ilgarian School for Yoi.ing Scientists "New geo-
logic.al and geophysical technologies.", Varna. 

5/8-5 All Unio'n Geoac-ous tical Sympos ici. All Union Rese
arch Institiite of N-aclear Geophj^sios and Geoche
rn 1sZTy, Mo s cow. 

6/83 • All Union Acoustic Conference, Acoustic al Insti
tute of Academy of .Sciences of USSR, Moscow. 

P r o f e s s i o n a l • Exper i-e-nce : 

s i n c e .Ja>iuary 1989 S e n i o r s c i e n t i f i c - r e s e a r c h worke r a t 
VNIIGeoinformsys tem, Moscow, USSR. 

1987-1989 - - S c i e n t i f i c - r e s e a r c h worke r a t VNIIGeoinformsys tem, 
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Moscow, USSR. 
1986-1937 - -Junior scientific-research worker -at VNIIGeoinf ormsys

tem. Moscow. USSR. 
1982-1986 - Engineer and .JLinior scientific-reseai'ch worker at All 
Union Research Institute of Nuclear G-eophysics and Geochemistry, 
Moscow, USSR. 

Co-u-rses t a u g h t : 

at the Moscow University: Electro- , Gravit-ational- . Magneto- , Nuclear-
Seismic- methods of prospecting; Physics of Earth; Gener-al Physics; 
Mechanics of continui.im medium; Field theory; Radio-, Electro-ingene-
ering; Mathematical analysis; Analytical geometry; Linear .algebra; 
Complection function analysis; Theory of probability and m.athem.ati-
cal statistics; Numerical methods;'Differential equations. Equati
ons of m.athematical physics; General-.Historical- and USSR Geology. 

Teac h i-ng ac t i v i t i e s : 

6/34- - 2/88 Cycle of the lectures at the seminar of Yoijng 
Scientists at the Geological Department of Mos
cow University. Theme was "Scattering and atte- • 
nuation of seismic wa%''es" . 

4/83 - Present Regi.ilar lectures at the semin.a.rs of VNIIGeoin-
formsystem, Moscow. Theme are "Fract-al analysis 
in geophysics"; "Pulse evolution in anelastic 
media"; "Method of seismic data inversion". 

5/39 ,"11/39 Lectuo-es at the International Institute of The
ory of Earthquake Prognosis and Mathematical Ge
ophysics Ac-ad .Sci USSR at the seminar of prof .A. 
Levshin, the them-e was "Seismic wave -attenuation 
in the weak and strong f iuct-aat.lon region" , and 
at the seminar of prof. V.B.Pis-ar-enco, the the.me 
was "Wave scattering by xract-al fault s y s t e m s " . 

Ad-visor f'Or g-rad.-uate s t u d e n t s : 

Svetl-ana Bidikliova, Geological department of Mosco"vv University. , 
Theme is "Cluster analysis appiicatio-n to the hole to hole soi.mding 
data processing" (39-90). 

P r o f e s s i o-na I ao t i -u i t i e s : 

Membersh i -p : Ph7/sics Society of USSR; L a n , g u a g e s : ' R ussi-an - mother 
tongue, English - good; French - poor. Comp-u-t in-g e x p e r i-e-nce: 
KViowledge of Basic, Fortr-an, G. Experience of work -.vith PC IBM -and 
PDP compatible computers. 

PUBLICATIONS of S.A. SHAPIRO. 
1 .Li.akiiovitskiy,F.M. ,Popov.A.I. and .Shapiro., S . A. , 1 982 ,Possibilities 

of refraction seismic stirvey application to tlie study of the 
-deep seated karst. In "Abstracts of ! I I All Linion karst-speleo-
logical conference. 1-3 October 1982." Yalta, pp.112.(in Rus
sian) . • 

2 .Shapiro .S .A. . 1 982 . The engineer seismic refr-action data computer 
interpret-ation (o-n the exemple of the works in the Moscow ri
ver valley). Diploma's thesis. Moscow University, Geological 
department, 70 pp. (in Russian). 

3 . Li-aklio v i t s k i y , F . M. , Shap i r o , S . A. and Gvire v i c h .B.Y. , 1 983 . The new 



algoritlims of the machine processing of the engineer seismic 
refraction data. In "Geophysical methods in the hyidr-ogeology 
and engineer geology." Vilnius, 28-29. (in Russian). 

4-.Liakl-i.ovitskiy .P .M. and Shapiro , S . A ., 1 984 , Interpretation of refrac
tion data on the basis of automated evaluation of the seismic 
drift. Izvestiya Acad.Sci.,USSR, Physics of the solid Earth, 
(English edition published november 1984 by American Geophysi
cal Union and Geological Society of America). 20: 269-276 

S.Faysullin, I.S. and Shapiro, .S.A., 1985, Some propei-ties of the 
incli.ision scattering amplitudes and cross sections in solid 
media. Institute of nuclear geophysics and geochemistry, Mos
cow, Deponent in VINITI 2,07.85, No 326-85, 9 pp.(in Russian). 

6.Fayzullin, I.S. and Shapiro, S.A., 1985, The featujres of elastic 
waves .scattering "Dy low contrast inhomogeneities. Institute of 
nuclear geophysics and geochemistry, Moscow, Deponent in 
VINITI 2.07.85, No 5712-85, 16 pp. (in Russian). 

7.Fayzullin, I.S. and Shapiro. S.A.,1985, On the possibility of the 
use of the mediiom model with di-screte inhomogenei-ties for the 
explanation of the wave attenuation in rocks. Institute of nu
clear geophysics and geochemistry, Moscow, Deponent in VINITI 
2.07.85, No 700-B.85, 3 pp.. (in Russian). 

8 . Lopatnikov, S . L. , Fayzullin, I. S . a-nd Shapiro, .3 . A. ,1 935 , Nonxinif orm 
w-aves in space, divided h y a thin frac-txire filled with -a vi
scous fluid. Izvestiya Acad.Sci..USSR. Physics of the solid 
Earth, (English edition published January 1986 by Americ-an Ge
ophysical Union and Geological Society of Americ-a ) , 21 : 425-429 

9.Fayzullin, I..S. and Shapiro, -S.A., 1986, On the seismic wave atte
nuation dependence from soLirce-receiver distance length in the 
hole to hole soLmdirig. , Institute of nuclear geophysics 
and geochemistry. Mo.scow, Deponent in VINITI, No -3198-8.86, 18 
pp. (in Russian). 

10.Shapiro, S.A.,1986, The method's application to the coal geophy
sics. 7 part in "The hole to hole sotindi'ng" of K-arus, E.V., 
Ku-snetsov, O.L., F-ayzuilin. I.S., Mos.cow, Nedra, 134 - 139. 
(in Russian). 

1 1 . S"tiapiro , .3,. A. , 1 986 , On the rock investig-ation by the seismo--acous-
tic methods, like media with el-astic power discrete sc-atterei^s. 
In "The' development of tne mineral rse-arch and prospecting ge
ophysical methods'.", VNIIgeophysic-a, Moscow, pp.55 (in Russian) 

12 .Smirnov. A.V. , MisinaiL,G, and Shapiro. S.A., 1936', Tube v.'ave at
tenuation in the cased and open holes.. Institute of nuclear 
-geophysics and geochemistry, Moscow, Deponent in VINITI, No 
3199-B.86, 4 pp. (in Russian). 

13.Shapiro.S.A. and Fayzullin,I.S,1936,Attenuation of seismic waves 
in rocks viewed as discrete sc-atteririg m^edia. Izvestiya Acad. 
Sci.,USSR, Physics of the solid Earth, (English edition publi
shed april 1987 by American Geophysical Union and Geologicai 
Society of America), 22: 736-741. 

14.Fayzullin, I.S. and Shapiro, S.A.,1987, Elastic wave scattering 
by low contr^ast iniiom.ogeneities. In "Mineral research an-d pro
specting hole geoacoustics . " "VNIIGeoinf orm.system, Moscow ,-3-1 2 . 
(in Russian). 

15 .F-ayzullin, I.S. and Shapiro, S . A. , 1 9-87 , Elastic waves attenuation 
in rocks, caused by the scattering on discrete inhomogeneities. 
Doclady Acad.Nai.ik SSSR., 295: 341-344. (in Rxis-sian) . 

16.-Shapiro, S.A., 1987, Elastic w-aves propagation in rocks" with dis-
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Crete inhomogeneities (in application to the hole to hole soun
ding). Avtoreferat of phys.-math.sci.candidate dissertation, 
VNIIGeoinformsystem, Moscow, 22 pp. (in Russian). 

17.Shapiro, S.A.,1987, Elastic waves propagation in rocks with dis
crete inhomogeneities (in application to hole to hole sotun.-" 
ding). Phys.-math. sci. candidate Dissertation, VNIIGeoinfortri-
s y s t e m , Moscow, 139 pp. (in Russian). 

18. Shap iro, S. A., 1987, On seismic -.Nave propagation in roc'Ks as in 
random-media with discrete scatterers modelling. In "Modern ' 
geophisical resaerch. part 2." Moscow, Institute of Earth Phy
sics of Acad.Sci.U.S.S.R., 37-100.(in Russian). 

1 9.Fayzullin, I .S . and .Shapiro , S .A-. , 1988, .Scattering and' the depen-
. dence of seismic wave attenuation on the length of the obser
vation base, |-: Elements of a theory. Izv. Acad. Sci.,USSR, 
Physics of the solid Earth, (English edition published sept. 
1988 by American Geophysical Union), v.24, No 2, 103-110. 

20.Fayzullin,I.S., Shapiro,S.A., and Tsyplakov V.I., 19881 Scatte
ring and dependence of seismic wave attenuation on observation 
base length. I I :Experimental results., ibid. v.24,No 4,261-265. 

21.Fayzullin,I.S., and Shapiro,S.A., 1988, Features of seismic wa
ves attenuation in randomly inhomogeneous media. Docladj'' Akad. 
NaLik SSSR . , 302 : 1 073-1 077 . ( in Russian) . 

22.Fayzullin,I.S., and Shapiro,S.A.. 1989. Attenuation of seismic 
v/aves and the fractal nattire of- lithospheric inhomogeneities. 
Izv. Akad. Nauk SSSR, .Fizica Zemli, No 10: 43-49 (in Russian). 

23.Fayzullin,I.S., Shapiro,S.A. and Zyrianov,V.B.. 1989, The Hole 
to hole sovinding on the seismic waves attenuation perspectives 
of devel'opment. , Preprint 2-39. "VNIIGeoinf ormsystem. Mosc-ov/. 
10 pp. (in Rujssian) . 

24 . Shapiro . S . A ., 1989, Seis.mic wave scattering b7/ the fractal irJiomo-
geneities of the lithosphere. In 'the "Geophysics urgent prob
lems", Mosco-vv, Institute of Ear^th Physics of Acad.Sc.i . U. S . S .R. . 
156-166.(in Russian). 

, and Parysulli-ril. S. , 19-39, Fractal properties of fo-
by bod;/ selsm.ic waves scatterin.g. In "CTeodes7v̂  - .Sei-
Deformations and prognosis. International Symposium. 
S.S.R.. 2-6 October. 19S9, Abstracts.". Moscow, 

, .a-nd F'.a7/zullin I. S . , 1 989 , Bo'iy seismic wave scatte-
rin,g by isolated fractal ob.jects. In "Won traditional methods 
of the geophj/sical research of iniiomogeneities in the Earth 
core." Moscow, Institute of Eai-'th Physics of Acad..Sci. U.S..3.P.. 
1S9-190. (in Russian). 

27 ..Shapiro , .S .A ., 1 990, Fr-actal order of the seismic powei- scatterers 
in the lithosphere. In "Geological, geophysical and geocherriical 
informational s y s - t ems . " VNIIGeoinf ormsystem, 28--33(in Russian). 

2-S. Shap iro, S.A., Fayzullin, I.S. 1990, Fractal properties of fault 
systems b;-?- scattering of "body seismic waves. Submitted in "Te
ctonophysics", 10 pp. 

29. Shap iro, S.A. 1990 T'ne problems of seismic waves propagation and 
s.cattering in fractal media. Abstracts-of the 18-th Intex-'nati-
onal Confex-ence on Mathematical Geoph7>rsics , June 1990, Weismann 
Institxite of Science , Israel, "Terx-a Cognita" (in px-̂ ess ) . • " 

30 . Sado-vnichaia, A . P . , . Gxirevich, B . Y. , Lopatnicov S . L. , Shapiro , 3 . A 
1990 Wave field integral i'e pre sent a tions ih the bit homog-eneoxis 
pox-ous mediujTi. Izv. Akad. Naxxk SSSR, Fizica Zemli (in press). 
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M e t h o d i c a l m a n u a l s : 

1 . Methodical m.anxials on the seismoacoxistical noise in bore holes 
investigation. 1 933 , ("VNII Nuclear geophysics and geochemistry): 
1988,(VNIIGeoinformsystem.) 

2. Methodical manuals o-n. the hole to hole soxinding, 1985 C/NII 
Nuclear geophysics and geochemistry);1988.(VNIIGeoinformsystem.) 

3. Methodical manxial o-n seismic refraction application to civil 
engineering. 1982 (Moscow University.) 

P.eal a p p l i c a t i o n : 

The methods and computer programs have been applied to the investi
gation of the polimetallic ore bodies in the Uzbekistan and Ukraine 
and the foundations of the objects of civil engineering in Moscow. 

Pe-rspeo t i-ue r e s e a r c h p l a n s : 

I'd li-ke to continxie the i-̂ eseai-'ch in the theory and compxiter mo
del In-g of the •\wave propagation, scattex-̂ in.g and emission in random 
and fractal m.edia; 
-in the processing of the seismic and seismicity data for the scat
tering and absorb irig px-operi:ies -and statistical and stri-icture cha-
x-'ac teris tics of media and of ear-nhqi-iakes investigation; 
-in the fractal and mxiltifx-'act.al analysis applications to the geo
logical O"Djects and processes investigation. 

I intend to stax-̂ t the research in the invex-'se statistical 
geophysical problem solvi-ng; 
- in the investigation of featLires of geophj/sical potential fields 
in statistical and fx-,act.al models; 
- in the application of the x-andom wave fie.ld theory to the waves 
in bore hole.?, xmdex-'wate.r and ma.-L"ine sediment -acoustics, -non dest-
rxictive testing, and medical -oltrasonics. 

I intend to v.rrite -a boc'k on the seismic waves in random, m.edia, 
t" in In mv- Ph.D . fixes is . 

S. .Sh-apii-o 
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STANFORD UNIVERSITY 
Department of Civil Engineering 

Terman Engineering Center 
Stanford, California 94305-4020 

Telex 348402 STANFRD STNU 
Fax 415-725-8662 

Soviet-American Monograph "on Geothermal Energy 

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

Subject: Initiation of the Monograph i 

Date: 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 
have had difficulty in finding external research participants and 
sources of external funding for the joint projects. Since 
Stanford will not support the initial expenses necessary to 
generate the Agreement program and a draft 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 with 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. In 
fact, it was considered better to have the Monograph be prepared 
by individual experts in geothermal 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. On response to our letter, we would hope to start 
correspondence between 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 



STANFORD UNIVERSITY 
Department of Civil Engineering 

Terman Engineering Center 
Stanford, California 94305-4020 

Telex 348402 STANFRD STNU 
Fax 415-725-8662 

30 March 1990 

Prof. Yuri D. Dyadkin 
Leningrad Mining Institute 
21st Linia - No.2 
Leningrad 199026, USSR 

Dear Yuri: 

Your package arrived this week with your New Year card and 
the beautiful book on the Leningrad Mining Institute. It brought 
"oack many pleasant memories. Did you receive the book on the San 
Francisco earthquake? 

We have 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, except that we will continue the 
Soviet-American Monograph on Geothermal Energy and hope that 
conditions improve in the near future. As I wrote you 
previously, I will try to move the Agreement to another 
institution in California. 

I enclose the 3 volume lists of the 26 American authors who 
have agreed to work with a Soviet co-author for preparing the 26 
Chapters of the Monograph. .̂ Iso enclosed is a Draft of a generic 
Outline which could 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 
Outline. We anticipate that each pair of co-authors would, by 
correspondence, prepare a specific Outline for their Chapter. 

We look forward to our continued collaboration. 

With the very best wishes, 

cc: P. Muffler, Edi., Vol. 1 
H. Murphy, Edi., Vol. 2 
J. Lund, Edi., Vol. 3 
all American Co-Authors 

Paul Kruger 



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 
USSR S 
World * 

IV. Future Expectations * 

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 

ChajJter Authors 

1.1 Nature of Geothermal Energy 
USSR: 
USA: Wendell A. Duffield (USGS) 

1.2 Heat Flow Distribution and Geothermal Anomalies 
USSR: 
USA: David D. Blackwell (SMU) 

1.3 Resource Base and Resource by Type 
USSR: 
USA: L. J. Patrick Muffler (USGS) 

1.4 Exploration Geosciences (geology,geophysics,geochemistry 1 
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 E x t r a c t i o n 

Voliune E d i t o r s 
E. Boguslavsky, Leningrad Mining Institute 
H. Murphy, Los Alamos National Laboratory 

Chapter Authors 

2.1 Characteristics of Geothennal Reservoirs 
USSR: 
USA: Paul Kruger (SGP) 

2.2 Drilling and Completion of Geothennal 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 Home (SGP) 

2.6 Stimulation 
USSR: 
USA: Ralph Veatch (Amoco) 

2.7 Artificial Geothennal 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 Voltimes 
1992 

(3:0 March 90) 

Volume 3 utilizatjpn 

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: 
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 I. 
USA: Richard cambell (Ben Holt Co.) 

3.4 Binary conversion Cycles 
USSR: 
USA: Kenneth E. Nichpis (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 
USSR: 
USA: Dennis T. Trexler (+ T. Flynn) (Univ Nevada,LV) 

3.9 Agricultural and Aquacultural Heat Supply 
USSR: 
USA: Rudi Schoenmackers (New Mexico St. Univ) 

3.10 Thermal Water Balneology 
USSR: 
USA: John W. Lund (Geo-Heat center, OIT) 

3.11 Environmental Aspects of Gepthermal Power Engineering 
USSR: 
USA: Dwight L. Carey (Environ. Mangmt. Assoc, inc) 



STANFORD UNT VFR SITY Xerman Engineering center 
CF 1 I \ i \ r \^1\LJ ^ I M V E1V:311 I Stanford, California 94305-4020 
Department of Civil Engineering leiex 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 pviblication 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 

Paul 

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) 

1.1 Nature of Geothermal Energy 
1.2 Heat Flow Distribution and Geothermal Anomalies 
1.3 Resource Base and Resources by Type 
1.4 Exploration Geosciences (Geology, Geophysics, Geochemistry) 
1.5 Prospect Evauation 

Volume 2. Extraction (Volume Editors: E. Boguslavsky, H. Murphy) 

2.1 Characteristics of Geothermal Reservoirs 
2.2 Drilling and Completion of Geothermal Wells 
2.3 Well and Reservoir Testing 
2.4 Reservoir Diagnostics 
2.5 Reinjection 
2.6 Stimulation 
2.7 Artificial Circulation Systems 
2.8 Heat and Mass Transfer Processes in Geothermal Systems 
2.9 Management and Economics of Geothermal Fields 
2.10 Potential for Magmatic Heat Extraction 

Volume 3. Utilization (Volume Editors: G. Gaidarov, J. Lund) 

3.1 Spheres of Utilization 
3.2 Thermodynamics of Conversion Processes 
3.3 Electric Power Plants and Steam Cycles 
3.4 Binary Conversion Cycles 
3.5 AdvcUiced Conversion Cycles 
3.6 Basic Direct Heat Technology 
3.7 Municipal Heat Supply Systems 
3.8 Industrial Heat and Mineral Extraction 
3.9 Agricultural and Aquacultural Heat Supply 
3.10 Thermal Water Balneology 
3.11 Environmental Aspects of Geothermal Power Engineering 
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Disposi t ion: 

SUBC-3ESTED OUTLINE AND CONTENTS 

1.4 EXPLORATION GEOSCIENCES 

INTRODUCTION 

1 ^ Objective o-f Chapter. 
To review application o-f geological, geochemical, and 

geophysical techniques to -regional exploration for 
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1.3. HayHHHG OCHOBH pasBeflKH 

(reojiorHH, reo(|)H3HKa, reoxuMHH) 

JJjm paii;HOHajiLHot opraHHsaiiHH HOHCKOB H passeniKH MecTopo^eHHii 

TepMaJiLHHx BOfl H HaporHjipoTepM Ha npeflnoHci-coBofi (rrporHosHot) cTa^HH, 

a TaKsie I noflCTaflHK odmnx iioHCKOB eme flo na^qajia dypennH HeodxojiHMo 

npoBecTH B HCGJiejiyeMOM pafione KOMnjieKc reojiorH'q:ecKHx, reo(|)H3H^ec-

KHX H rnjiporeoxHMHHecKHX HccJieflOBaHut, KOTopHe nosBOJiHT cocTaeHTB 

odmee upeflCTaBJieHHe o najijrqHH (HJIH oTcyTCTBHn) ^acTo HenpoHBJieHHHX 

Ha noBepxHocTH reoTepMajEbHHx pecypcoB, HX odteMe, Ka^ecTse H Ten-

jioBOM noTeHDjiajie. TaKSJe HccjieflOBaHHH nosBOJmioT ysce na npeflBapH-

TejiLHOM 3Tane pa3Bejj,K-H rHiapoTepiviajEbHHx cucTeM, onpeji,ejmTL naiidojiee 

nepcneKTHBHHe y îacTKH p,o6E.m/i TenjioHocHTejiH H HOMO^L B dojiee npa-

BHJiLHOM BHdope MecT sajioseHHH dypoBHX CKBamHH. 

^ 3 . 2 . l b I . 3 . i . reoJiorHqecKHe npeflnoctuiKH noHCKa JleoHOB B.JI. 

reoTepMajiBHHx MecToposweHHt 

PaccMaTpHBas reoJiorH^ecKire: ycjioBHH npoHBJieHHH rHflpoTepMajiLHoi 

fleHTeJILHOCTH, OCTaHOBHMCH Ha TpeX BOirpOCaX, KOTOpHe MOryT dHTB 

BaacHH npn HsyneHHH jm6ux reoTepMajiLHHX MecToposcfleHHt B jnodot To^nce 

seMHoro mapa. Epeame Bcero 9TO THiiiisamiH reoTepMaJiLHHX pailoHOB. 

Ona nosBOJLHGT cocTaeHTL odmee npejiiCTaBJieHHe o MecTopojKfleHHH eme 

JIO Ha^ajia ero passeffKH, cjnejiaTL 3aKjno^eHHe o ero nepcneKTHBHocTH 

H B03M0KE-I0H flJfflTeJILHOCTH CymeCTBOBaHHH B HeM THJipOTepMaJILHOt aKTHB-

HocTH. C fflpyroH cTopoHti, 3T0 oiiBHKa pacnojios^eHHH H BospacTa perHO-

HajELHHx reojiorHqeGKHX CTpyKTyp, oirpeflejieHPie saKOHOMepHocTGH HX 

pasBHTHfl. TaKaa 0D;eHKa nosBOJiaeT yjce na iipeflBapHTejiLHOM STane 

pasBeflKH TeppHTopHH onpeflejiHTL nandojiee nepcneKTHBHHe pafloHH, a 

B npeflejiax KOHKpeTHHx reoTepMajiBHtix nojiefi - onpejtejmTB y^iacTKH, rfle 

MoryT dHTL BCKpbiTH HaH(5oJiee npoAyKTHBHHe 30HH. Haî oHeii;, TpeiHt 

Bonpoc, - 3T0 BosMOJimocTB HepeopHeHTHpoBKH Manvio- H $jnoHflorrpoBOfla-

mnx KanajioB c rjiydHHoli. IIpH pa3Bej];Ke reoTepMajiBHHx MecTopojKfleHHS 

y 



JeoHOB B.JIi 

HHClHTyT BymiamiJiovE^/^O Ali CCCP 

u.i\rEQjioimEciaffi; npî moctinKK noi 
rEOTEHMJEBHbK flECTOPOmii/I 

PaccMaTpHBaH- BeojiorHHecKHG yojio^im- npoaEJieHns rnjipo^p£iajiir-
oii j^eaTejiLHocTH, t ^ H - ^ c 9 S ^ ocjedHOBHHca Ha Tpex Bonpoc^, KO-
opHe MoryT (JHTB B w m npa H^^eHUH joodtix reoiepMajiLHHX MOCTO-

(pos^ztenat B jnodot TOTOJ 3eB^^6ro mapa. I^e^ne Bcero a TO TunHsaiiHH 
reoTepyiajiBHHx p a t o H O B . \ ^ nosBOJiaeT cocTaBHTB oc5mee npe^ncTasJie-
Hse 0 MecTopoayiieHHH eae AP Haqajia ero pasBejj^H, c.neJiaTB aaiuno^-
HHe 0 ero nepcneKTH^ocTiaXlzl BOSMoritHoI fljiHTeJiBHOCTH cymecTBOBaHm 

H0M rE.î )0TepMaH£H0i'i aKTEBBOOTHf^^^^^ t̂m'iiOiyi Liumi^nu IIOnpOJTDJteH 
^BiJ^na noEopjm^TFi reoTepMa,7iLhp&-#QoypG0ii?« C jipyroa CTopoHH, 3T0 
oi];eHi^ pacmx£oKeHEii E BO3pacTa\)0rHOHajLbHHX reojioriiraecKEx CTpyK^ 
Typ, o^sz(ejieHH0 saKOHOMepHocTeiiNHx pasBHTna. TaKaa oijeHKa nos -
BOJiaeT/we na npe.nBapHTejiLHOM siams. pasBejpca TGPPHTOPHH onpe.i^0-
jiETi/HaHdo^nee nepcneKTHBHHe paii0HH,\ B npeaejiax KOHKperaex reo 
ppiiajiLHHx nojiet - onpe;;ejraTB yqacTKH\r.ne p^oryT (3HT£ BCKPHTH 

Handojiee npo.OTTHBHHe 30HH. HaKOHei;, TpeffHH sonpoc^ im KoaopoM 
[!Sfe--^a"-sOT!g3ioc \̂oeTaHOE]i3TECĵ  STO BOSMOSIWJTB nepeopHeHTHpoBKH 
MarMO- H ^jiiDRitonpsffiOflgipxjcaiiajnB n r.TT̂ rrjpmfvli, TTpM paRpaTT.Kfl VP.Q^ 
TepMajE&HHX MecTopoaaeHEHTsHaHHe 3THX aBJiGHnii TaKJse MOJEGT OKasaTB-

'OH O^eHB nOJieSHHM^E gQMQTIL D 6OJLQQ UpQB'gj&llO'J J2U60^Q ffeCT 3>̂ ,T[n̂  

CymecTByDmHe noiiHTKH iipoBe.neHHa THnnaamiE reoT0pr,3ajiBHtDc pa^o-
HOB na ocHose |̂ g9J«ĝ fflaH£gggeoTepivEiJiLiii3x paioHQB- iia-^eeH^Be^TeKTo-
HHiOT lunaT c BH.nGJieHHeM reoTepMajiLHHX paiOHOB^ pacnojioscGHHux E 
30Hax cnptMuaHra,' sonax oydjjyKHHH a B npejiejiax BHyTpBiiJinTH£!X ano-
MajiHH [20,- 23 H J^p.l, -TSBfsrmiQ KBE&'SCE, He coBceM yjtaqHwifcorjiac-
HO 3THM KJiacCH$HKai5HaM K OJlHORiy THIiy Pffll flOJISHH OTHOCHTB ifieJMOyC-

TOH E PaBatH (BHyTpHEJiHTHHe aHOMaJiBH), HO OHH cosepmeHHO He no-
xosH HH no cocTaBy cJiaraiomHx nx nopo.n., HE no cKopocTH npoTeKam-
mBx B HHx Piiar?jaTH^ecKHx npoi^eccoB, HH no THny lenjiOBoro HHTaHEH. 
npHypoqeHHHx K HHP̂  rH.i;poTepMajn)HHx CHCTeM. ByjncaHH^ecKHe H r e o -
TepMaJiLHHe paioHH KaivraaTKH, KOTopaa corjiacHO 3THC4 KnaccEcpHKa-



- fl- . 

mma OTHOCHTCH K aonaM cydjiyKipiH Bpan JIH MoryT conocTaBJiETBCfl: 
c noflodHHME paaoHaME AEP, IQaHOii MepEKE HJIH UeHTpajiBHO-ArjiepH-
KaHCKHX CTpaH, KOTOpHe TaKEe OTHOCHTCa K 30HaM cydjtyKECHH. B K a ^ 

^eoTBe npHMepa MOJKHO CpaBHHTB ECTOpniO paSBHTHH KaJIBJiepHHX KORin-

JiGKCOB ATETJiaH B PeaTeMajie [ 21] H Kapuf^cKoro nenipa Ha KaMqaTKe 
[ 3 ] . Ji;m nepBoro ycTanoBJieHO TPH uBKJia KajEbjiepoodpasoBaHEH c 
BospacTOM (Mjra.jieT): I 4 - I I , 10-8 H I - O ; JÎ HK BToporo - raecTB 
ilHKJiOB c BOspaoTOM (niJiH.JieT),* 2 , 0 , 8 , 0,18 - 0,14, 0 ,11-0 ,08 , 
0,015 H 0,008. FtoffiHO npEBecTH H .BpyrHG npHMepn - Boe OHH CBEHG-

TejiBCTByDT 0 TOM, ^TO CKopocTB HpoTeKaHHH MarMa TH^ecKHx npoiieo-
coB B 3THX patoHax cymecTEeHHO oTjmHaeTca H HTO reoTepMaJiBHHe 
patOHH B HHX TaKSCe flOJffiHH HMeTB OTJIH^OIH. Ha 3T0 OdpaTEJI BHHMa-

HHe TaKse M.EeliKep LlO] , KOTOPHH cpasHEJi pasBHTHe OJIOSHHX KajiL-
jiepHux î eHTpoB DieHTpajiLHHX AHU,- HTo-sanajia CIUA H MeKCBKH, o ojir 
HOH cTopoHHj H HnoHHH^ IfeflOHesHH H HoBOH SejiaHiiEH, c j^pyroH 
CTopoHH. OH npHraeji K BHBOjiy, ^TO i^nepsHx, pasBHTBe npoHcxo^HT 
sa cqeT Majioro qncjia BwdpoooB, B OCHOBHOM HTHEMdpETOB, a BO;̂ ^ 

BTopHx, B pesyjiBTase dojiBinoro ^mojia OTHOCHTejiBHO MejiKHx HsBep-
SeHBt KaK JiaS,. l aK H irapOKJiaGTEKHr H qTO 3TH OTJnaraHE CBHSaHH, 

nO-BH^HMOfiOr, C MOmHOCTLE) SeMHOt KOptJ. 3 T 0 T BHBOfl MHe Kasm^QE 

OqeHL BaSHHM - HMeHHO MOIIjHOCTB serfflOfi KOPH flOJISHa JiesaTB B OCHO-

Be TBiiH3aD3aH reoTepMajiBHHx patoHOB. nonsTKa npoBe,iieHHH TaKOi 
THnHsartEH npe.iiCTaBJieHa B Tadjoniie I , BsjiejieHO Tpn inna reoTep-
r.iajiBHHx paiiOHOB, CBasaHHHX, cooTBeTCTBeHHo, c OKeaHH^ecKofi, 
nepexoflHOM H KOHTHHenTajiLHoa sef^mot Kopot, Pasjaa^ma B-ieswy HEMH 

B nepHOflH^ocTH rjiaBHHx spynTHBHHx ipjKJioB,B cocTase npciiyKTOB 
Byjn^HH^GCKOM J^eHTeJIBHOOTH H, OCOdeHHO, B JVIHTeJIBHOCTH $ 3 3 THU-

pOTepMaJIBHEfi aKTHBHOCTH, HO HMeHmEMCff JiaHHHM, OHeHB dOJIB!IlH0. B 

TO KG BperiJi npspofla ne xo^eT nofl̂ Hi-JHTBCH H 3TO2 KJiaccH|)HKaitHH. 
TaK, jmniB ycjioBHO MOSHO OTHGCTH KO BTopoMy THny reoTepMaJitHHe 
paSoHH 30HH Tayno B HOBOM 3QJiaH,itHH. Ho oocTaBy npojiyKTOB, aziH-
TejiBHOCTH $a3 rnnpoTepMajiBHoa aKTHBHocTH H no pfl3iy APyrEx r e o -
JzornqecKHx xapaKTepncTEK 3TH paMoHH dJiHiae K TpeTLGMy iany . He-
.iiaBHo dHJio npoBe.iieHO cpaBHeHHe SOHH Tayno c paaoHOM i/iejMoycTOHa 
B cniA [ 3 0 ] H noKaaaHO,. ^TO OHH HMGIOT m o r o odmero. Ho npn dJiHS-
KHx pa3Mepax, odT>eMax ByjiKaHH^ecKHx nopo^, cKopocTE nocTynJieHHH 
MarMH, 30Ha Tayno OTJnaqaeTca OT iiejuioycTOHa dojiee KOPOTKBMH 

MarMaTĤ ecKHUdH î HKJiaMH, oTcyTCTBHeM pesypreHUHH, dojiee MOJiô not 
pa3.^pOdJI0HHOH KOpoi.- 3 T H yCJIOBHH: npenHTCTByioT $OpMHpOBaHEI0 
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flocTaTo^o iq^ynHHx MarrjaTHHecKHX KaMep na BepxaeKopoBOM ypoBHe 
E He npHBOWIT K paSBHTHID TaKHX CJIOJmHX neTpOJIOrH^eOKHX 3B0JIE)-

ijHOHHHX nponeccoB B MarMaTH^ecKHX KaMepax, KaKEe yciaHaBJiHBaioT-
cfl B KajiBjtepHHX ueHTpax 3ana.ua CIM. 3 T H OTJIH^HH: HeodxoflHMO 
HD/TGTB B BHny a npH cpasHeHaB reoTGpMajiBHHX patoHOB sana^ta CIM 
H KaM^aTKH. B HacTHOCTE, Ha KaM^aTKe, KOTopaa TaKse OTJiHHaeTca 

mjiopoli pas^odJiGHHOH KopoI , Bpan JIB MOOKHO ostH.naTB HaxoscneHHe 
KpynHHX 3axopoHeHHHX MarMaTH^ecKHx KaMep, ne npoas jumi ipxca na 
noBepxHocTH, no,i;odHO naimii , KaKEe ycTanoBJieHH B paSone CoKoppo H 
B JIojiHHe CMepTH B C M , Ocodo B TadJEEne I noKasaHH reoTepMajiBHHe 
paMoHH, pacnojiOEeHHue B PHMajiaax. MomnocTL seMHoS Kopj B OTEX 

p a i o a a x - MaKCBMajiBHaa na 3eime (flO 80 m i ) , B HEX HG npoaBJiena 
coBpeMGHHaa ByjncaHH^ecKaa aKTHBHOCTB, a TenjiOBoe nHTaHHG o c y -
mGCTBJiaGTca 3a C^GT npo.nojmaioiipix ooTHBaTB KpynHHx Mace rpanHTOB 
RiHOiJiGH-iunjoneHOBoro BoapacTa . 

KpOMG MOmHOCTE SGrilHOa KOpH BaSHyiO pOJIB B pa3BHTHH ByJEKaHH^eC-

KHx H raJpoTepiiajiLHHX npouGCCOB HrpaeT Tai^se, no-rBH^Hfjowy, C K O -
pocTB pacTflKeHHa serymoii KopH, HTO dHJio HarjtaHHO noKasano na npn^ 

MGpG rH.I^OTGpMaJIBHHX CHCTeM, paCHOJIOKeHHHX Ha Cpe^lHHHO-OKGaHE-

^ecKHx xpedTax [7]. 
Bee cpejmHHO-OKeaHH^ecKHe xpedTH diwH pas^iiejieHH na BHCOKOcnpe-

.HHHroBHG (CO c^ocTBio pacTaseHHa dojiee 2 CM/ro.n) H HH3K0cnpeflHH-
roBHe (co CKopocTBio pacTaseHHa Menee 2 crvi/ro.n). IIpH STOM dyjio 
n o K a s a n o , ^ T O na nGpBHX noBTopaeMOCTB maiaiHHGCKHx MaKCMoyMOB 
ByjiKaHH^ecKOi aKTBBHOCTH MOEGT dHTB B 1 0 - 1 0 0 p a s ^ame, qeM na 
BTopHx. ycjiOBHa pacTasGHBa (no KpaiiHefi Mepe, B luieHCToneHe) 
xapaKTepHH TaKse H ,n,Jia reoTepMajiBHHx paSoHOB B s o n a x cydflyKDiHH. 
QimaKO CKOpOCTH paCTHHGHHa SJtGCB SHa^HTGJIBHO MGHBfflG. B ByJIKaHH-

^ecKOM pa toHe KarocHMa na n r e HIIOHHH - 0 , 2 mn/voji L I 6 J B 30He • 
pasBBTBa HOBeSniHx paspHBHHx HapymeHHE na BocTO^ioii KaRiqaTKe -
0 , 3 ms/TOR C 4 ] , a B ByjmaHEHGCKOii aone Tayno B HoBofi SojianflEH 
- oKOJio 7 MM/ro.n I l 2 6 ] , HG HCKJEO^GHO, ^ O OTHOCHTGJIBHO BHCOKaa 
CKopocTB pacTasGHHS sef^ffloS KopH B 30HQ Tayno E asHJiacB npH^HHOfi 
oTMeqeHHHx BHUie ocodenBocTefi GG pasBHTHa - noBBimGHHoS nacTOTu 
HSBGpaeHEii, dojiBmoro odteriia B npeHTi/ormecTBGHHO pnojiHTOBoro c o c T a -
Ba npo^KTOB EBBepseHHa, 

npHBeflGHHHe pjaimue noKasHsaioT, ^ T O Ha na^jiLHOH CTajiHH pa3Be.n-
KH reoTGpr/iajiBHHX p e c y p c o B , npn noacKax dJiasKHx no THny rGOTepitaJiB-
HHx MecTopoa^aieHHS HeodxojiHr.io n p e a ^ e B c e r o odpanjaTB BHM'̂ aHEe Ha 

4 
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MOuiHocTB se^moia, KopH, nocKOJiBKy HMQHHO oaa onpejiGJiaGT cnocod 
TGHJioBoro HHTaHHa reoTepMajiBHHX MecTopoiK^neHBa (^lacTHe BHe^pe-
HEa dasajiBTOB EHE Kpynnue .njmTejiBHO ^ocTHBammHe onarH KBCJEUX 

MarM) E flJiBTejiBHOCTB BX cymecTBOBaHHa. Kpowe T o r o , EaacHHM ^ a i t -
TOpOM aBJiaGTCa CKOpOCTB paCTilSGHHa SGMHOl KOpH, KOTOpaa TaKKG, 

nO-BH.IU!MO^y, MOHGT BHGCTH CyitlQCTBGHHHG BSMGHeHEa B- reOJIOrHHeC-

KHe- ycjiOBHa npoaBJieHHa rH.i]tpoTepMajiBHHX npoi | eccoB\ ' 
'\j i j^ igQlLajcneMi, . ico'ji'Opiiia, c nQmcIl TO^KK apfafHiim:̂  ^Erpaer ) EaKHya 

pojiB n p a pa3Be.iiKe reoTepMajiBHHx p e c y p c o B , -^- ' '^^ nocj ie ioBa TOJEB-

Haa urarpanna ayjiKaHB^ecKBx npoaBJieHHi B KaKOM-Jiado nanpaBJieHEHv 
PaccMOTpHM'3T0 aBJieHHG B e r o 3Ha^eHHe .njia reoTGpMajiBHHx HCCJXG-

flOjBaHHH Ha nprniepe ccQHTpajiBHoro yqacTKa B o c T o ^ o a KawqaTKH 
(pEC. D . C ioro-3ana.ua Ha CGBGPO-BOCTOK s p e o h npOHCxo.nHT; odmee 
"OMOJIOKGHHG" n o p o a OT npcmAymGCTBGHHO HJIHOaGHOBBX PO CpGJlHG-

BGpXHGqGTBGpTHTOHX, yMGHBIHGHHe .I];HaMeTpa KynOJIBHO-KOJIBneBHX 

CTpyKTyp, EHKJiaHHBaHHe 30HH HOBGimax paspuBHHX HapyfflGHHH [ 6 ^ . 
' PacnOJIOSCGHHHG 3fleCB ra^pOTepRraJIBHHG CHCTGMH npnypOHGHH K OCGBOt 

jiaHBH yqacTKa H C 10ro-3ana.ua a a CGEGPO-BOCTOK MomnocTB HX H O C -

JIG noBaTGJiBHO yBGJIHHHBaGTCa (pHC. I ) . CaMHG MOipHe BHCOKO^eMne-

paTypHHG raapoTepMajiBHHe CBCTei\ffii 3.IIGCB KBK H B IXGJIOM na KaM^iaT-
KG, CBasaHH C ByJIKaHH^QCKHME nGHTpaMB, 3aJI0^HBmHMBCa BJIEHpOaB-

jiaBfflBME aaadojiBfflyK) aKTHBHOCTB B cpGjtHe-BepxHG^eTBGpTH^oe BpeMa 
[ 5 l 

OTMe^eHHOe ABJIGHHG, KOTOpOG MOSHO OnpG.HGJIHTB, KaK nOCJIQ.ItOBa-

TGJiBHym parpapGpHio Byjn^aHH3Ma c 10ro-3ana.ua na CGBGPO-BOCTOK, 

OT^GTJiHBO npoHBJiaGTca H Ha npEMGpQ 0T.HGJIBHHX ByjncaHHqecKHX 
nGHTpOB (pEC. 2 ) , KaJIBflGpH Ha HHX HGCKOJIBKO CMGmeHH K CeBepO-

BOCTOKy OTHOCBTeJIBHO E^eHTpoB ByjncaHHqGCKHx CTpyKTyp, Ha KOTopux 
OHH $opMHpyE}Tca, a nocTicajEbj^epHHii ByjmaHHsM, KOTOPHH B OCHOBHOPJI 

cocpe;ioTaqHBaeTca BHyTpn KajiB.nep, co speMGHeM CMemaeTca K c e a e -
po-BOCTOKy, nepeKpHBaeT rpanEmj KajiB.nep H p a c n p o c T p a n a e T c a p a -
Jiee na ceaepo-BocToqHHx HX CKJionax. 

AHajiH3 pacnpG;5GJieHHa TepMonposBJieHHii na OTOM yqacTKe TaKae 
noKa3HBaeT,^rro Handojiee KpynHue H 3 HEX TaroTeioT K ceEepo-BOc-
TO'cfflHM H BOCTOHHHM ^aOTSM ByJIKaHH^eCKHX IieHTpOB, K KOTOpHM OHH 

. npaypoqeHH. OTqeTjnaBO npoaaJieHa OTa saKOHOMepnocTB H na nprn^e-
p e ^ipyrnx reoTGparajiBHHx p a i o n o B KaMnaTKB (pBC. 3 ) . OdpamaQT Ha 
c e d a EHEMaHHG H GD̂ G o.iiHa ocodGHHOCTB - TO, HTO r.!Hrpai^ia Byjnca-
HB3Ma E cMemeHHG TepMonpoaBJieHBfi npoHcxoAai a e npocTO K c e a e p o -
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BOCTOKy B.50JIB ocB y^acTKa, HO Ha OT.nejiBHHX neHTpax eme a K 
BOOTOKy B cTopoay $poHTa By^^aHHHecKo^ Jiyra. 

PaccMaTpHBaa no,nodH£ie •pa^iio^^^^jyttesQi^, MOJKHO OTMGTBTB T A K ^ 

paMoHi^ MGJDioycTOHCKOii KaJiLiiepH. HocjiGSHaa'pacno'jioseHa na CGBG-

PO-BOCTO^OM OKOHqaHBH HpOTaSCGHHOH ByJIKaHH^eCKOM 30Htr PGKH 

CHGtl^. 5yjncaHH3M B STOM SOHG nOCJIGflOBaTGJIBHO OMOJiaSCBBaGTCa K 

CGBGpO-BOCTOKy | ^ 2 5 ] . TGpilOnpOaBJIQHHa COCpe.HOTOHGHH BHyTpa KaJIB-

.HGpH a K CGBGpO-BOCTOKy OT BGG B daCCGI'lHG p.MeJKEOyCTOH L l 4 j . 

^Ha o.PaBaMH, pacnojioseHHOM aa BOCTOK-iaro-BOCToqaoM OKOH^HHH 

PaBaacKoro xpedTa, p^oiioibr.oii caMmi MOjiofloi ByjncaHESM, a K 
KpaaHea BOCTOK-IOTO-BOCTOHHOM nacTE ocTpoaa -^pcmon paenpocTpa- '̂  
aeiiga coBpeMeHHtrE- BacoKOTGPffltGpa Typnug. ranpoTepMajiBHkE^ CECTeMfet, 
t9].2PaaoH PeSsepoB B KajiH§opHHH pacnojioaeH BdJiH3H ceaepo-sa-
najmoro OKOH âHna npoTaaeHHoS odJiacTE pasBHTna' ByjocaHH^ecKPix 
nopo.H, nocjiGflOBaTejiBHO OMOjiasHBaiomaxca K ceBepo-3ana.5y [ T ? ] , 
TaKoe me nojioaeHHG saBimaei: rai^poTepMajiBHaa cHCTeMa ByjntaHa 
HBiodeppB - OHa npHypoqena K tnnnn.r no'pnnn--nnr';n.T!nn"'gr mroinnnnrt^ 
syjiKaHHqecKoii SOHQ, Epasec. B npe.nejiax STOS 30BH ByjiKaHH3M 
nocjiejiOBaTejiBHO OMOJiascEEaeTca B 3ana.zi-ceBepo-3ana.itHOM nanpaajie-
HEH(f 19, 2 5 ] . JlaHHHe reocjBsizpiGCKax accjiGjioBaHi^ noKasajia, HTO r 

HGpCnGKTBBHHG B TGOTOpfiiaJIBHOM OTHOfflGHHH paiiOHH paCHOJiaraiOTCa 

Ha CKJioHax Byjocana K sanajiy OT Kajajtepa [ 1 3 ] . /«Q,^A4*^ 

npHBe^eHHae .naHHue HOSBOJIHIOT cjotejiaiB BHBO,I];, qTo B ^ t o n a x , ^ 
ĵfTOTTodHMx RMmoiOTgfigmw^ (rT^e B onpe.i]̂ ejieHHHX nanpaajieHEax npoHC-
X0.HBT nocJie.ii.oBaTejiBHoe yMGHBmeHHG BOspacTa ByjocanH^ecKEx npoaa-
jieHHi4 TaM, Tjie cocpe.iioTotiGHH HandojiGG MOJIOAHG npoaajieHHa ayji-
KaHB3Ma, pacnojiaraioTca H aaadojiee Kpyxraae raz^poTopp^JiBHHe CHC-
TGf/H. npBHGM B CBMB 3TH CHCTGMH HGCKOJIBKO CMGmeHH (B TOM RQ 
aanpaBJieBHH, B KOTopoM OMOJiaxaaaeTca ByjiKaaasM) OTHOCHTejiBHO 
pacnojiOHeHHHX BdJiasB ByjocaHH^ecKHx a;eHTpoB. 

B TO s e BpepM 3TO saKjno^eHHe Hyii^naeica B yTO^HGHHE. TaK,. aa 
Î aM âTKe OHO ciipaBejvnaBO .lyia nzrHoneH-qeTBepTHqaoro sTana ayji-
KaHHBMa B neJioM,. BO HaadoJiee no3jmae npoaBJieHaa ByjmaaBsr^ 
(no3flBe-nJieicToi];eH-rojioijGaoBHG) GMy HG no.ntiBHaK)Tca HJIH noflHH-
HfflOTca TOJiBKO HacTE^o (pHC. I ) . C .DpyroM CTopoHH, JKaic duJio no-

iKapGno no npHMopo 3QGTo^oa_Eai'.'F?aTKH, a TQIGKO Momio paaoTL B-

p̂aiiOHO Dyjncana HLiodcppH Cl3l HJIH D paiioiio KajiLaopiioro norimjiOKGa-
UggTJiaa B PsaTomjio CSl} , KpoMQ OTMGHGHHOH aaKOHOMepnocTa 
.iteicTByGT GmG o^iaa - H ByjiKaaH^ecKEe npoasjieHHa H rai^JOTep^ajiB-



Haa aKTHBHOCTB CO BPGMGHGM CMGmaioTca B CTOpOHy $poHTa ByjiKa-
HHHGCKoa j ^ y r n : na KafjraaTKG - K BocTOKy, E paiioHG ByjiKana HBIO-

d e p p H ^ ^ K 3ana.ny, a B PBaTGD^Jie"^-^ K ioro-3ana. i]y. 
HpHBejteHHHe .itanHne, ocHOBanHHe na anajiHse r eo j io ro -CTpyKTypno i 

OdOTaHOBKH B pafiOHaX paSBHTHa COBpeMGHHHX raZIpOTepMaJIBHHX CHCTGM 

nosBOJiaiDT ysG na npejiBapHTGJiBHOM sTanG Hsy^GHHa STHX CHCTGM 

CKoppGKTBpoBaTB HanpaBJiGHHG pa3BG.i!ioqHHx H dypoBHX padoT H, n o -
BBflBMOMy, CymGCTBGHHO yMQHBfflBTB HX CTOHMOCTB. 

B aaKJDOHGHHG OCTaHOBBMCa GmG Ha Ojy-IOM aCnGKTG, KOTOPHM HGOd-

xoflmio yqHTHBaTB npn paBBejoce rGOTGpMajiLHHx MGCTopos^neHHl - N A 
&56 B03M0SH0^ HSMeHeHBe OpHGHTHpOBKH TGpMOBHBO.riamaX CTpyKTJ^P C 

TJiydHHOH. HBy^GHBG CTpyKTypHHX yCJIOBHt JI0KaJIB3anBB rGOTGpMaJIB-

HHX MGCT0p02C.HGHHH Ha KanwaTKG HOSBOJIBJIO CUGJiaTB BHBOfl, HTO B 

nepHO.It HJIHOtteH-HeTBepTHHHOt TGKTOHO-MarMaTHHGCKOii aKTEBH3aDtHH, 

B nGpayio OHGpG.i],B^^npoaBRiiHCB B BBAG R(iarMOBHBO.namax cTpyKTyp a a a -
dojiee rjiydOKO npoHEKaiomEG pasJiOMH MGpB.iiHOHajiBHoro B mapoTaoro 
n p o c T a p a a a a , no3S,9, B cpe;aaGM iiJiGtcTonGHG, aKTHBHSBpoBajmcB 
.DiBHsGHEa no pasJioMaM CGBGpo-BocTOHHoro npocTHpaHHa (rjiydEHa EX 
npoHHKHOBGHHa cocTaBJWJia, no-BBj[iHMOi\((y, QKOJio 1 0 - 1 5 K M ) . B n03J[ -
HGM njIGtcT0^eHG-^0JI0^eHG npoasosiyio sajiosGHBQ aaadojiGG MOJio,not 
CGTH paspHBHHx HapyfflGHBS,. HMGiomBX npocTEpaaBG CCB 2 0 - 3 0 ° . PJiy-
dBBa BX npoHBKaoBGBHa cocTaBJiaJia COTBB MGTPOE ajiH HGPBHG K H J I O -

MGTpH [ 5 ] . OnGHHBaa pOJIB 3THX pa3JI0M0B, KaK MaPMO- TGpMOBHBOjyimBX 

CTpyKTyp, dHJio cjiGJiano saKJnoHGHHG, HTO odHHHO HaHdojiGG apKO n p o a g ^ ; 
' JEGHHHG Ha nOBGpXHOCTH paBJIOMH CGBGpO-CGBGpO-BOCTOHHOrO npOCTHpa-

Haa (CCB 2 0 - 3 0 ° ) aaJiaioTca TGpMOBHBO.namaMH JiamB B caMHX BGPXBHX 

OTascaX 3GPiIH0fi KOpH. HpH pa3BG.mCG TJiydOKBX HaCTGt MGCTOpOSflGHHi 

OHH, nO-BHflHMOMy, flOJKHH HMGTB MGHBfflGG 3HaHGHBG* IIpB 3T0M OCHOB-

HOH y n o p CJIGJiyGT .HGJiaTB Ha BHaBJIGHBG dOJIGG .UPGBHBX paSJIOMOB, KO-

TopHG B OTjtGJiBHHx cjiyHaax MoryT HQ npoaaj iaTBca na HOBGPXHOCTH 

H BHCTynaTB KaK CKPHTHG CTpyKTypy. B rjiydoKHx n a c T a x MGCTopoK-
.UGHHH BX pOJEb, KaK TGpMOBHBO.HamBX CTpyKTyp, MOSGT 0I?a3aTBCa 

OHGHB EHCOKOHi 

PGByJIBTaTH H3yHGHHa npOHBÎ aGMHX BOH r^yTHOBCKOrO TGOTepiviaJIBHO-

r o MecTopoEja;eHHa na KaM^aTKe, nojiynenHHe B nocjie.ii.HHe ro.nH» n o -
KasaJiH, HTO flase B npG.nGJiax B G P X H Q I paBdypGaaoa qacTH MGCTopos-
.UGHaa .UBHSGHBG HOTOKOB TGIUIOHOCBTGJia Ha pa3HHX ypOBHaX OCymGCT-

BJiaeTca no pasHHM KanajiaMi B caMHx aepxHax STaaax (HGPBHG COTBB 
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MGTpoB) npocTBpaaHG 3TBX KaaajiOB npeap/iymGCTBQBHO oeBGpo-CGBepo-
BOCTOHHoe (CCB 2 0 - 3 0 ° ) , a r j iydne - ceBepo-BOCTOHHOG (CB 4 5 - 5 0 ° ) 

KpynHHG pa3JiOD.aH, aKTHBHHG Ha pjiydHHG, HG BCGrjta acHO npoaBJiG-
HH Ha noBGpxHOCTB. B KaHGCTBG upHMGpa MOffiHO npBBGCTB cydmapoT-
BHH YsoacKO-BajiarHHCimii pasJioM na Kap^naiKG, KOTopHii BanHMaoT C G -
KymGG nOJIOaCGHEG no OTHOmGHEB K OCHOBHOS MarMOnO.I]rBOflamGi BOHG 

BocTOHHOt KaMHaTKH, HTsffeiomela CGBQPO-BOCTOHHOG npocTapaHEe* OH 

njioxo EHpameH na noaepxHOCTH, HO n r p a e T Baanyio pojiB B rjiydHHHOM 
KOHTpojie MarMaTHHecKOii jteaiGJiBHOcTH B paloHG [ 5 ] . B ysJiG H G P G C G -

HGHBa 3T0r0 paBJIOPiia C OCHOBHHr.3 MarMOBHBOaamHM paSJIOMOM B nOBOTGM 

luiGacTODiGHG Cv^opMBpoBajica cJiOHHHli i^JiBjaGpHHl n[GHTp H Haadojiee . 
Momi-iaa n a Kar^raaTKe ranpoTepMajiBHaa cHCTGMa. K no^odnHM cTpyKTy-
paM B cniA OTHOCHTca, no-BH.umiOf.5y, jmnGaMGHT M e M ^ , CGBGpo-

BOCTOHHOrO npOCTBpaHHa, B ySJIG nGpGCGHQHHa KOTOpOrO C MGPH5H0-

HajiBHHM pH|)TOM Pao-PpaBjiG c^opMBpoBajiacB Kajn>.nGpa B s j u i a c . Ho 
MBGHBE), pajta HccjiG.iiOBaTGjrGfi 3Ta CTpyKTypa HEJiaGTca dojiee saanH-* 
TejiBHHM TeKTOHBHecKBM ajieMBHTOM, HBM pB$T Pi^PpaBfle I pHcjT OTpasa -
eT aepxae -KopoBoe nojie aanpf laeaa i i (flO rjiydBHH 5 KP.I) , a jiBHGa-
MGHT JfeCGMMS - HBKBe-KOpOBOG EJIH MaHTEHHOG nOJEa' [ 8 , 2 4 , 2 5 ] . POJDb 

paSJIOMOB CGBGpO-BOCTOHHOrO npOCTHpaBHa B 3T0M patoBG dHJia BHaB-

j i eaa oTHOCETejiLHO neflaBHO. Cuejian BHEO.H, HTO HP5eHH0 ona BHSsajiH 
MBorEe OTJiHHHa MQSiHy npe^oJiaraepjiHM H J^GHCTBHTGJIBHHM cocToaHHGM 
CTpyKTypa [ 2 2 ] . 

HoflodHaa, n e HBBecTHaa p a n e o cKpHTaa Bona pasjiOMOB CGsepo-
BocTOHHoro npocTHpaHHa (JJjiacKaBGpH) BHaajiGHa HG.i];aBHO B B paaoHG 
KaJiBjiGpH JIoHr-BajuiB B KajmcJopHna.. 3Ta s o n a odpasoaaJ iacB RO t j op -
fidHpoBaaEa KajiBj^Gpa, a na nocTKajiB.nGpHOM STanG KOHTpojiapoBajia 
pacnojioatGBHG 3KCTpy3Bt a cosjuasajia B aG.i^)ax oToSl cTpyKTypa BOHH 

BHCOKOa TpGIUHHOBaTOCTB, E.HOJIB KOTOpHX npOHCXOflEJia B npOBCXO.HBT 

napKyjiaoHa rB.i]poTGpMajiBBHx pacTBopos [ 2 7 ] , 
nGpGopBQaTHpoBKa p/iarMOBHBOflamBx KaaajioB c rjiydanofi aBJiGHBG* 

no-Ba.2iBMOc^, .nocTaTOHHo odHHBOG* TaK, BayHGBBG flaQK noKasa j io , 
HTO o a a HacTo adJiBBB noBGpxHocTH pacmGHJiaioTca aa cGrMGBTH, p a c -
nojiQaGHBHG i^jmcoodpaBBO .Dpyr no OTaomGHHD K .^pyry . 3 T O n p o a c x o -
.itET H3-3a nGpeopEeHTHpoBKH HOJieU HanpaKeHHt na Majmx r j iydnnax 

I I I ] * HarJiailHOe nO.HTBGpHmGHEG 3 T H BHBOJUJ nOJiyHBJIB npn HByHGHHH 

KynojiOB MHHO B Kajm^opHHB. OcHOBHaa .naSKa 3.IIGCB BT^GGT jyiHuy OKOJIO 



I I KM H npocTEpaHHG CCB 7° , a EdJiHBE nosepxaocTH oaa pacmGnJWGT-
ca aa KyjiacoodpaBHo pacnojiomGaaHG CGrMGBTH, KOTOPHG BMGK)T npoc-
THpaaaG C!B 15-25° [ 1 2 ] . IfeBGpseHHG syjacana TojidanaK aa KaMnaTKG 
TaKEG noKasajio, HTO ocBOsaaa naTammaa ^a^Ka aa rjiydHBG BMGJia 
BflecB npocTapaaae CB 20-22°, a dJiHsce K noaepxHocTa npocTapaaae 
0T.nGJiBaHx cGrMGBTOB paMin B3MGaajiocB aa CB 15-17° (no.ix iiGnoHKoM 
KoaycoB CGBGpHoro npopHBa) a pajiee na C3 335-340° (nop OT^QJIB-

BHPm KoaycaMH KaK CGEGpaoro, TaK a Kkaoro npopHBa) ["2]. To GCTB, 

BflGCB TaKSCG BHUaO.,, HTO npB npHdJaaSCGBBH K nOEGpXBOCTB pyiarMaTBHQCKaa 

KOJioaaa no.ii KasimM KoaycoM,̂  no-BHiiHMor/iy, pacmGiuiajiacB H pasBopa-
HEBajiacB aa HGCKOJIBKO jtecaiKOB rpa,i]ycoB.^ 

BonpocH, KOTopHG dHJiH paccMOTpGHH BHffle „„ HecoMHeHHO, TpedyioT 
.najiBHetmero BByneHEa^ Ho BCG OHE - H TEnEsaipa reoTepi^ajiBaHx 
paSoaoB aa ocaoae MomaocTB seMaoS, Kopn a CKopocTB ee pacTaffieaaa, 
H saKoaoMepaaa p/iarpaî Ha ByjiKaaHHecKoS H ra^poTep/iajiBaot fleaiejiB-
aocTB B npocTpaacTEG,. n nopGopaGBTapoBKa MarMO- a TGpMono.nBO.ua-
max KaaajiOB c rjiydaaoS noBBOJunoT, no-BBjuaMot^,_ ysG cGSnac dojiGG 
npasBJiBao OI^GBBTB rGOTGpMajTBBHG pGcypcH a BGCTB paBBG^Ky rGOTGpMaja 
HHX MGCTopo^.eHaa c aaBMGHBfflBMB saTpaTaMH,.,. 
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noj^)HcyaoHHHe no.inracH 

P a e . I . OdJiacTB p a c n p o c T p a a e a a a ByjotaaorGaaHx n o p o ^ njraonGa-
HGTBGpTiaHBoro BOBpacTa aa aGHTpajiBHOPj ynacTKe BOCTOHHOH KaiiTnaT-
KB.-

1-6 - odJiacTH pacnpocTpaaGHHa nopo.n: I - COEPGMGHHHX; 2 -
CpG.5aG-BGpXHeHGTBGpTBHBHX (KBCJEOrO COCTaaa) ; 3 - CpGjmG^BGpXHG-

HGTBGpTEHHHx (ooHOBHoro B cpe .p[e ro COCTaBa);' 4 - HEKHeneTBep-
TBHHHX; 5 - BepXHeMHOnGH^nJIBOnGBOBHX^ 6 - BGpxBGnajiGorGaoBHx; 
7 - KajiBflopn ( a ) , . .nyroBHG paBJiOLe B BOBH TpGmaaoBaTocTB ( d ) ; 
8 - ra.iipoTGpMajiBHHG CBCTGMH B TGHJiOBaa SBGpraa, aKKyryiyjiBpoBaBHaa 
HX ropBHMH nopo.naMa (10 Kaji) . 

P H C . 2 . ByjmaBHHGCKBG nGBTpn nGHTpajiBBoro ynacTKa BOCTOHBOI 

KaMHaTKH. 
I - KapHP^CKHHlv' n - EOJILfflG-CGPiiaHHKCKHH, ID - yBOBCKO-PGtSGpBHH, 

ly - KpamGaEaBBKOBa. 
I - npGflnojraraGMHG rpaaanH ByjiKaaaHecKHX n e a T p o a ; 2 - KajiB-

.itepH; 3 - ododmeaane KOBTypn paBsaTna ByjncaaBHecKBX n o p o ^ ; 
4 - neHTpH ByjncaBBHecKBx nocTpoeK ( a ) , KpaTepa, Maapa ( d ) ; 
5,. 6 - njioma.itB, BaaaTHe nocTKajiB.n.GpaHMH ByjocaaaHGCKmiE n o c T p o a -
KaME paaHGH (5 ) H no3;«HGa (6 ) $ a 3 . 

P a e . 3 . CxGPffir pacnpocTpaHGHaa TGpMonpoaBJiGBBii B llilyTBOBCKOM 
B KapGyHCKOM reoTepMajiBBHx paSoaax KanTnaTKB. 

ycjioBHHe odosaaHeaaa CM. p a e . 2 . 

HpaMHe j o m a a (TpemaaH) a jBrnaa c dermTpaxaMH (cdpocH) -
TpaccapyraT rjiydHHHHe SOHH pacTaateaaa ceBepo-BOCTOHBoro n p o c T ^ - " 

HHH. 



p r O ^ " " ^ ' . % ^ PEOSMBIWECKHE fylETOJlH PASBĴ IJCM PBOTEPMAJEbHIiffi 
PECyPCOB 

1 0 ^ . 2 . 1 . BaejieHHe 

McnojiBSOBaHBe reoTepMaJiBHHx pecypcoB BOBMOBHO B HacToamee 
BpeMa n p e a a e s c e r o BBB^e SKcnjiyaTaiiEE raj^poTepMajiBHHx MecTopoa-
AeHEfl. MapoBofi OHHT noBasHsaeT, HTO npa a x passeflKe Tpem0BHO-KH-
JiBBHi xapaKTep ippKyjiai^HH TepMaJiBHHx B O ^ E MomHHt Hexoji n e T s e p -
TBHHHx OTJioaeHHt BaTpyRHaioT onpejieJieHHe MecTa BajioseHaa CBBasHH. 
JleTajiBHHe reo$H30H6CKHe accjiejiOBaHBa cnoeodHH cymecTBeHHO H O B H -

CBTB 3^i|)eBTHBH0CTb paBBeflOHHoro dypGHHa. B jiaHHOM pasjteJie n p o -
aaajiHBBpoBaHH $B3HHecKHe npejmocHJiBH npaMGHeHaa reo$H3aHecHHX MG-
TOflOB npa pasBeflKG raflpoTepMaJiBBHX MecToposweaaft, odocaoBaa B H -
dop panaoaaJiBHoro a x BOMEmeHcapoBaHHa a npaBefleaH npaMepH ax a c -
nojiBsosaHBa na raflpOTepMaJiLHHx MecToposyieHHax KaMHaTBa. 

B HacToamee speMa aa KaMHaTBe HBBecTBH 158 rpynn' TepMonpo-
aBneHHi, cpeflH BOTOPHX OBOJIO IOO BMeiOT TGMnepaTypy cBHme 60°C na 
TJiydHHe RQ 1500 M , a 17 - BHme 90°C,. TepMaJiBHHe HCTOHHaBH n p a -
ypoHGHH npeHMymecTBeHHO B BocTOHHOMy a UeHTpaJiBHOMy ByjiBaHanec-
BHM noacBM, B p a a e e ^HGTBepTEHHOii^ ByjiBaaaHecBOMy p a l o a y C p e s a a -
Horo x p e d T a , Ha 1 3 TepMonpoaajieHHax B paBHHe ro^H dujiB BsnojiHe-
HH reo$03HHecEBe BecjieflOBaHaa^ped^HSBBaMH npoB3Bo;ndraeHBoro r e -
ojLorH^cBoro odteOTaeHaa "KaMHaTre^o raa" a BOJUieBTBBSM j i a d o p a -
Topaa peraoaaj iBHot reo^HSHKa MHCTHTy^ ByjiBaHOJioraa J W AH CCC5P 

/ l . i . 2 . 2 < ^ § B 3 a H e c B H e npeflnocnnBa npaMeHeaaa reo$B3HHecBBX 
MGTOjiOB npa noHCBe a passeflBe reoTepMaJiBBHX M G C -

TopoaweBHfl, 

npa paBBGOTG MGCToposweaat TepMaJiBHHx E O ^ BHdop BOMiuieBca 
reo$H3EHecBHx MGTO t̂oB ROJisBB. dasHpoBaTBca a a npaBHJiBHoS. oijeHBe 
BJiaaHaa TepMajiBHHx BOJI a a $B3HHecBBe cBoficTBa nopo^ BOJUieBTopa. 
UpHHBHOS. HX :.Hl3MeH6HBa MOiyT dHTB B OCHOBHOM TpH $aBTOpa - TGM-

nepaTypa , XBMHHecEft® QBTaDiiooTii lepMajiBaHx BOA a BX BOJiaHecTBo, 
KpoMB T o r o , TepMajiBHHB BOflH BJiBafflT Ha BGJiaHBBH reo^iBSBHecBax 
aHOMajiat B BanecTBe caMOCToaTejiBHoro reof^asBHecBoro od ieBTa . Hs 
onHTa. HsyHGHHa TepMonpoaBjieHHt KaMHaTBa cjiejiyeT, HTO asMeaeHae 

nopoji HOR jtetcTBaGM segMa^s&i^ BOJI B ocodeHHO rwffirrcpi^^TP^Tx^'^o-



BcxoOTT B soBG'^pByjiainaB ;s:epflgaKH22i3QS'a B MaJioMomHOt n p a B o a -
TaBTOBoS. BOHB "cyxBx" Hopoji, HoaTOPifly aaoMaJiaa reo^HBaHecBBX n o -
jieS., cBasaHHHe o rB;npoTepMaJiBHO asMGHGHKHMB nopo^aMB, n p a y p o n e -
HH Jiado B • ynacTBaM coBpeMGHHoi Marpanaa TepMajubBHx B O S , Jiado B 
ynacTBaM, rjte nopo^H cjiysajia aojuieBTopoM TepMaJiBHHx BOR B npom-
jiOM. Haadojiee cymecTBGHHyio BaBacBMOCTB OT CTeneaH BosseficTBaa 
rajyooTepM npoaBJLaioT CBoIcTBa, onpe^ejiammHe 9JieBTpHHGCBHe, M a r n a -
TBHB a CBOpOCTHHe aHOMSlJlHH. 

MarHBTHHG cBoacTBa. PaflpoTepMaJiBHoe HSMGHGHBG n o p o ^ , npe j i - • 
CTaBJlGBHOG CGpBTBBaECBeft B OBBap^eBaHHeM, BGflGT B nOHBKGHHlD M a r -

HBTHHX CBOaCTB, TBB BaB npB 3T0M npOBCXOOTT paspymGHBG MarHGTB-

T a . BTopBHHHG EBapiiBTH, odpasymmBGca npa ra^oTepMaJiBHO MGTaco- . 
MaTHHGCEOM BSMeHeHBB MarMaTBH6CBHX nopOfl, nOHTB HeMarHBTHH, xo-

Ta nepBBHHHG nopo^H dujia MaraaTaHMB. Hpa BsaaMOjiegcTBaa BBCJIHX 

a cjLadoBBCJiHx TepMaJiBHHX BOA c EMGrnaramaMB nopoAaMB npoacxoABT 
"odejxBHBG" nopofl e nocjieflyromBM odpasosaaaGM Bsapita BCJieflCTBae B 3 -
dapaTGJiBHoro BHrneJiaHHEaaaa SGJieBa B S nopoAOodpasyiomBx MaaepajiOB, 
KpoMG T o f o , npoBCxoAHT npoijGce "BHMUBaaaa" se j i e sa H 3 MaTepaacBoI 
nopoflH TGpMaJiBBHMB BOAaMB, yHOcamal RO 70% se j i e sa H 3 aeasMeHeHHHx 
nopoA [ ] . CJieAOBaTGJiBHO, ynacTBa raspoTepMajiBHO BBMeaeHHHx 
nopoA npaBTBHecBH BcerAa BHpajKaKTca noaaKeaaHM MarHBTHHM HOJIGM, 

M o p ^ j i o r a a BOToporo saBacBT OT BOHBPGTHHX reojiorBHecBax yenoBaa . 

yjIGJIBHOe SJieBTDBHeCBOe conpoTHBneHBe. clUeBTponpOBOAHOCTB 

nopoflH npH odHHHHX TGMnepaTypax. onpeflejiaeTca BOJiBHecTBOM n p a c y r -
cTByKmei B HGg BOflH, GG MHHGpaJLHsauBGi B xapaBTGpoM pacnpeflGJie-
Haa B nopoAG. Hpa BejiaHaae BJiaroHacHmeHHOCTH dojiee 4 0 ^ c o n p o T a s -
jiGHHe nopoAH HaHHHaeT.nojiHOCTBB) OTpasaTB conpoTaBJiGBBe pacTBopa. 
Ha M e c T o p o ^ e a a a x TepMaJiBBHx BOR ajieBTpaHGCBaa a XBMBHecBaa a B -
THBaocTB BOR noBHfflaeTca noR BJiaaaaeM TeMnepaTypn. C noBHrneaaeM 
TGMnepaTypH cpnpoTHBJieHHe HacHmaiomero noposy pacTBopa aBcnoHGH-
ijaajibHO ydHBaGT [ ' : ] ,- B eme dojiBmet cTeneaa yseJiBaoe coirpoTHBjie-
HBG TepMajiBHoS BOflH yMeHBmaGTca .HO Mepe BOBpacTaaaa CTeneaa M B - , 
aepaj iasaipia npa JiiodoM COJIGBOM cocTasG (asMeHeaae Maaepajiasaima 
BOR OT 0 , 0 1 RO I T/JL MOSGT npBBecTB B HBMeHBHaH) BX y^GJiBaoro c o -
npoTBBJieHHa B IOO p a s ) , OHeBHAHO, B p a l o a a x raflpoTepMaJiBHHx M G C -
Topoaweaa i MaaaMaJiBHHM conpoTBBJieHaeM odJiasaioT n o p o j p , aacmaeH-

HHG TepMaJLBHUMB MBaepaJlESOBaaHHU/IB BO^aMB. 



CBOPOCTB DacnpocTpaHeaaa y n p y r a x BOJLH B ropHHx n o p o n a x . Ha. 
^aJ^poTepMaJlBHHx MGCTopojJKGHaax Tpemaaao-KajiBHoro Tana ynacTBa M H -
rpauBB TGpMaflBBHx BOR xapaBTGpas^igTca CBJIBHO TpemaaoBaTHMB n o p o -
flaMB, noBTOKjy SAGCB MOKHO osBsaTB aaoMaJiBBo noHHseaaHe. saaHGaaa 
cBopocTea. OflaaBo Bonpoe o cooTBGT-CTBaa ynacTBa e aaoMajiBHo H H S -
B o t cBopocTBK) rHjtpoTepMonoflBOAamGwiy Banajiy pemaeTca ne oflHOsaaH-
HO a TpedyeT cneiiHajiBHHx accjieAOBaHBi. 

HJIOTHOCTH. B O DopydcanLiM aainnii;^ & yBejiBHeaaeM CTeneaa r a s -
poTepMaJiBHHx BSMeaGHHt SHaHBTejiBHO yBejiBHHBaeTca ajiOTHOCTB - a a 
0 , 3 - 0 , 4 r /cM^ no cpaBHGBBE) c aeasMeHGHHHMB nopoflaMB Toro ate c o e -
Tasa. fa,"'] , C APyro t cTopoHH, HMesTca CBeaeHaa, HTO BHBOC TGMHO-

E;BeTHHx BOMnoHGHT B npoD;Gcce ra^poTepMaJiBBHx asMGHenaS. npasoABT 
B yMGHBrneHBE) EttOTHOCTH HOpOfl. npHBHOC BemGCTBa B3 paCTBOpa BGC-

BOJiBBO ee yBGJiHHaBaeT, KOHGHHHS. pesyjiBTaT, BHABMO, saBBCBT OT 

AJiBTejiBHOCTa npouecca a xBMHHecBoro cocTaBa pacTBopoB. 
CflGJiaHHHa. odsop noBasHBaeT, HTO npa raflpoTepMajiBHOM BSMGHG-

HBB nopofl pieHBmeHae SHaHeaafi ^asBHecBax napaMeTpoB npoasj iaeTca 
AdcTaTOHHO niBpoBO, ao ae BMeeT, oflaaBO, adcojiiOTHoro xapaBTepa. . 

1 . 3 . 2 . 3 . reo$H30HecBHe accjieAOBaHBE a a reoTepMajiBBHx 
MecToposweaaax KaMHaTBa 

a . OHHT npeAinecTBOBaBfflHX accjieAOBaHBt 

HcnojiBSOBaHBe reo^asBHecBHX MeTOflOB a n a passeflBB MGCTopos-
flGHBt TepMajiBBHx BOR HaHajLocB Ha KaMHaTBe B Boime 5 0 - x roAOB aa 
naysBTCBOM a HajiaHeBcBOM reoTepwajiBaHx noj iax. B nocjieflyiamBe rosH 
dHJi BsyHBH pHA reoTepMaJiBHHx MecToposmeHHSi rora KaMHaTBa. 

no ycjioBHaM uapByjiai^HH BOA B.H.EejioycoB (Li^3 BEmejiBJi Tpa 
ocBOBHHX Tana raAPOTepMaEbBHx cacTeM. nayTReTCBO-BaS.paBefi.eBaa THH 
- BHcoBOTBMnepaTypHHS,, e Tpemaaao-nopdBHMH ycjioBaaMa i^apByjianBH; 
napaTyacBBg Tan - HHSBOTeMnepaTypaHt, SOBH p a s r p y s B a npaypoHeaH 
B EpynHHM paspHBHHM SapynieHBaM HJIB CBOAaM,. Tan i^pByjiaipjH Tpemaa-
HO-atBJiBaHfi., oHara p a s r p y s a a TOHeHHOiK) xapaBTepa; KomejieBCBafi. Tan 
- coBpei^^HHHe raflpoTepMaJiBHHG cacTeMu ByJiBaaaHGCBax nocTpoGB. 

npHBGAGM npHMepH rGO^asBHecBBX padOT a a MecTopoawGHaax T B A -
poTGpMajiBHHx CHCTGM B a ^ o r o TBHa^ (BQ- flQimigi,i^^^afgpgpat^B nrQ^"KoM; 

{j^aTreo.iiorHa,'])M.Mi3QiiiiCDa, lO.A.KQOQdoDQ, A.M.OcjbMaaoBOja, H.B.IIlBap'y 
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Bo^Bme-Eaagoi MGCTop£j^eHHe. BHcoEOTGMnepaTypHHX ra^poTepM 
paenoj ioseao B rpadeHonoAOdHoS. AOJiaae p . B a a a o a . HpeodJiaAamiaa 
HacTB npBTOBOB TepMBJiBHHx BOA CBasaHa e soHaMB a TpemaaaMa, o n e -
paDmHMH ocHOBBHepasJiOMH, a TaBEG npaypoHeaa B KOHTaBTaM AaeB a 
cydsyjiBaHBHecBBX TBJI C 3$$QrsHBHo-napoBJiacTHHecBBMH a S ^ ^ S B B H H -

MB odpasoBaaaaaia aJineleBoa c e p a a , TepMajiBHHG BOAH OTHOcaTca K 

cyjiB^aTHO-zjiopaAHO-HaTpaeBHM TepMaM e MBHepattasauaell 1 , 2 - 1 , 6 r / j i , 
MaBCHMajiBBaa TeRmepaTypa, sa^aBeapoBaaaaa B CBBasanax, I 6 7 ° C . 

no MarnBTaHM AaanHM OTpaaiaTejiBHHMa aaoMajiaaMB A Z ^ yBepeaao 
BHAGJiaioTea SOBH pasjiOMOB, noABeprfflaeca raAPOTepMaJiBHO]V(y asMeae-
HBK), P a s p e s conpoTBBJieHBll no AaaaHM B33 HMeeT c^epxy ToaBaa luiacT 
BHcoBoro conpoTBBJieHaa ( ^ 1 0 0 0 OM.Mg), SBTGM Momanfi cjiofi. aasBoro 
eonpoTaBJieaaa (AO 10 O M . M ^ ) , noAeTBJiaeMHfi. ropasoHTOM "dGCBoaeH-
Ho" BHCOBoro conpoTHBJieHaa, PeojiorHHecBHa p a s p e s no AaaaHP/i d y p e -
HBa HG COOTBGTCTByeT STOS. CXGMe, CJlGAOBaTeJIBHO OCHOBHOe BJiaaHHe 

Ha BGJiHHHHy conpoTBEJieHBa OBasHBaeT BOAa, ee MaaepajiHsaiiBa a TGM-
nepaTypa , B ycjioBaax y s B o t PGHBOSI AOJIBBH irpHMeaeHae iTpasapasBeA-
BB a cetcMopasBeABB nettejiecoodpasHO. PesyjiBTaTH 3JieETpo- a Mar -
HHTOpaSBeAO^mUX padOT OBaSaJiaCB AOCTaTOHHO 3f$eBTBBBHMB. 

KofflG^eBcapg. reQ.TepMa^BHoe lecTOROJEaejpe pacnoj ia raeTca aa 
cBJioHax KofflGJiGBCBoro ByjiaaHaHGCBoro MaecHBa. BGCB asyHGBHHt p a s 
p e s p a t o a a npeACTasjieH ByJiBaaaTaMB aaAGSBTO-dasaJiBTOBoro c o c T a -
Ba., cymGCTBGHBO BSMeHeaaHMH. B pesyjiBTaie raApoTepMaaBHoil n e p e -
padoTBH Bce napaMeTpH t^asHHecBHX cBOtcTB BMBIOT noHBaeaaHe a d c o -
juoTBHe saaHGHHa a mBpoBai Aaanasoa . Taa , MarHBTaaa BoenpaaMHH-
BOCTB JiaB BSMeaaeTca OT 0 AO 9 0 0 X 1 0 " ^ CPCM, a miOTHocTB - OT 1 ,3 
AO 2 , 2 r / cM^ , TcTaaoBjieBH jiaHeSHHe oTpaiiaTeJiBaHe MaraaTBHe a a o -
MaABB, CBasaaaHe e npoTaaeHHEMa TeBTOHBHecBBMa HapyifleaaaMB a s o -
aaMB HSMeaeaaHx nopoA. Ho AaaaHM B33 aa BceS. imomaAa BHAGAeaa 
TOJima nopoA e conpoTHBJieHHeM AO 20 OM.M, BOTopaa BHXOABT aa n o -
BB^JxaocTB a a ynacTBax coBpeMeaHHx TepMoapoaBJieHat. yenemao npom-
AB OHHTBHe psdOTH HO HGIipepHBBOlVQr HaCTOTBOMy SOHABpOBaBBK). BCG 

npOJiyETaSHHe CBBaKHHH pacnOAOSGHH B SOHaX HBSBOrO COIipOTHEJieHHa 

(MGHGG 20 O M , M ) . 

napasyicKOi Ha3.K£TlMn6paTyEHOGjviecTopoM§Hie COCTOBT as aec-
aoABBHX caMocToaTGABHHx yHacTBOB, pacnoAosteaaHX B npeAGAax CTpyB-
Typaot AGnpGccBH p.napaTyHKa. TepMaABHHe BOAH cyAB^aTHO-HaTpae-
BHG c MBHepanasauaefi 0,9-2,2 v/ j i a MaBCHMaABaofii TGMnepaTypot AO 



I06°C. no AaaaHM MaraaTo- a cetcMopasBGABa xopomo BHAGJiaiOTea aa-
TpysBBHHG a SECTpysBBHHe odpasoBaHBa. Ho rpaBBMeTpaHBCBHM AaaaHM 
^BBcapyKTca OTBOCBTGABHO xiOAaaTHe a onymeaaHe dAoaa ^lyaAaMeaTa a 
opToroaajiBBaa cacTeMa pasAOMOB, e MecTaMB nepGCeHeaaa BOTopax, caa-
saan BCG ynacTBa noBepxHOCTHHx TepMonpoaBAeaBl B AOAHBG peaa Ila^ 
paTyaBH, rGoaAeBTpaHBCBat paspes B ocaoBBOM TpexcApSaHa (pae, 1 ) . 
BepXHBH. CAOl MOmaOCTBIO 2 5 - 7 5 M CO CPGAHHM yAGABBHM COnpOTBBJIGHHeM 

2 0 0 - 3 0 0 OM.My OXBaTHBaGT aJLTlDBHaJIBHHG a BaAyHBO-raAeHHHG OTAOXe-

aaa, MomaHa (AO 400M) ropasoHT noHBSGHHoro conpoTBBJiGHBa (10-
40J0M.M) COOTBGTCTByeT a7i€BpoA0TaM, BOBTAOMepaTaM a Bepxaefi nac-
TB BopeaaHx nopoA, odBOAaeaaHX TepMaABHHMB B CMemaaaHMB BOAaMa. 
OndpHHB. ropasoHT BHCOBoro conpoTBEAGHaa cBasaa e MaAo-TpemaHOBa-
THMB BopeBHHMB nopoAaMB, KoBTypH SOBH HBSBBX conpoTaBAGaat (<30 
OM,M) B odmax nepTax noBTopaiOT OHepTaaaa BHcoBOTGMnepaTypaofi 30-
HH (doA6G 50°C). nojiyHeaaiie aa HapaTyacBOM MecToposweaaa reo^a-
sHHecBae AaaaHe no reoAorHHGCBoinQr CTPOGBBH) a TeBToaaBG paioaa xo
pomo corAacyioTca c pesyjiLTcfaMB dypGaaa.- Ho eelcMHHGCBHM AaaaHM 
^BBcapyioTca TeBTOHBHecBae aapymeaaa, BGBOTOPHG as H B X aBnaDTca 
TepMOBHBOAflmBMB, BOJIBIIiaHCTBO npOAyBTHBBHX CBBaBBH pacnOAOSeBO B 

soHe noaaaeaaoro conpoTaBAeaaa. 
npHBeAeHHHG npBMGpH CBBAGTeJlBCTByiOT Od. Sg^GBTaBaOCTB npBMG-

HBHaa reo^BSBHecBBX MGTOAOB npa noacae a passeABe MGCTopoaAGaHt 
TGpMaABBHx BOA. Ho oî GBBaM \ s e ^ m s s i Q S r UTQ "riQi.raQTrc OAorna^, 3 3 ^ 
cBBaatBH, saAOHGBBHx HO reo^BsaHecBHM AaaaHM, OBasanacB iipoAyBTHB-
aHMB. Cnei^H^BHe'cBae nepTH reoTepMaABBHx MecToposweaat BHaajiaKT-
c a ae BcerAa OAHOSHaHao, no3TOMy eoBepmeaao HeodxoAHMo npaMene-
HHB BOMnAGBCa reOliHSBHeCBBX MGTOAOB. 

' d. MeTOABBa EOPAuieBCHHX reo^asHHecBax BccAGAOBaHBa. 

OnapaacB aa onHT.reo&asHHecBax padoT aa raAPOTepMajiBBHx M G C -
ToposwGHBax ^mpa a, B nGpsyK onepeAB, KaMHaTBa, M H paspadoTanB 
MGTOABBy BecAGAOBaaafi, BOTopaa dHAa npHMeaeaa na SCCOBCBOM, Ana-
BralcBOM a nymaacBOM reoTepMaABHHX MGCToponyiGHHax [$] , BH^H B H -
dpaHH MGTOAH a ycTaHOHJieaa nocAGAOBaTGABHOCTB ax npoBGAeaaa. Ha 
nGpBOM 3Tane BHnojiaaAacB aAomaAHaa MaraaTaaa cteMBa, saTGP/i B A G B -
TpopasBGABa MeTOAOM B33 a ceicMopasBeAKa Kf̂ UHB. Taaaa nocAGAOBa-. 
TeABHocTB padoT dHAa aaadoAee SBoaoMHHHOB,, TaB aaa saaaae DAomaA-
HorO'paenpeAeAeaaa MaraaTaHx aaoMaAat nosBOJiaAo partHoaaJiBHC B H -



dapaTB CHCTeMy aadJuoAeHat a aeodxdAHMHii odseM doAee "TamejiHx" M G 
TOAOB. 

MaraaTaaa ^ m ^ a j i a imomaAa M G C T O P O ^ G H H I nosBOAHAa BHABJaaTB 
soHH rsApoTepMaJiBHO HSMGHGHHHX nopoA, SOHH TeBToaaHecBax aapyme.-
a a t a odaapysHTB aHTpyBHBBHG MaraaTane TGAa, nepeapHTHe ocaAOH-
HHM HGXAOM. Ci.eMBa BHnojmaAacB no CGTH npo^iHAet npa paccToaHaa 
MBJRAy HaMB 2 0 0 M H MG^fly TOHHaMB BSMepeHHl - 5 0 M . HH, yHBCTBaX BH-

coBHX iTpaAaeaTOB a nepcneBTBBHHX a a TepMaABane BOAH (no BOMaAGB-
ey MGTOAOB) npoBO,AajiacB AeTaABsartaa no CGTH IOJCIOM. TOHHOCTB c t e M -
BH no nOBTOpHHM B BOHTpOABHHM IiyHBTaM dHAa KG XyEG. + I I , O B T A . H O -

cEOABBy ocHOBByE) HAomaAB c t e M H cocTaEJiaAa nAocBae peHHHG AOABBH, 

nonpaEBa aa peABe^ a e BBOAaJiHCB, 

. 3ji£BTpopa3BefiosiHej)gdoTH aanpaBAGHH a a ycTaaoBAeHae odAac-
T G I aasBoro conpoTBEAeaaa, cooTBeTCTByiomBx soaaM rBApoTepMaALHoI 
nGpepadoTBH nopoA (nepsne flecaTBa OM.M) a soaaM aBBywyjiaiaaH a 
pas ipysBH Tepi/iaABBHX BOA (AO eAaaau O M . M ) . McnojiBSOBaAOCB B O C 

HOBHOM BepTHBaABBoe 3AeETpBHecBoe soBABpoBaHBG no odmenpHHaToSi 
MeTOABBG, BeAHHBaa pasHOcoB iiBTaiDmBx AHaaa cocTaBJiaAa I , 5 - 2 , 0 K M , 

paccToaHBe Me^iiy nyaKTaMH B33 0 , 2 B M . . ysBae AOABBH saTpyAaaAa B H -

nojiHGHHG BpecTOBHx paccTaHOBOK*- Ha nymaacBOM MecToposytGHaa B O H H -
THOM nopHAKG BHnojiHeHO BHAyBiaaoHHOG HacTOTHOG soHABpoBaaae, no 
oAHoi Tpacce noAyHeaa saBacaMocTB aaacymGroca conpoTEBAeaBa OT n a -
CTOTH, no A P y r o i - OT p a e c T o a a a a MGHOOT r e a r p j r n n o i a npaGMHBBOM. 
HBAyB^maoaaHS MGTOA nosBOJiaGT noAynaTB BH|»opMaEP3K) o doABmax r A y -
danax npa pasHoeax , coasMepaMux, e B 3 8 , a MeaBmax ^/asaHecaax s a -
TpaTax. KOABHGCTBeaHaa aaTepnpeTaiwa apoasBOAHAacB naAGTOHHHivi 
enoeodoM.. 

CGleMopa3,BeAOHipe. pado^H_jioAsaH dHAa onpeAGAHTB CTpyBTypy 
CGiGMHHGCBHX rpaBHIJ (AO TJiydBB BGpXBGMGAOBOrO ^yHAaMGBTa), Bb̂ AG-

JIHTB 30HH TpemHHOBaTOCTa, nOABepSGHHHG rHAPOTepMaABHOWOr BOSAetCT-

BBE), a SOBH pasjioMOB, nGpenGKTBBHHe a a nojiyHeaae ropaHea BOAH. 

Ha ynacTEax GCTGCTBeaaHx BHXOAOB TepMaJiBHHx BOA dnjia BKHOA-

HGHH OnHTBO-MGTOABHeCBHe padOTH. MCHOJlBSOBaJiaCB Iipog[)HJlBHaa CHC
TGMa aadAiQAeaafi KMHB, BBABonaiomaa npoAOABHOG a HGnpoAdJiBBoe n p o -
fBAapoBaaae c maroM 5 0 - I O O M . - JlAa onpeAGAeaaa caopocTaHX napaMeT-
poB BepxaeS, nacTa p a s p e s a , yroHHeaaa noAomeaaa paSAOMOs a a x n p o -
CTHpaaaa dHA HHdpaH mar I 0 - 2 0 M . - Bce ro a a TpGX MecTopoaAGaaax B H -

nojiHGHO 6 0 B M npo^HAGS, a s a a x I 5 B M OTpadoTaan e maroM aadJUQAGaafi 
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I0 -20M. PadoTH HHnojmaABCB e noMomtio CGtcMopasBeAOHHHx cTanitBli 
Tana "noacB" - BfflB, CM-MinR.. BSPHBH MomaocTBio OT I AO l O s r B H -

nojujHJiHCB B innypax rAydaHOl AO 2 M , a MomaocTBio OT 10 AO 300Br -
B cneimaABHO noATOTOBAeaHHx myp^ax a EotrAOBaHax, sanoAaeHHHX B O - ' 
A o l . PadoTH, BHnojiHeHBHe aa MecTopoa«GHaH 3 c c o , TAG dajia n p o d y -
peaH SaBGpOHHHG' CBBaSBBH, nOSBOJlHJIH HaMGTBTB HeCBOABBO BOAHOBHX 

npasaaBOB, xapaBTepanx AJia s o a Boai?eHTpaifl!B raAPOTepMaABBoa A e a -
TeABBOOTH. OcaOBHHMB flBJiaKTCa paspHBH BOppeAanBB npa yBGABHeaHB 

HacTOT AO 30 Tn,i aaoMaABBOG saTyxaaaG CGICMBHGCEBX BOJIB a pesBoG 
HSMeaGBHe aasymaxca CBopocTet a a BopoTBBX ynacTBax i5)0fjHJia, 

B* PGsyABTaTH BOMaAeBCHOfi reoAoraHecBOi HHTepnpGTaiaaB r e o -
$B3BHGCEHX AaaaHX aa 3CC0BCB0M MeCTOpOJKAGBHH TepMaABHHX BOA. 

SccoBCEBG a AaaBraacBBG TGpMonpoaBAeaaa oTaocaTca B GAaaoS. 
SccoBCBO-EHCTpaacBot raflpoTepMajiBaoa CBCTGMG a npaypoHGBH B B O -

AoaanopaHM nsAporeojiorHHecEHM CTpyBTypaM Tpemaaao-staABaoro Tana . 
ConocTaBAeaae reo^asaHGCBax AaaaHx a pesyABTaTOB dypeaaa 

nosBOJiHAO nocTpoBTB cBOABHe reoAoro-reo^BSHHecBBG p a s p e s a S C C O B -

cBoro MecTopoaAGaaa ( p a e , 2. ) . Ho eGS.eMaHecBBM AaaaHM aaadoAGG noA-
Bo npocAGseaa rpaaai ta co cBopocTaMH 2 , 6 - 3 , 6 B V e , BOTopaa x a p a a -
TGpasyGT EpoBJuo ByjiBaaorGBao-oeaAOHaHx odpasoBaaa l aJtHeicBoa C G -
p a a , Pjiydnaa ee saAGraaaa 30-I50M. BepxaaG. BPOMBB MaraaToaBTBB-
BHX T6A HMGIOT TG SG TAydBBH, H aGEOTOpHG OCAOSIHBHHa pGABG^a BpOB-
AB aJ ineicBoi TOAma npGACTaBJiaiOT c o d o i Aado BaTpysasaHG Aado S B C -
TpysHBBHG TGAa aBAGSHTOBoro HJIB pHOAHTOBoro COCTaBa (oAHa HS a a -
AGSBTOBHx SBCTpysBi BCBpHTa CBBaiHaoa 17 aa rjiydaaG 3 0 M ) , B p a s -
p e s e conpoTBBAGHBfi. cooTBeTCTByromaa r p a a a n a pasAGAa oTcyrcTByeT. 

Bepxaaa nacTB p asp G sa , xapaBTepasyiomaaca saaHGaaaMa cBopoc-
Tea. 2 , 1 - 2 , 8 B V C , cooTBeTCTByeT odBOAaeaaofi nacTB TOJUUH PHXAHX 

HGTBepTHHaHX OTAOKGHBI. BGpxBBa cetcMBHecBaa rpaaar ta (cEopocTB 
2 , 2 - 2 , 6 B M / C ) xopomo coBnaAaeT c aaimGg. rpaaanGfi, odAacia BHCOBHX 

.SHaHGHHS. BasymGToca conpoTBBJieBaa a sraasHEaeT ypoBGHB sajxeraaaa 
sepaaAa rpyaTOBHx BOA a a aAomaAB MecToposAGHHa. 

HHJEHaa ceiCMBHGCEaa ipaaa i i a OTMGHaGTca TOABBO B CGBGPHOS. n a -
CTB MGCTopoHWGHHa Ha rAydBBG 500-720M, r p a a a n a a a cBopocTB 4 , 0 -
4 , 6 B M / C . npGAnoAoaHTGABHO oaa OTBocHTca E BpoBAG BepxaeMGAOBoro-
naAeorGHOBoro ^yaAaMGHTa. 

nocBOABBy SccoBCBoe MGCToposwGaaG oTaocBTca B Tpcmaaao-sBJiB-
BOMy Tany, MaBCHMaABaoG BUBMaaaG dHAO yAGAGao Bi^eAGaaio T G E T O B B -



HGCBBX aapymGHBl pasaoro nopaABa* Ho BapTaM rpa^aaoB sepTHBaAB-
Hofi cocTaBJiaDmei MaraaTaoro nojia BHAGAGBH iQ)GAnoAaraeMHG SOBH aa-
pymGHafi. (pHC, 3 ), paA BOTopax noATBepsAea celoMopasBGAOHHHMH 
AaaaHMB, B soHax nopGCGHeaaa aapyinGHat pasABHHoro aanpaBAeaaa aa-
adOAGG BepoaTBO nojiyHGaae TepMaABBHx BOA, HTO noATsepsKaGTca yc-
nGfflBHM dypGHBGM CBBaSHH 12, 20, 7, 16, 17 B npGAGAaX UGHTpaABHO-

ro TeaTOHBHecBoro ysAa. SaaHHTGJiBBoe BOJIHHGCTBO HapymeHafi csasa-r 
HO C BHeAPGHBGM CydnAaCTOBHX H SBCTpySBBHHX T6A. OBB HMGBT paSHO-

odpasayio opaGBTaposBy a MaAyio rAydaaHOCTB. 
npa BHAGAGHHa yHacTBOB, nGpcneBTBBHHx aa odHapyxGHMG TGPMO-

BHBOAamax soa, yHBTHBaAca CAGAyBiaaa BOMniieBc npasaaBoa: a) Aaaefi.-
HHG OTpaDtaTeABHHe MarHHTHHG aaoMaJiaa; d) SOBH BBSBBX conpoTBBAG-
B H S , ECBajKGaBHG, HGHHTGpnpeTBpyeMHG EpHBHe B33; B ) SOBH noHHEea-
HHx rpaHBHaHX cBopocTei; r) TGEToaaHGCBBG Hapyineaaa no reo^asa-
HecBHM AaaHHM.- OABHM as nepBOOHepGABHX MGGT Ana saAOHGaaa cBsa-
aBH 6wi onpGAGAGB paloH npo$aJia II MaracTpajiB I (pae 3 ).. 3oaa 
noHBaeaaHx saaHGHat aasymBxca COIIPOTHBAGBHS, (AO 8 Q M . M ^ ) HMeeT 
SAGCB MBHaMaABHyro TAydaay OBOAO IOOM. MaaaivjyM MaraaTaoro noAa a 
aaoMaJiBa conpoTHEAGHHt OTpaaaEyr cBopee Bcero dABsnoBepxaocTHHe 
SOHH pacTGEaaaa TepMauBBHx BOA. H O MarMym^-^mm a cetCMBHSCEBM 
AaHBHM BHAGAGBH pasAOMH, yxoABmBG Ha TAydaay OBOAO IOOM. H O B T O -
poa cGfiCMaHecBoa. ipaaane oTMenaeTca noHaseaae rpaaBHHot cEopocTa 
AO 2,6 E M / C . CBBaaaaa 12, saAoaeaaaa B TOHBG ncpGCGHGHaa BHAGAGH-
EHX paSAOMOB AaAB SHaHHTGJlBBHa.. BOAOnpBTOB C TAydaBH OBOAO 600M 

npa TGMnepaTypG BOAH aa sadoG 74,5°C,. CXOAHHM coHGTaaaeM npasaa
BOB odAaAaioT ynacTBa, smGAGaaHe B paaoae npo^ajia 15 BTopot Ma-
racTpaaa a irpo^aAGi 12-14 TpeiBefi MaracTpaAa. B npeAGAax BUAGAGH-

BHX HaniiH nepcneHTHBBHx ynacTBOB dHJia npodypGHH 6 cBBaaaa, naTB 
as BOTopax (cBBasaaH 12,20,7 ,16 ,17) oBasaJiacB BHcoBO-npojî yBTBB-
BHMB C TGMnepaTypot a a rjiydaae 72-77°C. CBBaaaaa 18 AaJia MajmS. 
AGdBT apa TeMnepaType 53,6°C aa BSJIHBG, HTO CBasaao, HO-BHABMO-

jyQT, c TBM, HTO OHa dHAa saAOSGaa B cTopoae OT TGEToaHHecEHx a a -
pymeHBt, Bi^eAeaHHx no reo^asBHecBijM AaaHHr̂ i. AaaAoraHaHe pesyAB-
TBTH noAyneHH aa AaaBratcBOM a I^IPHOBOM MecTopoaAeaaax, CMeme-
Haa cEBaaaa no TexHOAorâ GCKBM i^aHaaaM OT yaasaaaHx TOHGB saAO-
aGBaa B paAG CAynaea HPHBOAHAO B aeysaHaM. 

TaBHM odpasoM, dypeaaG aa 3CCOBCBOM MecToposmGaaa noEasaAO . 
npaBHABHOCTB BpHTGpBGB BHdOpa nGpcnGBTBBaHX Ha TGpMaABHyE) BOAy 
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ynacTBOB. EoABmoG noacKOBoe saaHGaae BMBIOT SOBH noaaaeaaHx c o n p o -
TaBAGHBl (Meaee 20 O M . M . J . BoABmaacTBO cBBasHH, BCBPHBIIIBX H B S B O -

OMHHG S O B H , EMeiOT dOABfflOt AGdBT CaMOHSAHBa HpH BHCOEOt TGMHGpaTy-

pG BOAH (cBBasaaH 1 2 , 2 0 , 1 6 ) , CymGCTBeanHM oaasaAOCB pasMemeaae 
cBBaaaa B d i a s a HAH aenocpeACTBeaHO a a TGEToaaHecBHx Hapymenaax, 
BOTopne BHAGJiaAHCB no ceacMaHecBaM a MaraaTopasBGAOHi-iHM AaaaHM, 
KOCBGHHHMH npasaaBaMB CTeneaa asMeaeaHOCTa nopoA cAyaaAa aaTeacBB-
HOCTB OTpBiiaTGABHHX MarHHTHHX aHOMaJiHa B yMeaBmGHHG CBopocTB c e S -
CMHHecEBx BOAH, BcG SOBH, BHAGAaGMHe B EaHGCTBG nepcneETHBaHx, 
OTABHaiOTca aaoMaABHHr\ja xiapaMeTpaMH no BCGM asyHaeMHM •^^asBHecBBM 

CBOaCTBaJM. 

1 * 4 , 2 . 4 , 3aBAS)HGHae 

McnOABSOBaHBHa" BOMnAeEC rGO^aSHHeCBBX HCCAGAOBaHBa TGOTGp-

MaABBHx MGCToposAeaaa AaA cpeAaraio a î̂ iGBTHBHOCTB a a TPGX MGCTopoa-
AGHaax 6 0 ^ . PadoTH, CTOBMOCTB BOTOPHX p a a a a CTOHMOCTB OAaoa cEBa-
EBBH, nosBOJiajia s a A a s a i B BHcoKonpoAyETBBHHe cBBasaaH c SHcoBoa 
BGpoaTHOCTBiD yAaHHoro pesyABTaTa, EcTGCTBGaao, HTO reo^asHHecEae 
AaHHHG AOJiaaH paccMaTpasaTBca B coHGTaaBa c raAporeoAorBHecEBMa,. 
TGOMOpliOAoraHecEaMH i • CTpyBTypaHMH npasaaaaMB, nocBOABBy Aaae c a -
MHfi. noAHHt a a d o p onpodoBaaaax a npoBGpGHHHx apaTepaGB HG AaeT noA-
Hoa TapaHTHH y c n e x a ^ 

BHnOJlHGHHHG PGOfHSBHGCBBG BCCAGAOBaHBa HG BMGAH nGABK) BHaB-

AGBBG BOSMOSEIHX BCTOWHEOB Bai^GBa BOA* OABaBO, HaM .HpGACTaBJia-

GTca npaBOMGpaoa Tonaa spGHaa od ynacTaa B odpasoBaaaa raAPO^epM 
TenAOBHx noAGa BHTpysBBaHx BaMep a , BOSMoaao, nepafepBHecEHx Mai«-
MaTHHGCBHX OHaroB syjiHaBOB (jyia raAPOTepM Ha CEAonax aaTBBHHX s y -
ABaaoB, aaapHMep,- KomGAeBcBoro) [^;^J. r-HarMaTBHecBae o n a r a ByjiBa-
HOB AOJiJEHH paccMaTpBBaTBca a BaB HGnocpeACTBeBBHG acTOHHBBB r e o -
TepMaABHot s a e p r a a , B cEasa c HGM aaMa npoBOAaTca padoTH no a s y -
HBHHH). rJiydBHHoro cTpoeaaa paAa aBTamfflx ByAsaaoB KaMHaTEB f i -^J , 



nojipHcyHo^iiE wjmci/i 

' Pac . " . reoAoro-reo^asHHecBaa paspes no npo^ajuo 19 aa Ha- • 
paTyacKOM MeoTopoaAGaaa (no H.M.SafiUGBy, 1969). a - PGOAoraHGCBaa 
paspes no cBBaaaaaM 12-10: I - nGCHaaoraAGHHHG, rpaBaaaHe OTAO-

aGHaa; 2 - Ty^e anAesHTOB a aaAGSHTO-dasaJiBTOB; 3 - dasaABTH; 4 -
AHopHTOBHG nop^HpBTH; 5 - BBapnGBHe AaopHTH; 6 - aAGBpOAHTH; 7 -
aBAGSBTH; 8 - BOHTAOMGpaTH; 9 - SOHH APodAGHBa; 10 - paspHBBHG 
Hapymeaaa. d - PeosAGBTpaHfiCBaa paspGS a ipa(|iHBB AZ H A^ ; I -
TOHEH B33; 2 - rpaBHa;H ropasoBTOE conpoTBEJieBaa;, 3 - iipeAOMnaKmae 
rpaaa ip no AanaHr̂  KIIIB; 4 - TeBTOHaHfiCBae aapymeaaa no rGO^iasa-
H6CBHM AaHHHMj 5 - ipaHHIlH yHaCTBOB C paSABHHHM yAGJIBHHM COnpO-

TBBAGHHeM; 6 - JiBBBa adcipcc MHaHMyMOB p^ aa EpHBHx B33.. B - P a s 
pes BaKymaxca conpoTHBAeaaa 

Pac. £ . CBOAHHG reojioro-reo^HsaHecBae paspesH no npô »HAaM 
HepGS CBBaaHHH 6-I9(a) a I8- I5(d) . 3ccoBCBoro reoTepMaABaoro MGG-
TopowGHHa/^aiBTpaxoBaaH odAacTB noaaaGHHoro conpoTHBAeaaa, a;H$-
pH y CBBaaHHH osHanawT AGdaT, TGMnepaTypy ( B cBodaax) a Maaepa-
jLHsanaio ( B saaMeaaTeAe) TepMaJiBHoI BOAH. I - coBpeMeaaHe sajiyH-
HO-raAeHHHEOBHG peHHHe OTAoaeaaa; 2 - BepxHeHGTBepTBHHHe BOAHO-

ABAHHEOBHe OTAoseaaa; nopoAH annetcBoa cepaa;- .3 -^ ^ Ty5»H cMGrnaa-
Horo cocTaaa; 6 - Bpynao-odAOMOHaHe aaAGSHTo-dasaABTOBHG ly^m; 
7 - HGTEepTBHaHe SBCTpysHB a cydaAacTOBHG TGAa; 8 - pasAOMH, irpGA-
noAaraeiee a BcapHTHe CBBaaaaaMa, 

Pac, '6 . CxGMa paspHBHHX HapymeHaa 3ccoBCBoro reoTGpMaJiBHO-
ro jnnecTopojjyiGHHa no reo^asBHecaaM AaHHHMr I ~ TeEToaaHecBae a a -
pyiQGHaa no MarBBTO-pasBeAOHHHM AaaHHM;. 2 - pasAOMH no ceacMHHec-
BBM AaaaHM: a - aerjiydoBoro saEoaeHaa, d- no ocaoBHot npejiOMJiaio-
met rpaHBa;e; 3 - SOBH noHHSGHHHx sHaHGHHt p^ ; 4 - CEBaaaHH; 5 -
TepManBHHe acTOHHBKa 
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D'Amore., Panich i , 1980; Craig , 1963; Giggenbach, 1980; E l l i s , 

Makon, I9TT; Pournier , 1977l F r i d l e i f s s o n , 1979; Henley, E l l i s , 

1983; Makon, Mc Dowell, '1977; Lupton, 1976, Muffler, 1975; Nakamura, 

Sumi, Ozawa, 1977; Sigvaldason, 1966, 1979; Truesde l l , 1975; Trues

d e l l , S ingers , 1974; White, Muffler, Truesde l l , I97I ; White, 1957, 

1970, I98I a AP«). KOTopHG Rajm HOBHe saaHHe MaTepaajm, saaHHTeJiBHo 

pacmapeBmae a BO MHOPOM asMeHHBmHe paaee cymecTBOBaBmae upeACTaBJie-

HHa 0 pacnpocTpaHeHHH, cocTaee a reaesHce TepnajiBHHX Bofl. HojiyHGH-

HHe AaHHHe nosBOJunoT Tanae BHHBHTB Haadojiee nepcneKTHBHHe MGCTO-

poaAGHHH TepMajiBHHx BOA a naporHApoTepM c noMomBw ax xiiMHHecKot 

THiiHsarijiH a onpeAejiaTB rjiydaHHHe TeranepaTypH no reoxaManecKHM 

HHAHKaTOpaM. 

1 : ^ ^ . 1 KjiaccH$HKaiJ[HH TepM no ax xaManecKOMy cooTaBy 

a TBMnepaType 

EHJIO ycTaHOBJEeHO, HTO B saBHCHMocTH OT coHeTaHHH reojiorHHec-

KHX, rHAporeojiorHHecKHX, reoxaManecKHx a reoTepManecKHx ycjioBafl 

(|)opMHpyroTCH xapaKTepHHB THDH TepMaJiBHHx BOA a naporaAPOTepM. 3TH 

THiiH BHAGJiaioTCH HaMH iTpeaAB Bcsro no Hx rasoBOMy cocTaey a TBMne

paType, a AJia dojiee APO^^oro AeJienaa acnojiLsyioTca TaKae aHHOHHHt 

COCTaB a BBJiHHHHa MHHepajiHsauHH (Tadji. ) . Mx pasJiHHaa oirpeABJia-

lOTOa npOCTpaHCTBBHHHM nOJIOSBEHeM raAPOTepMaJEbHOH CHCTBMH OTHOCH

TejiBHO ByjiKaHaHBCKoro onara, ycjioBaeM es TBnjioBoro naTaHaa, nepBo-

HaHajiBHHM coGTaBOM BOAi nopofl, a TaioKB MarMaTHHBCKHX 3Kcrajiai];HH 

a HHTBHCaBHOCTBTO nOCTynJieHHH nOCJIBAHHX B nOASeMHHG BOAH. 



B pesyjiBTaTB ^opMapyioTCH pasjoiHHHe THIIH TepM, KOTopne MoryT 

dHTB HcnoJEESOBaHH AJIH TBX HJIH HHHX iipaKTHHecKHx D;ejiei. 

AaOTHO-MeTaHOBHB H MBTaHOBHB ^iJIOpMAHblB HaTpHBBO-KajIbltHBBHB TBp-^ 

MH c MMHBpajiHaaî MBt̂  AO 25 V/KV H TSMnspaTypoa OKOJIO 5 0 ° C aa rj iy-

dHHB I KM BCTpBHaiOTCfl BO MHOHHX paKOHaX TaXOOKBaHCKOM, CpBAHSBM-

HOMOpCKOM H B0CT0HH0-A(|)pMKaHCK0M npOBHHl^wa. O H H paSBMTH B apTBSHaH-

CKHB daCCBt^HaX MBarOpHHX BnaflMH H (|)OpMHpyK)TCfl OdblHHO BHB C(|)BpH aKTMB-

HOrO BOXABPICTBHH ByJIKaHMHBCKHX npOItBCCOB. K 3T0My THHy OTHOCHTCH, 

HanpHMSp, mzpOKO H S B B C T K H B MBTanOBHB M aaOTHO-MBTaHOBUe BOAH flnOHMH, 

BCKpHTHB B MMoqBH-njiMOî eHOBhix OTJioaBHHflX BnaAHH AKMTO H KaHTO Ha 

o.XoHCK), a TaiOKB HMBiOtRMe aHajiornHHHP^ COCTaB TBpMajifaHHB BOAH MBKCMKM 

pacnpOCTpaHBHHHB B KafiHOaoaCKMX OTJIOaeHHHX, odpaMJIfllOmMX KaJlM(|)OpHHM-

CKHM H MeKCHKaHCKHK SaJIHBH. B KOHTMHBHTBJIbHblX M MB«K0HTHH6HTaJIbHHX 

pa^TOBHX 30HHX C HB3JI0M OCaAOHHHX OOpOA, COABpaaiUHX 3BOnopHTH, npH 

BHBApeHHM MaHMaTMHBCKHX OHaPOB B apTBSHaHCKHe daCCBaHU C MBTaHOBHMM 

BOAaMH odpasyioTCfl HBodHHHWB MBHaHOBHB naporaApoTBpMbi C MMHBpaJIHSa-

I^MBK 200 T/KP H noBbnnBHHUM coAepaaHMeM pyAHHX KOMnoneHTOB (nanpuMsp, 

HBKOTOpbie rWApOTBpMaJIbHHe CHCTeMH pHd[)T0BbIX 30H KajiM^opHMMcKoro SaJIM-

Ba a BocTOHHoM A(|)PHKM) . 

AaoTHHB meJiOHHbiB (pH 8 - 1 0 ) , MajioMMHBpajiaaoBaHHHB (-*= 1,5 r/ j i) 

TBpMH c TBMnspaTypoa Ha BHXOAB HMKB TOHKM KuneHHH, a na rjrydHHB h -̂

Oet?aB I50°G! pacnpocTpaHBHbi npewMymBCTBeHHO B rMAporeojio^MHecKMX 

MaccMBax aa npeABJiaMH paaoHOB coBpsMBHHoro ByjiKaHwaMa. OdmaM sbiHoc 

TBHJia B onarax HX paarpyaKw MMBBT nopHAOK 10 Kaji/c. FaaoHacbimBHHB 

3TMX BOA HMBKae, r i B noHTH qsjiMKOM (95-99^ od) COCTOMT aa aaoTa. 

TspMH-HMBIOT HBpBXOAHHB 3HaHBHMfl Ek OTIO AO 160 MB. MBCTOpOaABHHfl 

aaOTHblX TBpM (|)OpMHpyH)TCH B 30HaX ApodJIBHHH MarMaTHHBCKHX H MBTaMOp-

$HHecKMX nopoA paanoro BoapacTa. HanpwMep, B McJiaHAMM YI ITH TBPMH 

npaypoHBHH K rjiydwHHHM paajiOMaM B MMOÎ BH - HHaHBnjiHOUBHOBbix njiaTO-

daaajibTax (MCTOHHMKM paiioHa PeaKBHBHKa M A P * ) * TBPMU SToro Twna a c -
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jsHXKSKiffiEMH Hcnojibai-.yroTCH AJIH TenjiocHadaBHHH AOMOB M TBHJiPm, a TaKEB 

AJIH daccBMHOB. 

yrjiBKMCJiHB ruAPOTBPMH (^p 75°C) paajiHHHoro aoHHoro cocTaBa, c 

MHHepajiMaaî HBa odbiHHO MBHBB 10 r / j i pacnpocTpaHBHw B paaonaaf c aaTyxa-

lOmBa ByJIKaHHHBCKOM AGHTBJIbHOCTbK) H / H J I M MHTBHCHBHUM paaBMTMBM Ha TJiy-

dwHB TepMOMBTaMop̂ HHBCKMX npoqBCCOB. OHH xapaKTBpaayioTCfl cydHBa-

TpajibHoa pBaKUHBii (pH 6-8) H anaHBHHHMM Efl OT 0 AO 250 MB. CpBAH 

yrJIBKHCJIbK TBpM HawdOJIBB naCTO . BCTpBHaiOTCH rMApOKapdOHaTHHB HaTpH-

BBU6 (XapaKTBpHbIM MX npMMBpOM B McJiaHAMM HBJIHIOTCH MCT0HHHKH JiMCyXOAJIb) ; 

MBHBB pacnpOCTpaHBHbl CyJIb(|)aTHH6 yrJIBKHCJIHB TBpBH (nanpHMBp, HCTOHHM-

KM BMTBpdO B MTSJIMM) M XJIOpMAHHB TSpMU (HaJIblHBBCKMB MCTOHHMKM Ha KaM-

HETKB M A P « ) ' TBpMU STOrO TMOa fflMpOKO MCnOJIbayKTCH B KypOpTHOM AGJIB. 

yrjIBKMCJIHB M aaOTHOryrJIBKMCJIHB HMaKOMMHBpajIMaOSaHHHB napOFMAPO-

TBPMH C paajIMHHUM COCTaBOM M TBEmBpaTypoK 2 0 0 - 3 5 0 ° C (|)OpMHpyH)TCfl B 

C(|)BpB BJIMHHMH aKTMBHbK ByJIKaHMHBCKMX OHaTOB B BOHaX TBKTOHMHBCKMX 

HapyiDBHMa. B aaBMCMMOCTM OT COOTHOmBHHfl BOAHOFO M TBRJIOBOrO HMTaHMH 

OHM noApaaABJiHioTCfl a a rnApoTBpMajibHHB CMCTBMU C npBodjiaAaHMBM BOAH 

MJiM napa. 

AaoTHO'-jrrjiBKHCJiHB naporMAPOTB£MH (JiopMHpyiOTCH B aonax rjiydoKMX 

TBKTOHHHBCKHX P ; HapyfflBHMa B BOCCTaHOBMTBJIbHHX yCJIOBHflX. OHM BOB OT

HOCHTCH K CMCTBMaM c npBodJiBAaHMBM BOAH M paappyaaiOTCH Ha AHBBHOa 7" 

nOBBpXHOCTM B BMAB BHCOKOABdHTHbK KMnHlIlMX MCTOHHMKOB M TBaaBpOB. C o -

ABpaaHMB raaoB B HMX odbiHHO HB npesbiniaBT 50-100 MJI/JI. B pw^roBbiX; 

aoHax McjiaHAMM (pMC.I) naporwApoTBpMH TaKoro Tnna MMBIOT PMApoKapdo-!; 

HaTHbia MJIM CyJIb(|)aTHbia HaTpMBBUa COCTaB C MMHBpaJIMaa]J(H6a MBHBB 2 , 5 v / j l 

M pH = 9 (BojibffloK FBMaap, AypxBBp). 

B paaoHax coBpBMBHHoro ByjiKaHM3Ma ocTpoBHux Ayr HaadojiBB xapaK-

TBpHHMH HBJIfllOTCfl aaOTHO-yPJIBKHCJIblB napOrMApOTBpMbI, OpBMMyii^CTBBHHO 

xjiopMAHoro HaTpMBBoro cocTasa c MaHBpajiMaaî MBa 1-6 r / j^ (HanpMMBp, 

J],ojiMHa FBaaBpoB M riayaBTKa Ha KaMnaTKB M AP* ) • 

yrjiBKMCJiHB naporMApoTBpMH odpaaywT rMApoTBpMajibHWB CMCTBMH ^ 

KaK c npBodJiaAaHMBM napa, TaK M C npBodjiBAaHMBM BOAH. B MBCTopoa-'-



4. 

ABHMHx c npBodJiaAaHMBM napa (JlapAftpBJiJio H MOHTB AMnaTa B MTajiMM, 

HMaHB-KofflBJiBBCKMB Ha KaMHaTKB, Kaeax-KaMOAaaHr B MHAoneaMM M A P « ) 

MMH6pajiM3aL(Hfl (|)JiK)MA0B odbiHHO HMMB I T / J I , a KOHABHcaT napa MMBBT 

TMApOKapdOHaTHbia MJIM CyJIb(|)aTHbia HaTpMBBbia COCTaB npM nOHTM nOJIHOM 

OTCyTCTBMM XJIOpMAOB. B MBCTOpOKABHHHX C HpBOdJiaAaHMBM BOAH OBpOA-

JI6HAC, KaBBpay, BaMpaKBM B HoBofi 3BJiaHAHM, JIoc yMBpoc, JIa HpHMaaBpa 

B MBKCHKB M A P « ) napoPMApoTBpMH, KaK npasMJio, MMBIOT XJIOPMAHHM HaTpM

BBbia COCTaB, a HX MMHBpajiMaanMH noBbmiaBTCH AO 5 r / j i . 

OdmMM BHHOc TBHJia B OHapax paarpyaKM yrjiBKMCJiHX M aaoTHO-yr-
ry 

JIBKMCJIbK napOPMApOTBpM COCTaBJIHBT 10 KSJl/c. OHM MOPyT HpMMBHHTbCH 

AJIH BCBX BMAOB HCnOJIb30BaHMfl, HO HamB Ha MBCTOpOaAGHMHX BTOPO TMHa 

CTpOHT FBOTSC. 

GBpOBOAOpOAHO-yrJIBKMCJIbIB TBpMH HpHypOHBHbl K aKTMBHblM ByJIKaHMHBC-

KMM annapaTaM. OHM odpaayioTCfl B OKMCJIMTBJIBHHX ycjiOBMHX B MBCTax no? 

CTynJIBHMH B nOA3BMHbI6 M HOBBpXHOCTHHB BOAH (|)yMapOJlbHbIX M COJIb$aTap?^, 

Hfe/x raaoB (H2S , CO2, HCI, HF, SOp M T . n . ) H nocjiBAy,<«mBro saaMMO-

ABaCTBMH CMJIbHOKMCJIHX (pH ^ . - I ) paCTBOpOB C ByJIKaHMHBCKMMM HOpOAaMM. 

TBMHBpaTypa naporaaoBHX CTpyM B KpaTBpax aKTMBHHX ayjiKaHOB AOCTwraBT 

MHO PAa 700°C, a TBMOBpaTypa ^yMapojibHbix MCTOHHMKOB HMKB MJIM pasna 

TOHKB KMOBHMH. CBpoBOAopoAHO-yr.a6KMCJibiB TBpMu ABJiHTCfl Ha ABa xapaKf-' 

TBpHHX noATMna: 

1) nOBBpXHOCTHOrO $OpMMpOBaHHfl > KMCJIU6 ( E k OT ' . -300 AO 0 MB) 

cyjib(|)aTHbiB CO cJioaHbiM KaTMOHHHM COCTaBOM M MMKBpajiMaaqMBK AO 20 r / j i ; 

2) rjiydMHHoro (|)0pMMp0BaHHfl - KMCJIHB M yjibTpaKMCJiHB ( E l v OT -350 AO 

600 MB) XJIOpMAHHB (xJIOpHAHO-CyJIb(|)aTHHB) CO CJIOaHbIM KaTMOHHbIM COCTa

BOM ( c F B , AI, H M AP') w MHHBpajiMsaqHBa AO 35 r / j i . 

••̂ yrjiBKMCJio-BOAopOAHHB ("soAopoAHbiB") napoFMApoTBpMH (AO 350°C') 
npMypOHBHH K OKBaHMHBCKMM pM$TaM. OHM $0pMHpyK)TCa UOR BJIMHHMBM MaH-

TMMHHX pacnjiaBOB M BHCOKOTBMnBpaTypHHX ByjiKaHMHBCKMX QuaHauyiPi. B MX 

raaoBOM cocTaBB B aHanMTBJibHOM, a MHorAa rocnoACTsyiomBM KOJIMHBCTBB 

npMcyrcTByBT Hg (KpoMB Toro , B HMX coABpaaTca COg, HgS > cA/̂  w Apy-
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PMB p a a n ) . "BOAOPOAHHB" TBPMH, aaKjnoHBHHbiB B daaajibTax OKBaHMHBCKoa 

KopH B noABOAHHX ycJiOBMflX, npBACTaBJifliOT codoa, B OCHOBHOM, HaPpBTHB 

MOpCKMB B O A H . B HaABOAHOa KB HaCTM pM$Ta B MCJiaHACKOa GpBAMHHOa HBO-

ByJIKaHMHBCKOM aOHB ( p M C . D s T O - Mil/lOMMHBpajIMaOBaHHHB ( < I P / j l ) 

paCTBOpH, OTJIMHaiOmMBCH nOBHmBHHHM COABpaaHMBM KpBMHBBBMa M OTCyTCT-

BMBM B aHMOHHOM COCTaBB XJIOpa. B KOHABHCaTSX 3THX CTpya odblHHO BBAy-

myro pojib MPpaiOT SO^, HCJOgjcATŝ  • Hpn BHXOAB na RueBH-yv) noBBpaiHocTb 

TBpMH 3T0P0 TMOa XapaKTBpM3yK)TCH HM3KMMM aHaqBHHHMM E k (OT - 3 0 0 AO 

0 MB) M CJiadomBJIOHHOa pBaKI^MBK. FMApOTBpMaJlbHHB ••: CMCTBMbI C OpB-

odjiaAaHMBM Hp B cocTaaB paaoB (HBCbflBBAJiap, HayMa(|)bHAJib, Kpadjia B 

McjiaHAMM, FcaaBpH CanoMa B CM M AP^') OTJiMnaiOTCfl HaMdojisB BHCOKMM 

TBHJIOBblM nOTBHItMaJIOM Ĉ AO 10 KSJl /c ) M TBMnBpaTypOM Ha PJiydMHB HB-

CKOJIbKO C O T MBTpOB A O 3 5 0 ° C . HOBTOMy OHM paaPpyaaiOTCfl Ha nOBBpJSHOCTM 

3BMJIM B BMAB MOmHHX PaaOOapOBOAHHHX C T p y a . 

TBOJIOBaa MOmHOCTb MBCTOpoaAGHMM BTOPO TMHa n03B0JIflBT CTpOM-

TBJIbCTBO 3A6Cb KpynHHX F B O T 3 C . 

G^B^H$HHBCKafl ppynna dBpsposHX TBpM BCTpBHaBTca na nodBpBabflx 

MOpBa (MJIM MMHBpajIMaOBaHHblX OBBp) , PAB MHOPAa COaAaiOTCa yCJIOBMH AJIH 

nOCTyOJIBHMfl COBpBMBHHbDC MOpCKMX (MJIM OBBpHUX) BOA B HaXOAHmMBCfl B 

dspBPOBOa 30HB PMApOTBPMaJIbHHB CMCTBMH. TaKMB dBpBPOBHB TBpMbI p a a -

jiMHaiOTCfl no CBOBMy paaoBOMy cocTasy, HO MX MOHHO-cojiBBoa cocTas A O -

BOJIbHO OAHOOdpaaBH. Ha MOpCKMX OOdBpBabHX OH XJIOpMAHHK HaTpMBBO-

KaJTbl^MBBHa C MMHBpaJIMSaqMBa OdHHHO AO 3 5 P / K P MJIM HBCKOJIbKO BbllDB 

(HanpMMBp, PMApOTBpMaJIbHHB CMCTBMH PBaKbflHBC M Mca$bOpAyp B MCJiaHAMM 

M FopHHMa rijiHa Ha o.KyHamMp). 

MCTOHHMKaMM TBHJia COBpBMBHHHX PMApOTBpM HBJIHIOTCH BO BCBX CJiy-

Haai( pBPMOnaJIbHOB T S H J I O B O B H O J I B , a B OCOdBHHO MOmnnX PMJUpOTBpMajIbHHX 

CMCTBMaX BmB M JI0KaJIH30BaHHHa TBIUIOMaCCOnOTOK Ma MaHTMM. TCHJIO-

BHB napaMBTphl aaOTHHX, yPJIBKHCJIHX M MBTaHOBHX PHApOTBpM COPJiacyiOT-

Cfl C MOABJIbK) HaPpBBa 3TMX BOA B $OH0BOM PBOTBMHBpaTypHOM HOJIB B 

npBABJiax BBpxHMX 2 - 2 , 5 KM paapBaa, BMBmaromax MX PMAPOPBOJIOPMHBCKMX 
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CTpyKTyp. TBnjiOBaa aB MomnocTb BHCOKOTBMnBpyrypHbix BOAopoAHHx; MBTa-

HOBHX, CBpOBOAOpOAHO-yPJIBKMCJIHX H aaOTHO-jnTJIBKMCJIHX OapOPHApOTBpM, 

KaK noKaaHBaTOT pacHBTH, (KOHOHOB, 1983) , HB MOKBT dnrb odBcnBHBHa TOJIB-

KO a a C H B T CbBMa :" nOASBMHHMM BOAaMM ( | ) 0 H 0 B 0 P 0 KOHAyKTMBHOPO TBHJIOnOTO-

Ka. B 3TMX cjiynaax, no-BMAMMOMy, MMBBT MBCTO vix^ 6i) jiMdo nocTynjiBHMB B 

PMApOTBpMaJIbHyiO CMCTBMy BHCOKOSHTaJIbnMaHOPO PJiydMHHOPO (|)JIK)MAa, JiMdo 

BB AOnOJIHMTBJIbHHa KOHAyKTMBHHa npOPpBB OT HBPHydOKO aajIBPaiOmMX MaPMa-

TMHBCKMX OHaHOB. 

FjiaBHHMM MCTOHHHKaMM BOAH COBpBMBHHHX PMApOTBpMBJIbHHX CMCTBM 

HBJIHIOTCH HH$MJIbTpyK)mMBCfl BPJiydb aTM0C(|)BpHH6 OCaAKM, HO B HBKOTOpHX CMC-

TBMaX npBOdJiaAaiOT BOAH (•: MOpCKOPO PBHBBMCa. Ho COBpBMBHHHM npBACTaBJIBr' 

HMHM AOJIH MaPMaTMHBCKOPO (|)JIIOMAa B BOAHOM dOJiaHCB HaMdOJIBB MOUPblX PMA-

pOTBpMaJIbHHX CMCTBM OdblHHO HB dOJIblDB 5 - 1 0 % . 

OCHOBHaa HaCTb paCTBOpBHHHX B BOAB BBmBCTB aaMMCTByBTCfl MB 

BMBmaromax nopoA JiMdo nocTjmaBT B PMApoTBpMajibHyio CMCTBMy BMBCTB C C B -

AHMBHTOPBHHHMM M COBpBMBHHHMM MOpCKMMM BOAaMM. AHpMajIbHO dOJIblUHe KOH-

i;BHTpai](MM pyAHux SJIBMBHTOB, odHapyaBHHHB B TBpMajibHHX paccojiax COJITOH 

CM M B HBKOTopHX TBpMsx OKBaHMHBCKOPo AHa (KpacHOMopcKMa M FajianapoccKMl^ 

PM(|)T, TBpMOnpOHBJIBHMB Ha 2 1 ° C D I . 1 0 9 ° a . A ^ ) . T a K a B , n o HafflBMy MHBHHK), 

CBHSaHH npBaAB B C B P O C BHmBJiaHMBaHMBM BMBmaiOmaX nOpOA BHCOKOMMHBpajIM-

BOBaHHHMM XJIOpMAHblMM HaTpMBBO-KajIbnMBBHMH paCCOJiaMM B yCJIOBMH^ BHCOKMX 

TBMDBpaTyp.( FjiaBHHMMX&aKTopaMH, onpBABJiHiomMMM xapaKTC^p^ M MacmTad 

PM30PMAp0TepM£UIbH0a ABnTBJIbHOCTM HBJIHIOTCH PBOJIOPMHBCKOB CTpOBHMB M CO

CTaB nOpOA, PMApOPBOJIOPM^BCKMB OCOdBHHOCTM PHApOTBpMajIbHOa CMCTBMH, 

cymBCTByromMB B HBa P-T ycJi(™H, cocTas , TBunBpaTypa M AS-BJIBHMB pjiydiiiH-

HblX MSLPMaTMHBCKMX jKCPaJIHnMa HHlHTBHCMBHOCTb HX nOCTyiUIBHMH B 

^nOABBMHHB BOAH. 

CpBAH npOI^BCCOB, (|)OpMMpyramMX COCTaB TBpMBJIbHHX BOA CnBi;H(|)MHBCKMMM 

AJIH paaOHOB COBpBMBHHOPO ByHKaHMSMa HBJIHIOTCH npO^BCCH, CBHSaHHHB C 

(|)aaOBblMM ncpBXOAaMM nOASBMHHX B O A . TaKMB (JaaOBHB npBBpamBHMH PMApOTBpM 

HadjnoAaroTCH odbiHHO B npHnoBBpj*JHOCTHoa BOHB onarPB HX paappyusKM, PAB 

npOMCXOAHT BCKMnaHMB H ABPaaaHHH BHCOKOTBMnBpaTypHblX BOA. HpM 9T0M 



KOMnoHGHTH xHMHHecKoro COCTaBa TepM nepepaciipeAejiHioTca noBceMecT-

Ho. 3TO npeaAe acero nponeccH, ^opMapyiomae nocTynjieHae BemecTBa 

B pacTBop (raaoHacHmeHae BOA, BHrnejianHBaHae a pacTBopeHae BMemaio-

max nopoA). 

TaKHM odpasoM, B odJiacTax coBpeMeHHoro ByjiKanasMa, OTJianara-

maXCa THHOM SGMHOt KOpH M HHTBHCHBHOCTLIO npOHBJieHHH reOTepMaJZLHOt 

aKTHBHOCTB HOA BOSAeHCTBHeM nepeHHCJIBHHHX BHTIIG $aKTOpOB H I i p o n e C -

COB OAHOBpBMBHHO H HesaBHCHMO APy^ OT A P y r ^ $OpMHpyK)TCH Cnei lH^H-

HBCKae TepMajiLHHe ^JIIOHAH, cymecTBeHHo pasjiHHaromHBca no cocTaBy 

coAepaamaxcH B HHX rasoB, pacTBopeHHHX cojiea, BBJiHHHHe pH a Eh,, 

odmea MHHepajiHsanHH a TenjioBHM napaMBTpaM. HayneHHe odmero aaa-

jiHsa H, B ocodeHHocTH, rasoBoro cocTaea raApoTepM cpasy MoaeT 

ABTB OTBBT Ha nepcneKTHBH HX HcnojiBsoBaHHa. TaK, HanpHMep, TepMH 

C aSOTHHM COCTaBOM pasoB odjiaAaioT CJIHIIIKOM HHSKHM AJIH CTPOHTBJILC-

TBa r8oT3G TenjioBHM noTenuHajioM. HaodopoT, npHcyTCTBae B cocTaBe 

r a s a B saMeTHHX KOJiaHecTBax BOAopoAa yKasHBasT odHHHo aa BHCOKHB • 

TenjioBHe napaivieTpH AaHHoa raApoTepMajiBHOH cacTeMH. Eojcee TOHHO 

onpeABJiHTB pjiydHHHHe TBMnepaTypH Moaao c HOMOHCBIO raApoxHMHHecKHx • 

reoTepMOMBTpoB. 

BHcoKaa MHHepajmsanaH HJIH noBHmeHHaa KHCJIOTHOCTB TepManBHHX 

pacTBopoB, coABpaaaae B HHX IIBHHHX HJIH apeAHHX KOMnoneHTOB yna-

3HBaiOT Ha HeodxoAHMocTL irpaoHJEbHoro BHdopa TexHHHecKax CPBACTB 

no jsffiEfHBHHio H HcnojiL30BaHHK) noAodHHX TopM. t̂ iajniBHpyĵ ;XHMggreCKHt 

Gi3&¥aB-/-H-¥QMBeffQTypy HOTowaKeBrrMosafe-SHpaHee onp&AeJiH'i/L nparoA'^ 

HOCTK AaHHMJC-^HAPOTOpM A-^H-TBPe-HJB^-^HQ-rtr-Bafla HCnOJILSOPaHH^ 

1 . 3 . 3 . 2 reOXHMHHBCKHe HHAHKaTOpH PJiydHHHHX 

TBMnspaTyp 

rHAPOXHMHHBCKHa MBTOA OnpeABJIBHaH PJiydHHHHX TBMHBpaTyp B 

rHAPOTepMajiLHHx CHTGMax nojiyHHJi doJiBmoe pacnpocTpaHeHHB. CymnocTB 

MeTOAa saicjnoHaeTca B pacneTe TSMnspaTypn npoAyKTHBHoro ropasoHTa 
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no AaHHHM XHMHHBCKoro onpodoBaHHH noBepxHOCTpHx TepMonpoaBJiBHHfi. 

PaccMaTpHBaeMHH MBTOA B paAe cjiynaeB nosBOJiHeT dea noHCKOBoro 

dypBHHH BHHBHTB HaHdojiBe nepcneKTHBHHB ynacTKH PHApoTepMaJEtHoro 

MecTopoaABHHH. ycneuiHoe npHMeaeHHe yKasaHHoro MeTOAa onpeAeJiHeTCH 

irpaBHJIBHHM BHdopOM rHAPOXHMHHeCKOPO HHAHKaTOpa. PeOTepMOMBTpH MoryT 

dHTB pasAeJiBHH Ha HOHHHe, rasoBHB H HsoTonHHB, a Taicae HetTpajcBHHx 

HOHHHX nap (cJiadOAHCCOnHHpOBaHHHX COeAHHeHHt). K HHM OTHOCHTCa: 

coABpaaHHB pacTBopeHHoro KpeMHeaeMa; BejiHHHHH .i^_/K aTOMHHx H 

HOHHHX OTHOmeHHH; J,/fl,/K/Ca - MOJIBHOB OTHOfflGHHe, H30T0nHHe oTHome-

HHH d t ) , a o t ^ , ^C^^ . 

KoppejianaoHHaa CBHSB MeaAy TeMnepaTypcS a TBM HJIH HHHM PBO-

TepMOMBTpoM ycTaHOBJieHa sKcnepHMeHTajiLHo H aaTypHHMH HadjnoAGHHHMH. 

Ha noKasaHHH reoTepMOMSTpoB oKasHBaiOT BJIHHHHB ^HSHHBCKHB H XHMHHBC-

KHe $aKTopH. K nepBHM OTHOCHTCH TSMnepaTypa, AasjieHHe, cKopocTB 

noTOKa PHAPOTepM, BpeMa cyiecTBOBaHHa CHCTeMH a AP* Ko BTOPHM -

MHHepajiornHecKHH a xEManecKHa cocTas nopoA, napnaajEbHHB AaajreHaa 

rasoB, pH,H AP» McKaaaramee BJIHHHHB ^HSHHBCKHX (|)aKTopoB B oneHKB 

TBMnepaTypH Moaao CBBCTH K MHHHMOMy, HcnoJiBsya BejoiHHHH oTaQmeHaft 

KOMnOHGHTOB npHMeHHTBJEBHO K PHAPOXHMHHBCKHM PGOTepMOMBTpaM. CjIOa-

H6B yneCTB BOSAeHCTBHB XHMHHBCKHX (|)aKTOpOB. SABCB B Kaaĵ OM OTAG-

JiBHOM cjiynae AOJraHa BBOAHTLCH nonpaBKa, ycTanoBJieHHaa npn naTypHHx 

HadjnoABHHHX HJIH 3KcnepHMeHTajiBHo. 0 HaAeaaocTH TOPO HJIH HHOPO r e o -

TBpMOMBTpa MOaHO CyAHTB, CpaBHHBaa paCCHHTaHHHB no HGMy TBMllBpaTy-

PH C H3M6P6HHHM B CKBaaHHaX yae HSyHBHHHX MBCTOpoaABHHH TSpMaJEb-

HHX BOA. 

KojiHHBCTBeHHaa onsHKa PJiydHHHHX TBMnepaTyp c noMomBio reoTep-

MOMBTpOB npOHSBOAHTCa HO CJIBAyiOmHM $0pMyjiaM. 

I . PacHBT no cHJiHKaTepMOMBTpy B HHTepsajie TBMnepaTyp OT 0 AO 

250° (npH 5i02 MP/HgO KP) no $opMyjiaM P.^pHBe (Pournier , 1977) 

731 
no aMop$HOMy KpeMHeseMy t°G = 273,if (D 
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7RT 

|3 -KpacTodajiHTy t°c = - 273,15 (2) 
^ 4,51 - IgC 

a^ -KpHCTodajEHTy t o « " • : „ . —-; - 273,15 (3) 

4 , 5 1 - IgC 

IOOO 

•4,76 - IgC 

1032 

-4,69 - IgC 

^ III2 

xajmeAOHy t°G = - w _ - i _ _ ^ 273,15 (4) 

.J.O _ /»r III2 ^^^ ^ ^ ^ 
4,91 - lgSi02 " ^'^^'^^ f"^^) 

KBapny (npn KOHAyKTHBHOM oxjiaaAeHHH pacTBopa) 

*°0 = - 5 , i 9 ° ! igG - 273,15 (5) 

KBapny ;('npH.v:aAHad'aTHHecKOM oxjiajKAenaH pacTBopa) 

n 1522 
^ G = -5,75 ^ IgC -̂  273,15 (6) 

I I . PacHGT no Na /K-TepMOMeipy (Mpr/ji) B HHTepsajiB TBMnepa

Typ I00-245°C no $opMyjie Jli.yaHTa H A.Sjumca ( white , 1970) 

o 855,6 
* ^ =• -IgNa/K + 0,8573 " ^"^ '̂"^^ "̂̂ ^ 

no (|)opMyjie P.^ypHBe H A.TpycABJUia ( f o u r n i e r , fptuesdell , 1973) 

777 
^OQ ^ „ 373,15 (8) 

IgNa/K + 0 , 7 0 

no (|)opMyjiB C.ApHspcoHa a E.PyHJiaypcoHa (1983) B HHTBpBajie 

TBMnepaTyp 25-250°C 
933 

' ° ' ^ 0 , 9 9 3 . i s Ma/K- - ^ " ' ^ CS=̂ ) 

HI. PacHBT no .y(yC^K/Ca-TepM0M6Tpy (MOJIL/JI) 

no $opMyji6 P.^ypHBB H A.TpyCASJEJia (Pourn ie r , Sruesde l l , 1974) 

* ^ = lgCNa/K)+ IgC Ga/M)+2,24" '̂̂ • '̂"^^ ^^^ 

* no (|)opMyjie CApaepcoHa H E.PyHJiaypcoHa (1983) B HHTepaajie 

TeMnepaTyp OT 25 AO I80°"C 
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npn f> = 4/3; Yc^Na>I; t^aoo^G; 

npH jS = 1/3; l/Ga/Na<I; t>IOO°G. 

T.EaHBC ( P a c e s , 1 9 7 5 ) OdHapyaHJI CHCTBMaTHHBCKOB OTKJIOHBHHB 

H3MepeHHHX TBMnepaTyp OT paccHHTaHHHX no ^opMyjie (9) B Tex cjiynaax, 

KOPAa TBMnepaTypa HCTOHHPiKa HHas 70°C H napnaajiLHoe AaBJieHae COg 

dojiBB 10 aTM. MM irpeAJioaeH nonpaBOHHHa Kos^^anneHT I = - 1 , 3 6 -

0,254 • PCO2 » 0 yHBTOM KOTOpoPO 3Ta g[)opMyjia npHMeT BHA ( T r u e s d e l l , 

1976) 

npHMeHBHHB TOH HJIH HHOH (|)OpMyj]H saBHCHT OT TSMHSpaTypH, 

pasoHacHmBHHOCTH H ABdHTa HccJiBAyeMHx HCTOHHHKOB-.-BHdop Haadojiee 

noAXOAamet liopMyjiH npoHSBOAHTca no cjiBAyiomBH cxeMe: 

I . Kanamnfi HCTOHHHKH PacHBT BBABTCH no ^opMyjie 

1. C HH3KHM ABdHTOM (.<3 JI/CBK) 

C HH3KHM PaaOBHM $aKTopoM (<0,06^) (4) 

C BHCOKHM PaSOBHM $aKTOpOM (>0,06^) (5) 

2. C BHCOKHM AedHTOM (>3 JI/CBK) 

C HH3KHM PaSOBLM $aKTOpOM (6) 

C BHCOKHM rasoBHM $aKTopoM (5), (7), (8), (9) HJIH(IO) 

n. HeKHnamne HCTOHHHKH 

1. C HH3KHM ABdHTOM 

C HH3KHM PaSOBHM $aKTOpOM (7),(8) 

c BHCOKHM pasoBHM (paKTopoM ( I ) , ( 2 ) , ( 3 ) H (9)(npH 100° 

2 . C BHCOKHM AedHTOM 

C HHSKHM paaoBHM q[)aKTopoM (9) 

c BHC OKHM ras OBbiM $aKT op OM (7) , ( 8 ) 

OdHHHO OXJiaaABHHB PHAPOTSpM HO HyTH HX ABHaBHHH K oHapy pa3-

ppysKH npoHcxoAHT BCJiBACTBHe cMemeHHH BOA, pesKo OTJnaHaiomHxca no 

TGMnepaTypB, HJDI a e B pesyjEtTaTe ax MeAJceHHoro KOHAyKTHBHoro o x -

—.pKAGHHa. B nepBOM cjiynae AJIH BHdopa Menee pasdasjieHHoro XOJIOAHHMH 
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BOAaMH acTOHHHKa npHMeHHeTca xjiopKapdonaTHoe oTHomeHae (OHO dyAST 

BHfflB B Menes paadaBJieHHHx BOAax), a oneHKy TBMnepaTypH npoBOAHT 

no (|)opMyjiaM (5) H ( 6 ) , depa cpeAHioio. Bo BTopoM cjiynae TBMnspaTypy 

oneHHBaioT no $opMyjie (5 ) . 

npoPHos TBMnepaTyp c noMomtio PBOTBPMOMBTPOB AJIH HHSKOTBMnepa-

TypHHX MajioAedHTHHx BOA HaHMenes Tonen, nocKOJE&Ky dyABT CKasHsaTt-

CH BJIHHHHe BCBX $aKTOpOB, npHBOAHmHX K OXJiasmBHHIO paCTBOpa. HpH 

3T0M aBJiaTBJiLHo npHBJieHeHHB APyrax npnsHaKOB, yKasHBaramax Ha TBMne-

paTypy. TaK, HanpHMep, HajiHHHB petsepHTa BOKpyp HCTOHHHKa MoaeT 

cjiyaHTL CBHAGTejiLCTBOM BHCOKHX TeMnepaTyp HBAP B HacToamee BpeMa 

HJIH B HBAaABKOM npOIUJIOM. HpHCyTCTBHe JKQ TpaBspTHHa yKasHBaeT Ha 

CpaBHHTBJEbHO HH3KH6 PJiydHHHHB TBMHBpaTypH. OAHaKO TOHHyiO KapTHHy 

nojiyHHTL TpyAHo. EoaTOMy npn npoBBABHHH peoxHMHHecKoro onpodoBaHHa 

BCBPAa cjiBAyeT cTapaTBca dpaTB npodn BOAH H3 Handojiee BHcoKOTBMne-

paTypHHX H BHCOKOAedHTHHX HCTOHHHKOB. 

HpsAnojiaraa, HTO pasn B njiacToanx ycjioBHax HOJIHOCTBIO pacTBO-

PBHH B BOAe, MOaHO nepBHTH OT napUHaJIBHHX AaBJEBHHH K KOHnBHTpanHHM 

B MOJiax Ha KP BOAH a npeAJioaHTB cjieAyiomae PBOTBPMOMBTPH (Tapaa, 

1988): 

COg-PeoT.epMOMBTp (x; B MOJIB/KP) 

IgX^Q ^ 5,94 - 403'6/T, r = 0 ,85 , 

PAB r - K03$$HnHeHT KOppBJIHnHH; 

HpS -PBOTepMOMBTp 

Ig XH^S = 5,85 - 4568/T, r = 0 ,92, 

H2-reoTepMOM6Tp 

Ig XH = -6,51 - 5I56/T, r = 0,87 . 

JIAH HCJiaHACKHX PHApoTspM H2-reoTepMOMeTp HMBBT HGCKOJIBKO HHOi BHA 

Ig XH2 = 5,31 - 4723/T, r = 0 , 9 3 . 

JloBOJiBHo cjioaayK) KOMdaHanaio KOHnBHTpanaH Bcex pjiasHnx KOMnoHBHTOB 

PBOTBpMaABHHx pasoB (KpoMB asoTHHx) HpBAJiaraioT Jl.AMope H HaHHKe 
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( /5gO ) ; 

t°G = 24447 / ( 0(̂  + J ^ - 36 ) , „ ^ 
^ ^ GHA . , H2 ^2^ 

TAB a. = 2 Ig ^ r ^ - oJ-s -QQ^ - 3 Ig - ^ KOHneHTpanHH B od.%; 

J3 = 7 - Ig P002 

KaK dHJio ycTaHOBJieHo (HOJIHK H A P ' . 1973 ) HSOTonHHfi cocTaa rejoia 

B $opMHpyK)meHca H spejioM Kope KoppejinpyeT c IDIOTHOCTBIO KOHAyKTHB-

HOPo TenjEOBOPo noTOKa. EosTOMy noasajiacB BosMoanocTB epo BHHacjieHHa 

no HsoTonHo-PGJiHeBHM AaHHHM no cjiBAyiomefl $opMyjiB: 

q tx 0,166 In R + 3,95 i 0,03 , PAB 

R = ^He/%e. 

Ha OCHOBaHHH HaiiABHHOH Saî OHOMBpHOH CSH3H MOaHO npeABapHTBJILHO 

OUBHHBaTB BBJIHHHHy PJiydHHHOPO TBHJIOBOPO HOTOKa B HSpasdypBHHHX 

patoHax. 
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PREFACE 

The Focus on Series is prepared to give the U.S. Geothennal Industry a 
quick profile of several foreign countries. The countries depicted were chosen 
for both their promising geothennal resources and for their various stages of 
geothennal 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, El Salvador, 
Ethiopia, Guatemala, Honduras, Indonesia, Jordan, Hexico, 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 geothennal activities and opportunities abroad, namely: 

The "Review of International Geothennal Act iv i t ies and Assessment of 
U.S. I n d u s t r y O p p o r t u n i t i e s . " Final Report, August 1987. Prepared 
for Los Alamos National Laboratory. 

The "Summary Repor t " of the above publication. 

"Equipment and Services for Worldwide Applications," U.S. Department 
of Energy. 

The "List ing of U.S. Companies that Supply Goods and Services for 
Geothermal Explorers, Developers and Producers International ly," 
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: 

Dr. John E. Mock 
Geothennal Technology Division (GTD) 
1000 Independence Avenue 
U.S. Department of Energy 
Washington, DC 20585 
(202) 586-5340 
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FOCUS ON THAI UND 

Official Name: Kingdom of Thailand 

Area: 514,000 sq. km (198,500 sq. mi.) 

Capital: Bangkok 

Population (1985k 51.7 million 

Population Growth Rate: 2.0% 

Languages: 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 

Energy Profile: (Based on 1982 data unless otherwise indicated) 

Commercial Fuel Energy Consumption: 

Total: 12.926 million ton of oil equivalent (mtoe) 
1-Yr. Growth: 6.5% 

Commercial Fuel Breakdown: 

Liquid Fuels Pet: 93% 
Solid Fuel Pet: 3% 
Natural Gas Pet: * 
Electric Pet: 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 

Location of the pranislng geothennal areas In Thailand 

Source: S. Praserdvlgal. 1986, "Geothennal Development in Thailand. 

Geothermics, Volume 15, No. 5/6. 
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B. Geothennal-Related Sources of Infonnation 

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 

t Federal Export Assistance Programs Applicable to the U.S. Renewable 
Energy Industry 

• International Data Base for the U.S. Renewable Energy Industry 

t Committee on Renewable Energy Commerce and Trade: CORECT's Second 
Year - October 1985-November 1985 

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 Poliey 



Mr. Russell Anderson 
Director, Office of Project Development, 
Bureau fbr Private Enterprise 
Agency for International Development 
Washington, DC 20523 
(202) S47-5806 

- Bureau for External Affairs 

Ms. Rhea Johnson 
Director, Office of Public Inquiries 
Bureau for External Affairs 
Agency for International Development 
Washington, DC 20523 
(202) 647-1850 

- Bureau for Asia 

Mr. Robert F. Ichord 
Chief, Energy and Natural Resources Division 
Bureau for Asia 
Agency for Intemational Development 
Washington, DC 20523 
(202) 647-8274 

- Publications 

Ms. Dolores Weiss 
Director, Office of Publications 
Bureau for External Affairs 
Agency fbr International Development 
Washingtoffi DC 20523 
(202) 647-4330 

Asian Development Bank 

- General 

Asian Development Bank 
P.O. Box 789 
2330 Roxas Boulevard 
Metro Manila 2800, Philippines 
Telephone: (63-2) 711-3851 
Telex: 23103 ADB PH 

- Publications 

Operational Information on Proposed Projects 
Information Office 
Asian Development Bank 
P.O. 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: 

Regional Offices: 

Atlanta, GA (404) 881-4091 
Chicago, IL (312) 353-0182 
San Francisco, CA (415) 555-7234 
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 Energy 

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 

Geothennal Resources Council 

Mr. David N. Anderson 
111 Q Street, Suite 29 
P.O. Box 1350 
Davis, CA 95617-1350 
(916) 758-2360 

International Trade Commission 

Office of Publications 
International Trade Commission 
701 E Street, NW 
Washington, DC 20436 
(202) 523-5178 

Office of the U.S. Trade Representative 

Mr. Fred Ryan 
Director, Private Sector Liaison Division 
Office of the U.S. Trade Representative 
600 17th Street, NW 
Washington, DC 20506 
(202) 456-7140 

Overseas Private Investment Corporation 

- Insurance Department 

Mr. Christophe S. Bellinger 
Regional Manager, Asia/Pacific Division 
Insurance Department 
Overseas Private Investment Corporation 
1615 M Street, NW 
Washington, DC 20527 
(202) 457-7051 

- Energy Program 

Mr. R. Douglas Greco 
Manager, Natural Resources 
Overseas Private Investment Corporation 
1615 M Street, NW 
Washington, DC 20527 
(202) 457-7044 



- Finance Department 

Ms. Suzanne M. Goldstein 
Managing Director, Financial Services and Product 

Development 
Overseas Private Investment Corporation 
1615 M Street, NW 
Washington, DC 20527 
(202) 457-7192 

Mr. John Paul Andrews 
Managing Director, Major Projects 
Overseas Private Investment Corporation 
1615 M Street, NW 
Washington, DC 20527 
(202) 457-7196 

- Office of Development 

Mr. Michael R. Stack 
Development Assistance Director 
Overseas Private Investment Corporation 
1615 M Street, NW 
Washington, DC 20527 
(202) 457-7135 

Small Business Administration 

Mr. Michael E. Deegan 
Director, Office of International Trade 
U.S. Small Business Administration 
1441 L Street, NW, Room 100 
Washington, DC 20416 
(202) 653-7794 

Trade and Development Program 

- ASEAN (Association of Southeast Asia Nations)/Pacific Rim, Taiwan and 
Pacific Islands 

Mr. John L. Williamson 
Regional Director 
320-21st Street, NW 
Washington, DC 20523 
(703) 235-3657 

United Nations 

- United Nations Development Program 

Mr. A. Bruce Harland 
Director 
UNDP Energy Office 
One United Nations Plaza 
New York, NY 10017 
(212) 906-6090 



United Nations Department of Technical Cooperation 
for Development 

Mr. Edmund K. Leo 
Chief 
Energy Resources Branch 
Department of Technical Cooperation for Development 
One United Nations Plaza 
New York, NY 10017 
(212) 963-8773 

Mr. Nicky Beredjick 
Director 
National Resources and Energy Division 
Department of Technical Cooperation for Development 
One United Nations Plaza 
New York, NY 10017 
(212) 963-8764 

Mr. Mario Di Paola 
Technical Adviser on Geothermal Energy 
Energy Resources Branch 
Department of Technical Cooperation for Development 
One United Nations Plaza 
New York, NY 10017 
(212) 963-8596 

Mr, Joseph V. Acakpo-Satchivi 
Secretary 
Committee on the Development and Utilization of New 

and Renewable Sources of Energy 
United Nations 
New York, NY 10017 
(212) 963-5737 

Publications 

Development Business 
P.O. Box 5850 
Grand Central Station 
New York, NY 10163-5850 
(212) 963-4460 

World Bank 

Mr. Anthony A. Churchill 
Director 
Industry and Energy Department 
Sector Policy and Research 
The World Bank 
1818 H Street, NW 
Washington, DC 20433 
(202) 477-4676 



Mr. Gunter Schramm 
Division Director 
Energy Development Division 
Industry and Energy Department 
Sector Policy and Research 
The World Bank 
1818 H Street, NW 
Washington, DC 20433 
(202) 473-3266 

Mr. Robert J. Saunders 
Division Director 
Energy Strategy, Management and 

Assessment Division 
Industry and Energy Department 
The World Bank 
1818 H Street, NW 
Washington, DC 20433 
(202) 473-3254 

Regional Offices 

Mr. Gautam S. Kaji 
Country Director, CD II 
Asia Region 
The Wc'-ld Bank 
1818 • Street, NW 
Washington, DC 20433 
(202) 477-9039 

Mr. Inder K. Sud 
Division Chief, CD II 
Industry and Energy Operations Division 
Asia Region 
The World Bank 
1818 H Street, NW 
Washington, DC 20433 
(202) 477-5324 

Public Affairs Office 

The World Bank 
1818 H Street, NW 
Washington, DC 20433 
(202) 477-1234 

Publications 

Development Business 
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,\bstract^Fifiy two wells Iftiye been drilled, into tlic Broadlands-Ohaaki geothermal system. New 
ZcahincI, in tJic cour.w-of'iis dwelopnieni. Fluid saniples collected froni these v/ells and measured 
.temperatures indicate that,byiling is common mihin the Eastand'West Bank produciiLiri rones, separated 
at the surface by the Waikato River. Sieam-heatcdAyaters fprmover theiop of the system: above zones of 
boiling, and arc also present on the margins of ihesystcnfi. They are GO;-rich, and are responsible for. 
dilution of the'deep chloride,lluids. particularly on the margins of the system. Thermal inversions are 
common on the. margins of thcsysiem. itssoeiatbd with the:rfeam-heaied waters; The eastem portion of 
the East"Bank and margins of thc West Bank have cooled sint°e peak thermal conditions, possibly dite tin 
'.diliitiof), tisjindicate'd by cpiiiparing liuid inclusiofi data n'ith temperatures now present.-Howeve;-, fluid 
inclusion Th and Tm data indicaie.tivafboilmg.and dilution patterns similar to those now/present have 
existed since indiision formation. The hydrothermal alteration df ..the .silicic vplc^^nics comprises- an 
assem'blagc^pf quarlz^;tlbi[t--illite-adularia-calcite-chlorite-pyi'ite;.epilode-and,\vairat:ife„are rare-, and 
pyrrhotite.-sphalerite and galena are generally conhried'tp the margins pf the sysiem. Kaolin. Ca-
montmorillonite. cristobalite and siderite are also present oil the margitis of the'syste"ra to depths of 600-
1211(1 ni, LinU are'relatcd to the.prcsenee of the COv^rich. steam-heated waters. The dee p.p roduct ioii tltiitis 
originaicTroni .i p;irem (preHoiled),ffuid'w'ifh.a tt'mfKraliire pf—aOO-C and:a CO* tontent of'~0.6 mol. 
Excess enthalpy (i.e. two phase feed zone) discharges'tire not suitable for the calculation of activity ratios 
in ihe,rese"rv6ir'liquid-and'aslessnientjOf mincral-fiijieiequilibria, ttiisis probably due to non-equilibrium 
distribution of gas:speeies;betw"ecn ItquiS and'vapof. However, an assessment pfinineral-tluid'eGuilibria 
is possible from the composilions ot liquid feed wells. Based on these data^ Ihe reser\'oir fluids are now 
slightly undersaturated with respect to cajctteandare in equilibrium with K-miea. pyrite and chlorite. The 
common presence of adularia and calcite ih veinsarid.open spaces:may be'due to a shift in minerai-tluid 
equilibria caiised by e.ictensive boiling andgas loss irt fractures as compared to.forrnaijoti fluid. In eohtrast. 
the.marginal steam-heareclwat'ers are jn eq u ili bri unr with pyrite^pyrrhotite. Their lowerpH values make 
them more undersaturated with respeet to calcite and K-feidspar than the chloride Suids, due;mainly to 
the lower temperatures and concentration of COi, resulting in interstratified illiie^mectite and even 
kaolinite ± siderite stability, Dilutipn'and.cPoling of the boiling fluids by the steam-heated waters' has 
caused their shift to K-mica stability: the resulting depositipn 6fi|lite in fracwres of the East Bank may be 
responsible for the lower permeabilities'here, causing excess enthalpy conditionsr 

Steam-Heated wa'ters.are (Common in geocherijial,systems throitghoatthe worid;recognition of dilution 
patterns helps in deducing^ the overall geochemical stnicture bf each system. Knowledge of the 
distribution Pfsteam=heated waters-will also assist in locating upflow zones.iaiid alsd allows their potential 
for casing corrosion and proSliictioiv-induced incursion.to beassessed. 

INTRODUCriON 

A large data base has been accumulated for the Broadlarids-Ohaaki geothermal system, New 
Zealand (Fig; 1), in the course of its exploration and'development as an energy source. The large 
number cif wells (52) drilled in and .adjacent to the systern (Fig. 2) has allowed a detailed 
exaiminatipn of natural thermal and chernical variations present prior to sustained discharge 
tiesting. Previous "Studies have-inot had access, to the present data base nor have they fully 

* Address for coirespondcnce: Mineral Resources Departinent, Geological Survey of Japan; 1-1-3 Higashi, Tsukuba 
305; Japafi. "••;, ' ' f ' 
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F\'%. 1. Map of theTaupb volca nic'zone'. New Zealand, shciwing; the. location ofthe Brpadlrfnds^haski Ecptherriial 
system among its many neighbors; 

integrated all constraini ng evidence intq'a.model .of the system. In p.articular, the importance of 
the marginal steam-heated vvaters.on the overall naturfe of the system has nbt been discussed by 
.earlier wbrlfers. This paper presents a model oTthe geocheniical structure.of the natural state of 
thB'gedtherfiial system. This Has been deduced from therrnal profiles and all available chemical 
and isoTopic data- available prior lb extensive testing of the system. In addition, thermal and 
chemical datafrom fiuid inclusion studies provide an indication of the natural evolution of ihe 
Broadlands system (Ohaaki refers 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 to 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 
alteration mineralogy-frame work from Browne (i971a, 1973a),.Browne and Ellis (1970) and 
Wood (1983,). This basic approach to mineral-fluid equilibria, in addition to the gedchemical 
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model of the systern, servesastheframewprk-for a detailed examination of mineral chernistr}' 
and local disequilibrium discussed •elsewhere (Lohker ei aL, in press). 

In general, the purpose ofthis paper is;to iclarify and add detail to pur understanding of the 
processes operating inthe upper 2000 m or so of a volcanic-hosted hydrothermal system ina low 
relief terrane. particularty with respect to boiling and mixing, which are thte two dominant 
physical processes in geotherrnal systems (Giggenbach'and Stewart, 19S2). This will help in 
interpreting geothermat'systems fdr which there are fewer data, or systems at an early stage of 
exploration, particularly in tefms of the presence and effects pf marginal wateK. The relatively 
simple moclei derived here rnay als6.ebri"strain:any detailed computationalapproach involving 

Power 
S t a t i 0 ri 

Fig. 2. Plan of the Broadlands-Ohaaki systetn showing the location of production, injection and monitor wells drilled 
belween 1965 and 1984. The resisiivily margin CRisO?8%) and n&'C isoiherm ai -906 mafepiR:{'—600 m a.s.l.) are also 

•*«ho.wn. 



154 Jeffrey W. Hedenquist 

reaction progress.and mass transfer (Reed^ 1982; Gipenbach, 1984;,Spyeher and Reed, 1989) 
developed for hydrotherinal systeiiis and related-epithermal mineralization. 

Background and previous studies 
Thefe-are-few surface therinal features^at Broadlands, andthetptalnaturalheat flow is, ~ 100 

MW (Allis, 1980). This is small compared to about SOO. MW at the, nearby Wairakei and 
Waiotapu systems, due to a large subsurface outflow. The principal therriial feature is Qhaaki 
Pool (Fig. 2), a neutral pH chloride hot spring, which, contributes about 10 MW to the total 
surface heat flow from the system. A few warm springs bn the,banks of the Waikato River, and 
some steaming ground betweenwells BR7and 29, make up the surface activity, with subsurface 
seepage also conti;ibuting to the surface heat flow. However, the hydrothermal system is 
e.xtensiveat several hundred-meters depth, as defined by electrica i resistivity traversing (Risk, 
198S) and.drilling, The <10fim apparent resistivity anomaly (500 m electrode spacing) is abput 
ip krn- in area and roughly cireularin shape-(Fig. 2). The productipn wells-all liewithin the 
270°C isotherm at -600 m a.s.l. (—900 m depth). This,high temperature anomaly is elongate 
north northwest-sduth southeast, and is about 3 km" in size;-the Waikato River'bisects'both 
anomalies into East and West Banks. 

E.vpldration drilling began in late 19.65, and by 1984, 52 wellsfrom 366 m (BR33) to 2587 m 
(8R34) deep were drilled, inciuding several shallow (150, to 350 m deep^ monitor wells (Fig. 2); 
most wells are between 1090 and 1500, m deep. The diipths ofthe: feed zones of production wefls 
range front 47Q to 1450 m (mainly 800 to 1000 m), and have measured temperatures of 
2'60"± 20-c'. 

Following long term discharse testing between 1968 and 1971,.at least I'OO'MW was prOyen. 
However. the de cision to.constf uct a power statio n was deferred u ntil the early 1980s diie to the 
discovery of natural gas fields dff'the west cpast of-the bforth Island. 

A 116 MW(e) power station was eommissioned in 1989, using steam at 13.5 and 4.5 bars 
ab'solijte'from 24 production wells, collected atfive Separation plants. The separated water.at 4,5 
bars is reinjected into eight vvells along the southeast to southwest margin of'the system (Fig. 2), 
The-abnormaliy long lead-in time has resulted in a large amounf'of information being gathered 
aboutthe system, largely in:a natural to'slightly disturbed state. Over this period, many detailed 
studies of the system were eonducted. 

The alteration mineralogy and mineral-fluid equihbria of the Broadlands system were first 
discussed in de;tai! by Browne and Eflis-(197Q) in a'landmark, paper on geothermal systems. 
Prieiiminary obser\'atidns on the fluid chemistry were; made by Mahori and Finlayson (1972), 
while Giggenbach (1971) determined the effect of boiling on the isotopic composition 6f 
production well discharges. Mahon etal. (1980) noted the presence of steam-heated "bicarbon-
a'te" waters at Broadlands, and. Hedenquist and Stewart (1985) quantified their chemistry, 
distribution and importance-in the overall geochemicaTstrueture of the system; these steam-
heated waters are CO^rrich and very corrosive to grout'and well casing. Predicted productipn-
related chemical changes in the reservoir have been discussed by Hedenquist et al. (198.8). 

Further mineralogical studies at Broadlands were conducted by Eslinger and Savin (1973); 
alpng with Blattner (1975), they'focused on the^ details of oxygen isotope yariations in the 
hydrothermal system. Sulfide sulfur isotopes have been ehaTacterized by Browne eial. (1975), 
whiieBrowne^fa/; (1976) reported the first exterisive fluid incliisipn study of a geothermal 
system. These'and other geocheniical studies are summarized by Hedenquist (1986). 

Gold-rich precipitates deposited in Qhaaki Pool from about 1957 to 1966, associated with an 
epithermal suite' of elenients incltjding silver, arsenic, antimony, mercury and thallium (Weiss
berg, 1969). In addition, base metal sulfides are common at depth (Browne, 1969), and have 
been the subject of much detailed study (Browne, 1971b; Browne*.and Lovering, 1973; Ewers 
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and Keays. 1977), The'se results have been reviewed by Weissberg ef al.. (1979)'and Browne 
(19S6). The nietal transporting eapabihty of the deep Broadlands fluids was elucidated by 
Brown (1986), who demonstrated unequivocally the analogy of this active system to the 
environ ment of epithermal mineralization. 

GEOLOGY- AND STRATIGRAPHY 

The Brpadlands-Ohaaki geotherma! system lies near the eastern fault margin of the Taupo 
Volcanic Zone, which comprise,s a principal .andesitic.;arc.'and. further west, a marginal basin. 
The area has experienced volcanic and tectohic (mainly rifting) activity'foY at least one million 
years (Cole. 1979, 1984). The vdiuminduscalc-alkaline rhyPlilic erupfions have caused-caldera 
subsidence and resulted in the formation of variably welded pyrodastic fiPws. These flows and 
ihtrif reworked (laiiustrine) equivalehfs, plus airfall tuffs and pumice breccias, dominate the 
stratigraphy..overlying the block-faulted .Mesozoic greywacke basement. 

Recerit airfall deposits dominate the surface geology at Broadlands, due tp the low relief (300 
m a.s.l. at the Waikato River toa maximum in the.area.pf 350 m.a.s.l.-at the powe rstati.Oivo.n the 
vvest margin otthe,,system). The subsurface geology is .known mainly from thestudy of driSlcore 
and cuttings (Grindley and Browne, 1-968:. Browne. -19Jla, 1973a; Wood, 1983). In addition td 
the flat lying pyrPclastic flow and airfiill deposits, there are severa! interbedded (laterally 
discontinuous) rhyolite and dacite flaws; iritrusive bodies have not been identified. The 
volcanics rest uncdriiformably oh the greywacke und argillite. basemerit, as shown in the 
sdutheaSt-nPrthwest crdss=section (Fig. 3; approximately at a right angle to the dominant north 
northeast Structural trend in the region). 

There IS-a large amount of relief on the basement surface due to faulting (at least ,SQO m 
between BR7and BR15, 3 km distant); however, thisfaulting-doesnotiextendappreciahiy into 
the overlying volcani.GS as. most ate laterally continuous (Figs 3 and.4). A map of basement 
elevation (Fig, 5) shows a horst block centered on a line between BR29.and.BRlO; the baseinent 
surface deepens abruptly tq the west; Permeability in the basenient is confined to fractures 
related to thc.faults. HPweve'r, permeability iri the overlying volcanies appears td be concen
trated along formation contacts (G. P. Wood, personal isommunicatidn, 1988), as well as within 
some units with aquifer charactijri'stics (e.g. the Rautawiri Breccia; Browne-and Ellis, ,1970).. 
Wan and Hedenquist (1981') suggested that northwest trending, structures may explain the 
elongation of the thermal anomaly in that direGtipn (Fig. 2). 

Shallow rhyolite flows are variably permeabie; locally theyact.'as.'aquifers to steam-heated 
waters'and adjacent cold groundwater. A section through West Bank wells (Fig. 4) shows the 
extensive nature ofthe shallow Ohaaki Rhyolite-flow; the flow is disiinct (both in mineralogy 
and hydrologic COntintiity) from the Broadlands Rhyolite flow in the southwest. 

f 

ALTERATION MINERALOGY 

The silicic host rocks of the Brbadlands.system originafly contained an assemblage of quartz 
and andesine phenocry'sts set in a glassy to fine grained groundmass. Minor amounts of 
hornblende, biotite, hypersthene, magnetite, ilmenite, apatite and zircon were also present 
(Browne and.Ellis,, 1970; Browr]e,T973a). Quartz and apatite have been little affected by the 
hydrothermal alteration, whereasthe other primary, minerals have reacted to a varying degree 
depending largely on the temperature and permeability (i.e. fluid flux; Browne, 1978);. Primary 
minerals are little affected where'the temperatures.fare low (on the margins of the systetn) oi-
where there is ppor permeability resulting in little fluidfiow (despite high temperafures, e.g. in 
some of the dense rhyolite flpw.s and Welded ignirnbrites). In contrast, the highly porous ahd 

http://BR29.and.BRlO
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10OO m 

Fig. 3. No/,ihvves;rf,6utheas't cr6ss-.5eciion thrOLigh the-Broadhinds sysiem sho'-'.in'^ >tr,i;i.ir;ip!r_.- (-Browne. iy71;i'; 
Wood. 19S3);\nd'isoiherms(initialnie;tsiirenienis'a'fierpost-dnllina.st.iliilii'.ation: .M in tst ry-of Works iind Development. 
1977), snd the.inferrcd (schcniaticj disifibutipn.of CO;-r ich. steurh-he;tted w'Utcrs | stipp icd,], uf well as aeiieriil pLiiterns 
o f boil ing a'nd dilution,. Boilina-conditions prevail across-most ot".the b;ise of ihe:,s>;stein from Lit least iiilD'C; where thc 
isotherm is near horizontal.-and eontinue-to the nearsurfaccin-the tivozoncs of u'j^tlow. The ^teum-hcatcJ waters form 
over the.top of the Svstem and then may drain to-deeper levels on the marninsdiie tei th'eir relmi'veiy cool teniperature 
iind higher density. The'po'siliori .'of e'xtrctne'(exiernill) easingicorrosion (Hedent)Liisl and Stewart, ly^if). miirked on 
BR7,. 1'6 and.25oiisiijg, and some o'f'tlie thermal inversions, help constrain^ the distrihuiion oi" the sieani-he ated waters. 

Mp.difed from'Hcdenquist.and Stewiirt U,9S.ij, 

I 
4 
I 

permeable Waiora and Rautawiri Breccia Fo'rmations are generally eomplGtely altered. Fluid 
compoSitioii.'and, to:a lessei-'e-vtent, rock compos'ition, are also factors affecting hydrothermal 
mineralogy (BrP wne j 1978). 

The'principal hydro'thermal mineral assemblage at l&fC (600-SOO m depth) isquartz-albite-
illife-adularia-calcite-chlorite-pyrite. Epidote and wairakite.are i;are due to the relati\'ely high 
PcG; (Browne and Eilis, 1970). Galciieis a common and a.buridant mineral, prespnt iii core frpm 
all wells. It forms as a replacement mineral and alsppccurs as a groundmass and fracture flUing. 
Quartz is one of the most, abundant minerals, hoth as coarsely crystalline fracture filling (to 2 
cm), as weli as a fine, grained product (including cristobalite at lower 'temperatures) of 
groundmass devitrificatipn (Browne and Eflis, 1970). K-a'oIin (including dickite), Ca-
mpntmoriflpnite, intei^tratified illite-smectite, cristobalite, siderite, leucox'ene and mordenite 
occur in-the cppler, marginal portions ofthe system. 

The mineral assemblages discussed here are consistent' with preseht temperatures (to a 
maximum of 305°C; Browne and Ellis, 1970). Where present, the phyllosilicafe minerals are 
good semiquantitali"veindicators oftemperatLire and fluid composition (Browne, 197.8; Wood, 
1983). Montinorillonite typically forms at temperatures below about 140"C and illite is usually 
restricted to temperatures above 230''C; interstrarifled illite-smectite, with a 001 basaf spacing 
between 10 and 15 A, forms at intermediate temperatures. The presence of kaolinite indicates 
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Fig. 4. Norlh northeast-south southwest cross-section ihrough West Bank wells, showing the same information as Fig. 
3. The extensive presence of steam-heated waiers on the southwest margin of the system is confirmed by the composiiion 
of downhole samples of BR6. 39 and 40 (Table 5). This section is essentially parallel to the dominant structural trend 

(and direction of fracture permeability?) in the Broadlands system. 

hydrolysis due to a depressed pH, whereas montmorillonite or illite indicaies less acid 
conditions. 

The distribution of the interstratified illite-smectite clays, as well as kaolinite and siderite, is 
summarized in Table 1 (datafrom thedetailedcompilationsof alteration logs by Browne. 1971a 
and Wood, 1983). These minerals indicate relatively low temperatures and/or less than neutral 
pH values; these mineral occurrences wili later be compared with the distribution of the 
C02-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. BR5, 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 ofthe 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 
at shallow levels (Table 1), but occurs at a greater depth on the margns (100-200 m in BRIO. 13, 
14, 19, 20 and 22; to 400-800 m in BR6',H2, 23, 27, 30, 31, 34, 37, 38, 39 and 40). Pyrrhotite is 
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Fig. 5, Map showing the elevation (in m a.s.l.) of the top of ihe Mesozoic greywacke basenieni (data from Browne. 
1971a; Wood. 1983); wells which penetrate basement are circled. There is a close inverse correlation between depth to 
basement (local elevation -300 m a.s.l.) and the Cl/B ratio, with discharges from wells in the vicinity of the horsi block 
(southeast) having the lowest Cl/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 permeabilily of the basement, or to a direct 

magmatic input of B in the East Bank (Giggenbach, 1989b). 

irregular in its distribution, but is more common in marginal wells (BRl, 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 easternmost 
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 measuremenls 
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 boiling 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 Pco-contribution to the total pressure (Sutton 
and McNabb, 1977; Hedenquist and Henley, 1985)." 

Boiling cur\'es have been modelled by Sutton and McNabb (1977), who calculated that the 

Table 1. Dislribulion of interstratified illiie-smecliie. kaolinite 
and siderite (from Browne. 1971a and Wood. 19S3) 

Well 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

i l 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 , 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Deepest 1/S 
(m) 

120 

380 
820 
797 
500 

380 
650 
400 
620 
520 
550 

478 
300 
300 
650 
680 

500 
600 
360 
560 
400 
310 
464 
627 
610 
915 
198 
600 

>1370 
'1160 

945 
>360" c 

Kaolinite 
(m) 

679-764 

400-610 

150 (dickite) 

150, 230 

92, 503 
610, 740 

860,960 
400 
835 

Siderite 
(m) 

720-«ti0 

75 

100-61.10 
100-350 
166 

100-180 

too 

420 

160 

630 
330, 700. 1096 

101,378,512,600 

347 960 .. , 
630, 670 
630,736i 
460 V. 
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Fig. 6. Iniiial ihermal profiles (after post-drilling stabilization) of several wells showing hoiling relationships (for pure 
water and a liquid containing -0 .6 mol CO,), temperature in\ersions or marginal conductive gradients (e.g. BR12). 
Most shown here (except for BR9. 15. 22 and 25) do not have boiling protiles. as they arc on the margins of the sysicm. 
Most production wells have boiling profiles, though they have not been shown to reduce the duller. Some production 
well profiles have a temperature inversion in the midst of a typical boiling curve (e.g. BRIO). From Ministry of Works 

and Development (1977). 

deviation from pure water vvas due to the presence of ~4 wt% (0.9 mol) CO2 in the initial 300°C 
fluid. A value of 0.6 mol (2.6 wt%) CO^ at 300°C (deduced from an interpretation of measured 
CO2 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 (200-400 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 ofthe two production zones ascend along a boiling temperature 
profile, adjusted for the CO2 content of the water (constantly decreasing as it fractionates to the 
steam phase). The two principal zones of upflow, centered on the East and West Bank 
production zones (Fig. 3), are separated by a zone of lower temperatures beneath the Waikato 
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- 3 1 

0 1km 
Fig. ". 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 condilions. 

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 ofthe 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 system 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/outflow 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 et 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 inclusions 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 suitable fluid inclusion material 
from the relatively cool (<220°C) margiriSĵ of the system. This is ndt surprising, given the fine 
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grained nature of quartz forming at lower temperatures, with inclusions often giving spurious 
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 hydrolhermal crystals from Broadlands wells (quartz crystals, unless olherwise noted) 

Well 

2 
3 
7 

7 

7 
8 

16 
11 
IS 
19 

: _ • ' > 

24 
24 
24 

24 
24 

25 

25 

25 

27 
29 

.34 
36 

42 
42 
43 
44 
44 
45 

Deplh 
(m) 

ejecta^ 
ejecta-
845' 

89?'--

896-' 
5.52' 
.U7'-" 
52H-' 
WZ' 
7911' 
fv l ' 
579' 
75S' 
S l l ' 

s ,̂'--
S4I' 

61 Kl' 

6,80-

713'---' 

cjecia" 
436-

965^ 
ejecta" 

ejecta'' 
12 IO'" 

4 *J 

ejecta 610 '" 
1410-' 
490* 

Range, average 
(number of inclusions) 

Th=C 

S-229-263. 255(27) 
P222-295. 265(77) 
P262-292. 288(18) 
8244-268.257(6) 
P288-296. 292(19) 
S256-280.270(46) 
P249(2| 
P:.>(»-2.S5. 247(14) 

PI92-222.202(24) 
P262-272.266(12) 
P266-276.266(14) 
P252-276.266(3) 
P-5201^-212. 210(5) 
S2.'50-232. 232(3) 
P25S-2S5.268(58) 
P2.S6-292. 288(7) 
S2.>l.l-280. 266(17) 
P2.>(^242. 240(10) 
P246-2S0. 2f̂ ->(4) 
S232-282.252(26) 
P262-274.270(7) 
S2.'0-272. 252(69) 
P246-280.270(13) 
52.^5-279.2.55(31) 
P268-274.270(87) 
5242-264.2.5.5(50) 
P252-311.285(72) 
P194-2S3,235(42) 
5201-264.225(18) 
8251-234.232(9) 
P25f>-284. 272(15) 
5246-281.265(10) 
P267-307.295(21) 
P253-300.280(28) 
P290-314, 304(28) 
P2S4-285.285(8) 
P2S5(7) 
P249-263, 255(16) 

Range, average 
(number of inclusions) 

Tm°C 

-0.4 10-1.0 . -0 .68(5) 
- 0 . 3 1 0 - 0 . 4 . - 0 . 3 8 ( 4 ) 
-0 .210-0 .3 . -0 .21(16) 

— 
— 

-0.9 t o - 1 . 1 . -1.0(2) 
-0.8(6) 
-0.4 to -0 .6 . -0.56(5) 
-0.2 lo - 0 . 3 . -0.28(6) 
-0 .210-0 .5 . -0 .25(5 ) 
-•"'.5(2) 

— 
— 

-11.3 10 -0 .5 . -0.4.3(7) 
— 
— 

-0.8(2) 
-0.8(1)"* 

— 
— 

-0.1 to - 0 . 5 . -0..38(16) 
-0.9(1) 
-0.4 t o - 0 . 6 . -0.50(4) 
-0 .3 to -0 .4 . -0.38(5) 
-0.7(10) 
- 0 . 7 1 0 - 1 . 7 . - 1 . 0 ( 5 ) 
-0 .610-1 .1 , -0 .85 (2 ) 

— 
-0 .910-2 .0 . -1 .57(5 ) 

— 
— 

-0.4 to -0 .9 . -0.5(5) 
— 

-0 .910-1 .4 . -1 .15(4 ) 
— 
— 

-0 .5 to -0 .9 , -0.6(7) 

Measured*" 
T°C 

-249 
-246 

260 
260 
272 
272 
277 
254 
171 
253 
259 
276 
228 
262 
274 
277 
277 
278 
279 
279 
265 
265 
272 
272 
274 
274 

-260 
240 
240 
210 

-275 
275 

-256 
268 

-278 
266 
285 
256 

:iT°C' 

- 6 
-19 
-28 
•f3 

-20 
-¥2 

^23 
-t-7 

-31 
-13 
-11 
^10 
-^18 
-^30 

•)-6 

-11 
- r l l 

•4-38 
•i-13 

-t-25 
—5 

•M3 
•f2 

-rl7 
-1-4 

-H9 
-25 
-1-5 

•M5 
-22 
-1-3 

•flO 
-39 
-12 
-26 
-19 

0 
• \ - \ 

Browne ef a/.. 1976. 
^Browne and Christie, personal communication, 1982. 
'Hedenquist and Henley. 1985. 
''Hedenquist. unpublished. 
' P and 5 refer to primary and secondary inclusions; most data sets are for iiidividual crystals. 
''Where samples are ejecta, measured temperatures have been taken for the principal feed zone depth, determined 

from circulation losses and flow tests. 
' A T = measured T - average Th. The average Th generally matches well with the observed histogram peak (Browne 

el 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 +Q.5°C was excluded, as it was probably due to C02clathrate melting (Hedenquist and Henley, 1985). 
"Calcite crystal, except 16-347, which Is sphalerite. 

•5/ 

'I 
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cooling since inclusion formation. The cur\'ature of the boiling temperature profile from 500 to 
900 m is slight (only ±3°C deviation 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 fluid 
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 forthe 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 (15()°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). Toa 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 temperalures. 

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; infact 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 dala (Fig. 7). 

In most cases, the range and average Th values for secondary inclusions are lower than ofthe 
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 (associated 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 ofthe geothermal water. The association of 
a large thermal inversion witR'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 BRl 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 oyer long periods to lest their output and the system's response lo 
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 ofthis period may have not 
been entirely representative of the pre-1966 natural state. V 
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Wells BR26to BR36 were drilled and discharged between 1974 and 1979, while wells BR37 to 
BR45 were completed ahd sarripled over the period df 1980-1984 (°B R4:l has not been drilled). . \ 
further 23/9 miUibn tonnes of fluid were discharged-prior to 19.8S. bringing the total to 57.5 
million tonnes (equivalent to about two and a half yearsof th"e;planned production); only 8% of 
•this has been reinjected. 

Much of the discharge and productton test data are cdnfidentiaL Howeyer. most of the initial 
discharge chemistry is available (Mahon and Firilay'Sdn. 1972;;Ministry of Works and Devejop-
ment, 1977; DSIR files), and is listed in Table 3. These data are reported as analyzed, and are 
mainly for waters collected from.the, weirbox. separated at atmospheric pressure', buta few are 
waters collected frbifi a Webre separator at pres5ure.s above:,atmospheric. in conjunction wiih 
measured enthalp'ieS of discharge arid the quartz geothermometer lemperaiure of the fluid (the 
lattex providing a good estiihate of th'e feed zone temperature; at Broadjancis), steam tractions 
can be calculated and the fluid composition corrected to reser\'oir concentrations, Onl\' total 
discharge gas concentrations arclisted inTable.4 (set below), as Gorrection forexcess enthalpy 
conditions is based on tenuous assumptions. 

Several wells on the; margin of the system were nor hot enough to discharge after reheating 
(e.g. BR6, 12,16,..32, 34, 38, 39 and 40; Fig. 6), and required either to be airlifted.;orsamplecl 
ddwnhtsle". Table 5 lists recent downhole samples for several wells, some at two depths. These 
samples have been Gbllected by a.Klyen downhole sampler; some were collected by a sampler 
modified to seal in the initially dissolved gases, subsequently bled into caustic soda at 
atmospheric pressure after the sampler'was recovered, CoHejciion of this CO,, which would 
otherwise escape when opening the'sample bottle to atmisspheri'c pressure, allows cstimjui.on of 
the dissolved'COj concentration iDfthe.marginal waters" (see below ). 

M 

Fluid types and evidence for bo.iUns ond rnixing 
The quartz and alkali (Na-K-Ca) geotfiermpmeter .temperatures (as summarized by Four

nier, 1981) have .been calculated for the initial discharge samples, taking into account steam" 
fraction (Table 6). Forthe weirbox-waters, th<?,.chloride.cpncentration in the reservoir has been 
corrected for the steam fMction (Table 6); the;reservoir steam fraciipn due lo "excess enthalpy" 
conditions has also beeii taken into account where necessary. A discharge is termed '"excess 
enthalpy" when the feed zone istwo phase, or where there is a separate vaporcontribution to the 
well. In thiSjsituation, the measured enthalpy is higher than that'expected for a liquid at the 
measured br geothermometer temperature of the feed zone, and the gas content of the total 
discharge isgreater than'that in the liquid reservoir. For the generally cooler downholesamples, 
measiired ternperatures are listed along with the chalcedony (Fournier. 1981) and alkali 
temperatures. A cbTrection to the reservoir chloride concentrations is not necessary for 
downhole samples, as there isuo steam fraetion lost. 

The reservoir Ifquid" chloride coiieentratidn is plbtte'd against the enthalpy df the reser\'oir-
liquid for each well in Fig. 8 to deduce the relationship between fluids across the system in its 
natural state, prior to significant dis(;harge testing. Wells'With an "excess enthaipy discharge show 
siinple'Steam gain trends from reservoir conditions (Hedenquist ef al., 1988), so that "correcting 
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 temperatujes but fiuids with slightly higher chloride concentrations than the 
East Bank production wells. Wells that are marginal to the East atid West Bank production 
zories (pig.2) and afeniaw used for injection or monitoring-have water compositions which plot 
on a linear trend away from the production fluidsand towards an endmeniber with zero chloride 
at a femperature of ibout 150''C. This marginal water, which dilutes the ascending chloride 
fluid',, is steam-heated groundwater, hence the. high temperature and zero chloride- of the 

t 

k 



'I'ubk' 3, iniliiil di.sdiargo compo.silioii.of IJrtiaill.'mds wells (all ciinceiilriiiiniis in iny/kg). Miisl atinlyse.'̂  ate fdlkvicil t'roiii ci H-eirhii.v (al aiitiuspiieric jircssiire): tlie rest 
are from a Wclire separator, rJatirtrtini M tilton linil Kiiilaysoii (1972). Miiiislry of Works aiiii l)cvcli.i]iniciit (1977} imd \iS\R liles. W.II.I'. tmd Cl?. refer lo,well head 

pressiiiy and ciilleclillll pii-ssiiic 

Wel 

W.H.I', C i ' . 
hivr Enilialpy htir Analysis 

Date (gauge) k-.l/kg' (gimgc) 'VV ' ] i l t l.i Na Ca MJ; kl) Cs. C'l sc% SiOj IICO,, NH.,: 

B R ) 

B R 2 

B R 3 , 

B R 4 

B R 5 

R R 6 

B R ? 

B R 8 , 

B R 9 

B R ' n ) 

• B R t l 

B R 1 2 

B R 1 3 
B R 1 4 

B R 15 

B R 1 6 

B R ) 7 

B R I H 

B R 1 9 

B R 2 0 

B R 2 1 

BR.22 

„ B R 2 3 

B R 2 4 

B R 3 5 

B f t 2 7 

B R 2 8 

U R 2 9 

B R 3 1 
nii.n.'^ 

B R J 5 

B R 3 ( ) 

B R 4 U 

B R 4 2 

B R 4 3 

B R 4 4 . 

BR4 .5 

1/2/66 

2-?/K/66-

2K/4/67 

:29/2/68 ' 

14/11/67 

4 / 1 2 / 6 7 

15/5 /68 , 

• '•29/2/68, 

'wum 
l,S/l()/fi8 

28 /8 /68 ' 

5 /12 /68 

2 7 / 1 1 / 6 8 

mm 
' 3 /4 /70 

16 /1 /70 

2 4 / 4 / 7 0 
2 4 / 4 / 7 0 

2 4 / 4 / 7 0 

2 /8 /71 

17/8/71 

4/8/71, 

9 /8/71 

l 8 / t l / 7 l 

15/7/71 
7/111/76 

8 /10 /76 

2 1 / 4 / 7 5 

28 /5 /81 
5/l/H.) 

5imu-
12 /4 /79 

3 1 / 1 / 8 4 

mm 
nnmy 
2 8 / 7 / 8 3 ; 

30 /5 /84 ; 

_ 
16 .9 

17.6 

•6;3 

8.2 

4 ; « 

n̂ ^ 
11 ,2 

10.1 

;8..T> 

16.6 

•4,1 

15 .0 

16.2 

19,6 

—. 
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9 .3 

11-2 
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U . 6 

9.-2 
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8 . 3 

— 
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2 6 . 0 

2 3 . 5 
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1325 

l"H4,9 
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„I.1.W 

nun ' 
1222 

'y3(,) 

1261 

I74.S 

130(i 

— 
m i 
1815 

M'63 

1280 

I'Jlfl 

MUil 

11143 

— 
1269 

i . i n i 

1316 

—. 
130:) 
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I2'44 

I 7 y 4 ' 

1461 

I6fin 

1482 

i75() 

5 2 8 

f77S, 
1485 

172(1 

1-712 

isys 
( 8 7 3 

165(1 

17(14 

14'29 

1057 

1414 

128(1 

1(116 

10.53 

l'2(l.| 

1405 

i y 6 

13S7 
1326 

1 I.y? 

1'345 

4 3 

8 .0 

O.d' 

2 . 0 

^ 
l'5 

i i .d 

vi',5 

5 . 0 

11.5 

l(! ,d 

3 5 : 0 

•2:5 

,6.-C) 

7.1 

.4r5 

5 , 5 
4. '0 

'2U,6 

I3'.'5' 

17.'5 

1(1,(1 

12 .0 

1 1 :2 

14:5 

2 0 , 0 

3 . 0 , 

2(1 
y,o 

7 2 ; o 

52:11 

2 4 : 0 

1-1,0 

y,(i 
14:0 

,11,0 
8 . 0 

. 48 .1 

4 8 . 4 . 

.55.3 

61 :o. 

2 3 . 4 

1,2 

K2.7 

5 2 : 6 

4 6 . t 

5 5 . 0 

•i8,y 

4 1 . 0 

4 S . 6 

4 7 . 4 

3 7 . 5 

4 0 . 6 

46 .V 

5 8 : 5 

4H.2 

4 y . 8 

' ^ j 

fr(l;5 

.51 .7 

4 7 . 6 

•51 .6 

.50,(1, 

.52.0: 

7 0 ' 

4 5 . 7 

,30.'4 

3 9 . 4 

7 3 , 5 

8,'4 

73 :3" 

4 2 . 5 

45.,4 

.50.3 

5( i5 

8 0 5 

7 2 5 

5 0 0 

— 
180 

l()00 

7 % ; 

8 5 5 

635'. 
M05 

4 5 0 

7 8 0 

,844 

1.126 

26*5. 

765 . 

6 3 5 

8 7 5 

y 2 2 

•951 
y > i 

8 5 3 

7 8 4 

1052 

6 1 0 

7 8 4 

8 1 0 

7 7 8 

3 8 4 

()(i.5 

y62 
2 2 7 

7 4 5 

<M3'-

° M \ 

71.5 

*23(l 

178 ' 

.174: 

14.5. 

f4,:ld 

,2284 . 

.y44 

157 

M 
5 5 3 

7H 

2 3 9 

168^ 

218, 

3:»i 

5 5 5 

115 

2 5 0 

,175 

260 
134 

2 2 0 

_ . 
3 0 0 

3 8 7 

2 6 5 

— 
142 

.555 

2 6 0 

"m' 
y 2 6 

3 3 8 
359" 

2 1 3 

2 5 7 

12 

- 2 . 1 

/'*' 
2'.'5 

— 
,-— 

I .d 

2 . 3 

1.4 

1:2. 

1.3 

— 
1.5 

1:4 

2 : 0 

1 2 , 0 

1:9 

3 , 0 

1.9 

—. 
5 , 7 

— 
— 
— 

— 
^ 
— 
. 
3 ,3 

— 
— 
— 
— 
— 
— 

•i 
.£:i 
.E l . 

f -.5. 
T 
•0. 
•g-

•s 
•5^ • O 

•s 
'3-
. i ^ 

1 
; o i 

1 
1 

^ 
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166 Jeff rey iW. Hedenquist 

endmember. It also has a high dissolved CO2 content (iip to 0.5 mol; Hedenquistiand Stewart, 
1:985 and Table 5);due to absorption of gas at depth from the. condensed vapor, which ascends 
from the boiling chloride fluid beneath. The,~l5P°C CDi-rich endmember water ciahnot resiilt 
simply from dilution pf deep chloride fluid with groundvvater, as: the endmember does ndt 
contain any chloride. Therefore, its only origin can be through steam-hea'riiig. 

Althpugh dilution of the deep fluid was noted eariier (Mahon ahd.Fihlayson. 1972). it was not 
until severe problems withshallow casing cprrosidh were first noticed (in December, 1983) that 
the charaGteristics and distribution of the steam-heated' wat<;î s were more closely e.xamined 
(Hedpnquis:t and Stewart, 1985). Although they aVe high in bicarbonate,.the H^CO:, dominates, 
hence thev are properly termed COj. ('or cariibriic acid)-rich watei;S; the totafcarbonate:in Table 
5 is reported as bicarbonate, but tan be speciated ;u any temperature given the pH at 25°C. 
These weak carbonic iicid waters<are very aggressiveito standard geathermai grouts and stainless 
steel casings. Hetice the recognitionof COi-rich steam-heated vvaters earlyin the assessment of 
a systciti has a bearing on future development. 

The physical procc.sscs occurring across the Btoudlandssystem' can be easily recognized from 
Fig. S. >yeil BR 15. at 241 Sm the second deepest.well at Broadlands (with production casing set 
at i(y67 m), has the hottest and least diluted discharge, closest to the post ula ted parent fluid (Fig. 

Tahle 4, Gis in itiiHl diitlnirae'fiuid from Bro-ddhinils welk'(n-iairly'fri>me;ii-|y,dii'eh;"ivi:es). from i-,isat\alyw?.of Webre 
sep;irait>r samples, miihiplied by [he:siea"m fr:ictton.,.D,;ila :,ire froni M;ihi:in'aiid Finlavsfir (1972). Ministry of WorkS:and 

I3eve,lupinei\t.i l'977j and D.SIR files' 

# 

i 

Well 

B R i 
BR2 
I1R3 
•Bi^J 
13 R7 
13 R 8 
BRft 
BRIO 
B R l l 
B R l 2 
BR 1.3 
BR 14 
B R 15 
BR 17 
B R I S 
B R l ? , 
B:k20 
BR21 
8 R 2 2 
BR23 
BR24 
B K S 
B R 2 7 
BR28 
BR31 
BR33 
BR35 
BR36 
BR40 
B R 4 2 
i3R43 
BR44 
BR45 

D;ile> 

2.S.'2/66 
.•^niy/fifi 

28.'4/fi7 
29/.2/6H-
I5/5/6S 
I.5/1/68. 
27/11/68 
lS/10/(>8' 
29/S/6S 
.5/12/63 
17/11/68 
(5/2/6^' 
15/12/69 
2/2/70 
3!/,3/70 
2/4/70 
19/6/70 
2S/10/70 
28/10/70 
23/3/71 
27/6/84 
15/7771 
7/10/76 
S/,10/76 
•2S/5/gi: 
5/1/84 
5/80 

nt'im 
31/im* 
9/&'83 
12/7/83 

'28/7/83 
30/5/84 

Vv.K.! ' . 
H;irfgaii^e'| 

.^,1 

-3,0,7 
17:6. 
6.3 

12,r 
10,7 
10.1 

S,'3 
15:1 
4,1 

15.2 
16:2. 
15.6, 
L1.4, 
12,2 
11,2 

•23:7 
•11.9 
„I5.1 
^11.0 
18 .0 
31,. 2 
37.9 

9.3 
8.2 
3.3 

26.5 
23.5 

1.3 
15.8 
19.0 
18.2 
22.0 

Eritli;iipy 
liJ/ki;" 

2674 
i3o2 
1.125 
1848 
228(< 
12(1(1 
1175 
ll(i7 
1220' 
93d 

1261 
1744 
1162 
15()8' 
iy2i 
H 6 2 
I'ley' 
mi 
1399 

'1042 
1540 
1269 
1309 
1315 
1300 

880 
1145 
1725 
670 

1635 
1320 
1740 
1370 

C P : 

1.3 
4:1 

!s5.1 
3.U 

11.8 
-5?S 
9."7 
'8:3. 

11,7 
4.1 

|4'.5 
14-.0 
15:6 
10.9 
11,4 
11.2 

28.7 
5.2 

1:3.2 
3:7 

17.5 
30.5 
10.6 
2.4 
3.4 
'2:6 
2 .8 
2.31 
O.S 
3:S 
8.S 
4.0 
7:0 

C D ; 
mmol/KIO nieil 

2770 
2'57.4 

1224.2 
1243',:3 

'2074:0' 
676,:/ 
-3(.!7.4 
543.9 

'21O.4 
2(J5.1 
262.8 

1775,,y 
111,0 
455.6 

isio.y 
241. •? 
251.0 

1379:0 
578.6' 
168.8 
814.1' 
513.0 

1292.8 
606.9 
276.0 
111.5 
62:7 

1S94.8 
218:8 

1465:4 

i i i i .8 
1340^4 
465.8^ 

W S 
lotti I.discharge 

7 
7.1.9 

14.82 
19:43 
16,46 
13.33 
5,53 
4.06 
4 i O 
7.44 
6,00 

21.(37 
2:yy 
9,88 

20,95 
4.51 
3.51 

,22,2, 
8.55 
3.33 

11.07 
5.61 

11.11 
8.72 
6:47 
1.65 
2.04 

18.19 
0,63 

13.69 
10:13 
15:06 
6,19 

.CO,/H:S 

396.0 
,.35.S. 
82,6 
64.0 

126.0 
.50,8 
55 6' 

134.0 
43:8 
'27.6 
43.fi 
S4.3 
37.1 
46:1 
86:4 
53,6 
•71.5 
62.1 
67.7 
50 .1 
73.5 
91.4 

116.4 
69.6 
42.7 
67.6 
30.7 

104.2 
347.3 
107.0 

m.% 
89.0, 
75.3' 

Jl 

,r. 
^ . • . 

• • ^ • 

1 .yk 

Sl 
..3W 

^ 

S' ^ 
) M 

'S W 
3 
s •S • ^ 

' ^ 
m 
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Tab|c,5: .CDmpositidn;or'ri;eei)lly e.plleded iknvnholL' sainples (diJieetilr;i(ii)ii,'i in tn^kj;');,DEil;i:l'rt)ni,D,S1R liles 

W d l 

BRl 
BR2 . 
B R 3 
Bli4 

;BRS 
BR6 
BR6 
BR 1-2 
BR12 
BR 16, 
BR 16 
BR32 
BR32 
8R,3.3 
BR34 
BR34 
.BR.3a 
HR.3y 
BR39 

BR40 

Dtiie 

,.20/f^'84 
•'',9/10/87 

2/12/87 
2/12/87 
13/2/79 
31/8/87 
24/3/86 
17/8/87 
14/8/87 
8/N/84 
8/8/84 
15/12/87 
5/2/84 
13/11/84 

!7/ri/84 
27/11/84 

mm 
10/2/82 
10/2/82 

•25/3/86 

Rcplli-

(m) 

•550: 
.450 
:600' 
318' 
684, 
670 
850 

•635 
1301). 
650 

12(J0' 
.60«' 
10.50 
:30() 
,74b 

12.50 
'680 
80(1 

1470 
350 

Oille'i-tii'iiv 
temp "t; 

223 
248 
246 

"226 
147 
63' 

t2y 
147 
270 
I5d 

••270-
9.1 

2f)() 
165 
168 
233 
150, 
4i2',. 

206 
131 

...-
Aii.'ily.si,>; 
l e n i p X ' 

20 
22 
20 
21 
20 
IH 
22 
20 
20 
22 
22 
27 
24 
29 
26 
25 
25 
23 
23 
20 

p i l 

6.14 
8;7 
():4 
6;0y 
5.03 
7.0 
-7.08 
6.4 
'6.4 
6.49 
8.13 
6.3 
7.7 
7.3d 
7.09 
f).58 
6,44 
7,13 
7.53 
6.01 

Li 

.3.71 

.9:9 
9.1 
9.1 
0.75 
0.93 
,1...3, 
5i8 
7.4 
4.H 
8.6 
0.1 
5.5 
y,o 
0.2 
4.2 

— 
(1.54 
0.89 
4,8' 

•Na 

829. 
SS5. 
723-' 
:tS4y 

'5(1 
398' 
500, 

1359 
869: 
'()5'2 
'5.2y. 
1.53 

260d 
7o:i 

22 
786 
17(1 
-:i5(i 
'35y 
534 

.K 

79:0' 
l3l 
155 
121 

12 
31 
4(1.9: 

210 
!3N 
.56.0 

— 
24 

1.3'l 
98.1 

•44 .,9 
68.1 
.8'.8 
17 
29 
43,3 

Ca 

l:4:.7 
7.1 
(1.5 

11 
29.7 
15 
7.3' 

17 
y.y 
2:4 
.3.2'. 
14' 
9:4. 

21,8 
4.75 
12:8, 
9.7 

-5.1,.) 
21,. 6 
20 

t̂S 

2.0 

u:Ŝ  
11.21 
(i..iy 
0.23. 

2(1 
56 

().'62 
0,68 
5,y. 
0,83. 
2.5 

— 
1.25 
1.44 
().:55 
o.y 

,|H' 
2:5 

l.iS 

R:b 

0.49 
1.18 

.0,21 
1.02 
0:18 
().(!.S 

— 
0.99 
0.82 
d.32 
(1.45 
0.05 
0.51 
O.KO 

<0,.55 
0,.15 
- „ 

(1.12 
(1.14 

— 

Cs-

1.02 
1.16 
1.17 
1.03 
0.16 
O.OU 

1,(13 
1,02 
0,5 
(1:8 
0.06 
d.H3 
o.yx 

<0:,55 
0,89 

— 
Ilr'ld 
d.,1.1 

— 

Cl 

1060 
1101 
1184 
S5I 

5̂ 1 
.111 
25 

i22y 
1)15. 
333 
'824 

.50 
1074 
y:to 

35« 
933 
.59. 
2K-
Kv 

.126 

'-M 
11-6. 
7 5 ' 
67 

113 
96 
19 
23 
59 

101 
201 

66 

<:'5 
18 
75 
11 

— 
33 

18 

B 

32.'7 
30 .'6 
33:4 
22,8 

0.7 
.1.4 

< 2 . 5 
.31.6 
35:y 
24.2 
'fi4,8 
< l 
36.6 
-28:5 

(1.6 
24.8 

<,2.5 
1.2 
1.0 

1:1,6 

SiOj 

40'6 
.4Kd 
4,9S. 

•.385. 
33-

i,y,o. 
17(1 
234 
450 
:2I5 
454i 
316.. 
IH2 

372 
73 

214 
51 

MO 
203 
2.50 

MCO., 

832 
.5:30 
339 
58.3 
< 5 

1257 
1144 
2463 
1117 
96.5 
146' 
689. 

4235 
586 
I.54 

"4r() 
57(1 
750 

11.54, 
2145 

Corrected from 
Cd-v in eatisltc 

HCO., 

9861 
2y570 
22820 

9604 

8492 
17868 
19389 

• 

9173 

2486 

. 
1235 

—. 

4283 

4.7' 
4,62 
4:23. 
5:04 

5.44 
5.41 
5.19 

— 
5.2-, 

^^ 
— 

5.80 

5,89 

:— 
.5,62 

U3 

•s 
•S i , 

. c 

.a 
1 
O 

' V J 

o 
..a-
,§ 

^.' 
I ' l 

1 

Tlie firsi l-IC.'0,v value is (or the downlvole lii j i i id.after iis CO j .ivas'lik^il into L̂ :iii,s-|'i-i;. :ii aoimsplie-i'ii-j>i'e.iisiiie. 'I'lie seemul [•iiloiiin is I ' i irayted Itn Oie iij|»")iiiii •'i)f'{J(J; 
eoileeted into tlie caustic; ihtis, (lie-lotulC'.Oi.i"' Oti.-.'ie'SaiUjjles; ranges frmii 0,02 iii.(i:48 nuil. 'MiLveiprre'el:;!! pl-fj.vis th'iil.diie^ to.llie t o l ; i lCU : . if it, wefeable to rcrniiin in 

.isojution i|'t:iitmosplicric,prcssure'; t,lii.s''is the pl-l-tised i'litaletilaliPgrilie luservoir pl-hi (Tiible^t)). 
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W e l l 

B R l 

U f l 2 , 

BH3 
BIV4 

:BR4 
BRa 
BE16 

• 1)147 
BR7 
Bk8 
BR9 
Blili) 
BR l l 
l i R i : 
BR13 
BR14 
BR15 
BR16 
BRI7 
B R I g 

BR 19 
BR2b 
BR21 
BR22 
im23 
BR25 
BR27 
BR28 
Bills 1 
BR.12 

HR.1.1 
l t K . l . < 

tiR36 
HR3H 
BIHII 
BR4: 
U l ( : i : l 

BR44 
BR4.5 

D i i l c 

20/f!/f(4, 
2 M / f i ( i -

im i i i i 
2to68' 
2/12/87-
31/8/K7 
24/3/86, 
1.V5/6R' 
23/9/KO' 
29/2/68, 
27/11/6S 
lB/in/6S: 

imm 
S^I2/S8" 

27/11/68 

6 & 6 9 

3W/70 

a W ! 4 -

24M/7() 

:4M/7() . , 

24/4/70. 

i i m i 

\im\ 
-imnt 
m i \ 
\5nni 
ino/id 
,« /U l /76 

•2K/.S/KI 

1.1/12/87 

• 5 / i / k : i 

5/(>/K0 

12W/7y 

(./.•i/Hfi 

.3l/l/f(l 
Wf. f f l l 

I2/7/K.I 

28nm3 
•.3(1/5/84 

E l l l l l : i l | l y 

WJ/ky. 

D/11.223!,! 
125() 
132.1 

1S49 
,D/H-226% 
D / M - f L l - ^ 

D/H:I56°;, 
•2286 

975 
,l2(ii 
1175 

nnn 
1222 
i m i 

12fif 

I7'45 

l3Ufi 
D/H-150°^ 

' 1 3 9 7 • 

1815 

\\& 
mn 
m\ 
1231 
1043 
1269 
1,110 
1316 
i3(in 

D/lt;yi% 
K«() 

l l J l i 

n2S 
n/iM.'id",, 

•(i7li 

l « 5 
1,12(1 
1746' 
137(1.. 

' iJL^ 

"C 

22:1 ' ' 

266 ' 

2.17 
224' 
217"' 
155" 
147" 
269 
240 
265: 
27.T 
247 
2 « 
223 
263 
267 
3(& 
165" 
261 

•242 

•278 
279 
.276 
;277 

'285 
29.') 
-258 

•26.1 
263 
198" 
2 l ' i 

2611 

.173 

7-;!" 

!W 
257 

2 8 ! 

•244 

255 

MOft 

k,)/l 

1164 

11211 
.%2 

— 
— 

1179 
l ( B 7 

1159 

I2l)(i 
1671 
1164 
95 S 

1149 
1169 
1366 

— 
11.19 
1(147 
(224-
1229 
1216 
]2ia 
12f.2: 
1316 
1124 
1,(49 

1 l '4i;. 

^ 
' ! , l ' t 

11.14 
110!i 

— 
777 

112(1 
i , ; 4 i 

KlSft. 

1,1 HI 

L'.>;>l 1 

-.̂.. 
. 
92 

2(I5' 
»4S7' 

— 
— 

I I li?.'' 
-62 

42 
-:25 

29 
58 

-28 
112 

:576" 
- • f .6 

— 
:25K 

76R'^ 

- 6 1 

51 

-'i'>85 

12 

- . 219 

- 4 7 

186 

167 

151 

_. 
-511 

12 
si.̂ "' 
— 
107 
515 
7'J 

684'" 
260 

• I> .« r ; 

':i 

T 1 1 

293 
284 
227 
255 
185 
184 
297 
263 
2'>6 

281 
275" 
276: 
26.1 
28.1 
29(1' 

273 
219, 
28,1. 
269 
29! 
285 
269 
29! 
2Hft 
•294 
2M 
.277 
277 
2(!8 
2,111 
281 

292 
151 
(83 
268 

29'l 

251 
•36.1 

1 [i-,.> 

[• 

- 223 

'2(t f i 

257 

22^1 

2 2 6 

63-

156'' 

2 6 9 

•24l» 

273 

'273 

'254 

277 

22:1 
263 
•267 
'3(M 
i.i() 

'261 
242 
278 
•279 
276 
277 
285 
2'J5 
2.58 

263 
263 
91 

2Mt 
26(1 

•27.1 

15(1 

183 

2 5 7 

281 

244 ' 

2.55. 

<::i,i... 
iTii;/kj;^ 

(060 
li61 
123.1 

>)pl 
851 

^lil 

25, 
1(11 I'J 

UI14' 
1217 
1177 
871) 

1158' 

itrV 
1 122' 
95(1 

1(169 
.1.13' 

i i 9 : r 

1344 

11.12. 

i 0 9 4 ' 

1153 

1135. 

12111 

892 

•87.1 

•'J.™ 
II189-. 

.10. 
• ' i i ; 

925 
8K() 
:19 

177' 
' i|9 
8:tl) 

8 ( 1 

914 

p . l l i 

5 ,71 

'6., i : i^6, '61 

"5,Sfv-8:l)( l 

7.2t' l 
6.09. 

• 5 . . y 

5 ,77 

7,72 

6,27 

5..58' 

•6.111 • 

6.1);;' 

5 :95 ' 

• i . 'W 
'6,31-<i .85: 

?'.9.1 
'6:9(1 
5:17 

6.17^:91 
'7.'25 
6.16 

6.16 
6:53 
6 : j 8 . 

5 , ( i 5 -6 . J4 

6 , (1^-6 .72 

6>22-6.88^ 

r.'.:i2 
6,.i7 
(1,1,(1 

7.,ii:i 

6, Hi 

6 :02 

6?27 7.1«. 
S.9.1-6:.1JJ 

6.99 

6 .3( ) -7 : ( l6 

l. 'K ( i 'J 'K.K,, , , 
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Kiu. 8. Chloride-enlhtilpy plot of inilitil discharge composilions corrected for steam loss and e.vcess enthalpy to quartz 
eeoihermometer or measured enthalpy temperatures (thc latter if there is no e.\cess enthalpy; Table 61. Early downhole 
samples are plotted at nieasured temperatures, with their depth shown in parentheses (ni). East and West Bank wells are 
Itirgely distinct from each other in terms of chloride, with the former showing evidence for deep dilution; the diluent is 
identilied from marginal wells as being sie::m-heated. with a lemperature of ~l,50°C(e.g. BR6). Downhole samples (-^ 
symbols; Table .5) collecled after extensive discharge (inset) indicate variable amounls of induced dilulion by thissicam-

hcatcd water. Modified from Hedenquist and Stewart (1985) and Hedenquist el al. (I9SS). 

8), This parent fluid composition is (Jetermined from the intersection of the boiling trend for the 
least diluted reservoir liquid (BR 18) 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 
prodiiction 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 rnost 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 ofthe steam-heated waters to 
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the northern margin ofthe system, where, they^prdbably extend over thc upflow zone at shallow:?^ 
levels (i.e. BR3/18, 33; Fig. 4). 

Further eviden'ce'for the extensive distribution of the-steam-heated waters comes from a 
comparison of reservoir compositions ofinitial discharges with recent (post-long term discharge 
test) downhole sampling (Fig. 8, inset). In ftibsf cases, production wells shdw a change in 
composition consistent with dilution by steam-heatied waiers, with the: dilution having, been 
induced by depressurization related to the discharge testing (Hedenquist ef al.. 19S8). This 
implies a relatively permeable connection between the marginal :c>r shallow zones of steam-
heated wate:rs and the production zones. 

This suggestipn'pf a permeable: con nection is supported,by Grant ei al. (1983), who anajyzed 
the pressure response to discharge testing. They cs.tirna"i!:d thiu during the pressure reeovery 
following shutdown df the 1968 to 1971 iJischarge testing, approximately half of the fluia 
discharged was replaced by Row from the East'Bank tt;) the West Bank rei^ryo'ir (of the 16 ̂ '̂elis 
discharged duriiig this period, all but t\\o are locateci on the Wes: Bank, hence dr'awdown in the 
West was greater). However, Grant s/ a i (198.^) also esiimated that a further third ofthe mass 
.discharged wjs replaced "by di-̂ wnflqw from the rKyoiites above the resepoir". iind ''most ofthe 
10 million tonnes lost from the (Ohaaki) rhyolite w;ts in t.urn made up by reiurn of \vater 
disposed at surface". Thus the car'apaee*df.stcam-hcaie.d waters over and marginal to the East 
unci Wes; Bank upflowj is in a delibate hydroiocic-.balancj;.. biu wiil penetrate deeper into the 
system qncethe liydrodynamic'head begins io decrease, na'turally or due tb e.vploitaticin. 

l.^oiopiccharacmtisiics of Broadinuds-fluids 
Further evidente tor ihc origin (jf ihe marginal .C©-Tich. steam-heated waters cdmesfrom an 

isotope stud\' (Fig; 9). conducted,by Hedenquist and Stewart,{1'9S5)^ The isotopic composition 
of the. fluids from the prgdiiction wells ('correct(id for steam loss during sampling) are from 
Stewart (1.97S). and wi;re collected ih 1976,"The downhp[c-samples, as well aS'those of water 
level wells and local meicoric waters, were collected in 1984. 

The local meteo.ric waters 1 isi near to the mi^teorie water line, while.samples from shajlow {15 
m) water level .wells adjacent to the geothermai wells have a large scatter (Fig. 9a.). Many of the 
shallow wells archot and some are boiling; their watt rs have chloride contents varying fromzero 
to 850 mg/kg,(Fig. ,9b). THe. isotopic enrichment ofthe zero chloride saniples is probably'due to 
eyapojatidn related to sream-heating (Gigge'nbach and Stewart. 1982). It is not surprising that 
the zerothloride, steam-heated vvatershave;is6topic eomposiiipns;.simi!ar:to groundvvater, since 
the' steam separated from the deep chloride fluid will have -a compositiori only about -f0.5%o 
heavier in ^'"O from the meteori'c-tferid (Fi'g. 9a') with its.5D \'a!ue tjepe'ndent on the separation 
temperature; also, the:steam component needed to heat cold srdun'dwater to 150°C is only 
-207=, 

Downhole samples frora the.niarginal wells generally plot between thc deep chloride fluid 
composition and that dflocal meleoric vvater, both in terms of ti'°0-(5D and (3'^O-CI (Figs 9a and 
b),-supporting the mixing relationship identified,from the'ehloride-enthalpy plot (Fig. 8). The 
production well chloride'fluids are shifted about"-f--2.5%o in'5 ' ^ and about +5%o in dD from the 
local meteoric water compositions; although the, oxygen isotope, shift, may be.largely due to 
water-rock interaction, thedistinet hydrogen isotope shift may be evidence forthe presence of a 
small cbrriporienf of magmatic water (Hedenquist, 1986). Broadlaniis residual gas chemistry 
(the. non reactive Nj-Ar-He group and the.higher hydrocarbons), as vvell as the high total,gas 
contentiof the fluids (dominantly C O T ) , indicate a dominant magmatic component for thegases 
(Giggenbach, J986). 

Despite evidence 'for a partial magniatic component to thcffluids, it is ndt necessary to couple 
the origin of thegases to thafof the water (Giggenbach, 1989a, b). This decoupling ofthe water 
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-̂  West Bank wells 
^East Bank wells 
' Water level wells cismj 

0 Nonthermal 
.groundwaters 

39(800!"' J . 
, , ' •Wit 3 7 0 ) 

a . .^....wt^M ,. .. -

- 7 . -5 - 4 -6 cf'=0 %o 
Fig. 9. fa) (i'*p-(SD pjot-of lQ75.discharges.df produaion v^;eils('Sli?u-ari, 1978) and subsequent analyses of niyrgi'nal 
we!ls,.shallbw'waterlevfel wells; and local tne teo ric water. Inconjunction with (h) (^''O-CI composi lion's, these relatiijiis 
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deep liquid (similar in composition iqBR22) is.ihov '̂n fdrieparation'at 26{i-to 140;G; cotidetistition of this steam into 
meteoj-jc water will not 'greatly affect the' isotopic composition of the latter. Modified from Hedenqjist and;Stevvart 

(19S5). 

from gases, (and possibly ehloridfe) could be due to the transfer of heat and magmatic 
componentS'in a layered, double diffusive convection cell (Griffiths, 1981). t h e ^ '-C compo
sition of Broadlands COs and GH4 (Gipenbach, 198:2; Lyon and Hulston,'l§84) also indicates a 
large magmatic component to'the total carbon. This cell would separate the magma from the 
overlying meteoric convection, and could acGount for the observed variation in sahnity and gas 
contentsdf geothermal systems in the Taupp'Volcanic.Zone (Giggenbach. 1989a. b). 

Gas composiiion of the: chloride fluidsand steam-iieated Waters 
Broadiands, along with Rotokawa and Kawerau, has one ofthe highest gas contents of New 

Zealand geothermal systems (Hedenquist ahd Hentey, 1985, Fig: 1; Giggeribach, 1986, Fig. 2J. 
This high gas content is related to its location along the eastern, andesitic arc margin ofthe 
Taupo Voleanic. Zone. (Giggenbach. 1586, 1989a, b; Henley, 19891, and the magmatie. cpm-
pohent to thegases. 

The distinction between East Bank and West Bank-chloridefluitfs (Fig. 8) is also evident in 
their Nj-Ar-He'relatidnship (Giggenbach, 1986, 1989a. b). East Bank fiuids appear to have a 
more "magmatic" signature-(i.e, higher N;/Ar and Nj/Cps: ratios) than West Banks fluids. 
.Assuming the same source for the~deep fluids, this difference may be. dueto a greater degree 
(i.e. age) of water-rock interaction in'theEastthan West, Thus thVcapacity ofthe host rocks in 
the East Bank to overprint or neutrahze.magmatic signatures of cbniponeiits in the fluids may 
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now be less than in the: West Bank (younger) portion of the system. In contrast; Giggenbach 
(1989b) proposes distinct sources of the gases for East and West,Bank zones: to explain the-
observed variations. 

Thegas^concenfratiohsinfot^l discharge for:the;initialBrGa(ilands samples are listed in Table 
•4. The'C02 and H2S concentrations reported acctjutit for =^95,% of the'total gases analyzed in 
the steam samples collecteci by Webre separator (Ellis and Mahon, 19,77); these samples were 
generally collected at the'same time as the weirbox liquid samples (residual gases such as N^. Hi, 
CH4, Ai", He, etc. are reported by Mahon and Finfayson, 1972; tiieir relations are discussed by 
Giggenbach, 1980; 1586}. The total dis(:harge gas cdncentratidns are determined, from a 
calculation using the steam fraction at the.;samplin'g pressure: 

In cases where the measured enthalpy and the enthalpy of the, liquid at the q.uartz 
geothernigmeter temperature are similar (within analytical errorfor thistvvo measurements. say 
•^60.kJ/kg), a,single phase liquid feed to the well is indiGated. and the gas. in total discharge is 
equivalent; to, the dissolved gas cont^erifration in the reservoir liquid. HdweVer. in situations 
where there is a two phase feed to the well (liquid, plus- vapor, i.e. excess eiithalpy), 
determination ofthe original gas concentratiop in the liquid is ndtr,p0ssible withbut assuming 
that ail the excess steam came from the same:zone as the liqiiid. and that equilibrium, 
fi^actionatidnisf the gases applies; the second,assumption is demonstrated below rp be doubtful. 

Allinitial "total discharge gas concentrations have been plotted on Fig. 10. and mpdel cur\ es 
Galtulated for gas fraciionatipn ;between a boiling liquid and its corresp.onding vapor phase 
(GioVerl 1970). The liquid mp.del cuive'has been adjusted td be consistent with the lower limit of 
,gas concentrations, passing just above mosi-of the. plotted data; higher gas concentraiidns are 
most likely due to two phase ednditibns of discharge, as noteci by independent gas equilibria 
re!atio.nships.(Giggenbach. 19S0). 

100 
c o p mmol MOO m 

KXK) lOOCffl 

Fijg. 10. CQ2 (mmdyiOO mol) - COj/HiS ratio for total discharge compositions (Table 4), The JBX variation iri'iotal 
CO^ betweeii weli.̂ , as well as the variatign iii.GQi/HiS ratio, can be accoiinied for by gas:loss from a boiling liquid, 
and/or a t-wo-phase tnixture 'of liquid jiius"-vapor (i.e. excess enthalpy discharge). This situation has been modelled 
assuming a: 280°Cli qui cl of composition similar tg BR 19. with the parent 30(rC liquid composition caicuiated for single 
step separation; the coexisting vapor coinposition has also been calculated for separation in 2p°.C steps. TTiese 
emJmeiinber mode[ curves envelop most of the gai'data, with intermediate points resulting-frorrt excess cnthalpv 
mixtures (eg. BR4, 14 and -20 plotting near the vapor curve), "or from continuous vapor.separation from the 3(D0°C 
parcntfluid(modelledbyl°Csteps—dashcdlitieJ.TTieanpmalouslyldw H,SfbrBR40(CPj/H2S = 347:notpldf̂ ^̂ ^ 
due to thedominanceiofthe HjS-depleted, steam-heated component; see text. The higher gas contents in total discharge 
for East: Bank wells is due to the common occurrence- of excess enthalpy conditions, which results from Icnver 

permeabilities here, possibly due to (he abundance of ilhte,deposited into fractures. 
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The initial (preboiiing) 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%) CO.. with a CO2/H2S 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 
pressure-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 
ihis simple pattern of gas chemistry is present in BR15. which has a verv much lower CO2 
content and CO./H.S ratio compared to that expected for such a hot and high chloride discharge 
(Fig. 8). This suggests that the BR 15 Webre gas sample (not collected at the same time as the 
high temperature and high chloride weirbox water; Fig. S) 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 5 lists downhole samples of the steam-heated waters in 
which the gases (mainly CO.) were trapped prior to depressurizing the sampler. These samples 
indicate total CO. concentrations varying between 0.02 and 0.50 mol. averaging about 0.15 mol. 
The CO. concentrations are reported as equivalent HCOJ. though at the given pH the majority 
of CO2 is present as H.COv 

Some of the low total CO:̂  concentrations 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 
steam-heated 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 CO./H2S 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 et 
fl/., 1988)." 

This increase in CO./H.S ratio is primarily caused by a relative depletion in H2S, which may 
be due to one or more of at least three processes (Hedenquist et at., 1988): (1) H2S is more 
soluble in the boiling liquid so that CO2 is enriched in the initial steam (Fig. 10), and therefore 
will also be relatively enriched in the condensate; (2) H2S 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 H2S is fixed as iron 
sulfide (pyrite is a common alteration mineral associated with the C02-rich, steam-heated 
waters at Broadlands, and can reach 8 wt% at shallow levels in BR16; Ewers and Keays, 1977). 

Patterns in fluid composiiion 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. As|previously discussed, the fluid 
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inclusions trappedby hydrothfermal crystals.(mainly quartz, butalso some calcite) at Broadiands 
record a higher-ternperaturecat the: time of their formation than riow prevails in a portion ofthe 
East Bank production zone and the margins.of the West Bank. 

In order to assess the boiling and mixing-relations from fluid inclusion data, hpmpgeriization 
(Th) versus icemelting (Tm) data have been plotted (Eig. 11 j . This plot is similar in style to the 
chloride-enthalpy mixing diagra_rn (Fig. 8), except that 'fm: is a measure of all dissolved 
Gomppnents-ih the. fliiid, not just chloride (Hedenqtiist and. Henley, 1985).. Therefore, CO. in 
solution wiil "also make a.significant, and sonietimes dominanr. contributibn tb Tm. Most 
prodiiction wells have.a fluitl with tola! niolality of dissphed s.alts (,Na + K - Ga + Ci -t- . . .) of 
ab.ou't0.05 mol (0.2 wt% NaCI-equivalent^, whereas CQ:; is (j/ten 0.1 to 0.3 moi. This means that' 
GO. will contribute from two to si.x times as much to theTm as will the s;ili,>- Hence bpillng.and 
'consequent gas loss will have a targe effect on Tm (e.g. 50% of a liquid's CO vcontent is lost as it 
cools by open,system hoilihg--from 260 to 255'C'). 
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Fig; 11. Th-Tm plot of fltJid inclusion data; »ith wdl and meter depth for some samples: Two trends are apparent, one 
is diitition (mixing) from: high to lower temperature (ihrotjgh BR16r347); the other data fita .gas loss (boiling) curve 
{cajcuJated for 5°€.,ihultistep separation), or are enveloped.by the curves forthe tu'oeti'dmcrnber processes. Compare 
with the chloride^•enthalpy plot of present fluids (Ft|..8), where marginal wells BR7; 16. and 29 also show evidence for 
dilution. The dceppaleo-fiuid had a'preboiled GO. content of --0;75 moi at -307'G (assiimingO.2 \vt% NaCI equiv. was 
also present), based on intersection of these two trends. TKe diluent'had a tempcratureof — i60°Cfrdm extrapolation of 
the dilution trend (assuming zero, chloride and ~0.1 mol CO- content). The BRJ;i-965 sample contains secondary 

inclusions in a quanzphenocrs'St. Modified from Hedenquist and Henley (19S5). 

i 



Broadlands-Ohaaki Geoihermai Svstem 175 

Th and Tm data from Broadlands fluid inclusions can be interpreted in terms of a boiling (and 
sas 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 fluids). 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 et 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 lemperature define the temperature and compo
sition of the paleo-parent fluid (unboiled and undiluted). This is. approximately 307°C. 
.Assuming that the present salinity of 0.2 wt% 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 
wt%) 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 C02(Fig. 
lO). Extrapolation of the fluid inclusion dilution trend to lower temperatures indicates an 
endmember steam-heated water of about 160°C, depending on its CO2 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 5). 

CO2 clathrates were not observed, except possibly in one case by Browne etal. (1976). This is 
consistent with the minimum COo 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 lowTm in BR34. 

The fluid inclusions and their host crystals 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. Forexample, well BR7, which lies on the eastern margin ofthe 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), panicularly 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 C02-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 to 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 there 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 nonvpiatile components can be closely estimaled afters 
correction for the steam fraction in the feed zone.. However, the partial pressures of gases in the^ 
reser\'pir liquid component of the excess enthalpy discharges are less certain, andvvill he withiBa'^' 
range that will encompass the actual value (as discussed below). A calculation ofreservoir liquid'', 
activity ratios incorporating H* is also difficult in this case, and their relevance is.limited, c 

Data from Tables 3.,4 aiid 5 .have.,been:speciated to their resen'oir conditions by meaiiS;of a» 
modified-version of the-program ENTHALP (Truesdel 1 and Singers, 1974). In addition to the 
reservoir temperature (deduced from silica and Na-K-Ca .geothermometry and measured 
enthalpies and temperatures) and an estimation 5f the degree of excess enthalpy (ex H). values 
for rtjservoir pH and the state of ealcite:ahdK-fetdspar-K-mica:saturationhave been calculated 
(Table. 6). 

E.xcess-enthalpy cmfdiiiotts 
When a ge.othermalw'elldischarges.<a fluid that is two phase (excess enthalpy) at the reser^-'oir 

feed p0int(s)-, determination of the gas cpmppsitibn of the liquid phase is complicated. 
jCaiculatibn of the sieam fraciipn at the feed lo a well is possible through an iterati\'e process 
using, the silica concentration to estimate thfc fetid temperature (R, B. Glover, personal 
communication. 1983), Calculalipn of the'feed zone temperature: thus allovvs a cbrrec'tion of 
total discharge concentrations of nonvolatile species tp their concentrations in the reser\'oir 
liquid. However, correction of g:as concentrations is more difficult, asit assumes equilibrium 
fractionation of gases between the liquid and vapor, which is not ahvaysobsened in the case of 
Broadlands (sfee:below). 

The'gas comptasitiohs plotted'on Fig. 10 can best be explained by a variable mixture of liquid 
and steam, with the wells having the largest excess enthalpy (Tables"3,4 and 6) plotting furthest 
from the liquid equilibrium gas loss curve. An estimate of the degree of steam fraction iii the 
reservoir may also be indepeni3ent!y estimated by'assessing the deviation oi discharge gas 
composition from that expected for equilibrium ofthe reaction (Giggenbach, 1980): 

C O . + 4H2 = 2H20-rCH4. CD 
Anaiytical quptients pf initial discharges for whic:h residual gas data (H2, CH4, etc.) are 
avaiiabie: (MaiiPn and Finlayson, 1972; DSIR files) are plotted on Fig. 12. As noted by 
Giggenbach (1980). who plotted 1976 data for BRl l , 33 and 25 (all production wells), 
Broadlands'residuaigas composition approximates equilibrium conditions fpr reaction (1). This 
gas equilibrium is also supported by the valuesfor the initial discharges of BR9, 11 and 13 (ail 
production wells with single, phase liquid feeds; Table 6). However, several initial discharge 
composition's plot in the; vapor addition field, as would be expected fortheir excess enthalpies of 
•discharge (Table 6); in pariiculaf., BR4,7,14 and 24,.have 600 to 1100 kJ/kg e:xi;ess'en thai py, and 
piot" furthest intp the vapor addition field. Two exctjptions are BRIO arid 12, which plot in the 
vapor addition field but are hotexcess enthalpy (Table 6). These discrepancies and the effect pf 
excess enthalpy conditions on fhe calculated mineral saturation states are discussed in the 
following section. The effects of recent drawdown and depressurization ofthe reservoir show up 
in gas.data which plot along a gas loss (i.e. boiling) trend (Hedenquist etal., \%%). 

Minerqi-fluid equilibria 
Prior to the investigation of detailed mineral-fluid equilibria relations (Lohker et al., in 

press), it'is useful to make a generalassessment of the state of saturation pf Broadlands fluids 
with respeet to the dominant mineral assemblage. In order to dp this, the affinity (Giggenbach, 
1984) has been calculated for the reactions: 

r 
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I-'ig, 12, Plot of temperature (of quartz and Na-K-Ca geothermometers) versus log K for reaction (I), illustrating the 
effect of Steam loss (boilina) and steam gain (excess enthalpy discharges indicated by x) on C02-H;-CH4 gas equilibria 

(Gicaenba'ch. igSO], 

3KAlSi;0,s + 2H* = KAl3Si,Oi„(OH); + 6SiO: + 2K* 

and 

CaCO, + CO. + H.O = 2HC0-: + Ca" 

(2) 

(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 whh 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 e.xcess 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 et al., 1984); wells with >500kJ/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 Uquid) gives 
log Q/K values generaUy lower than the weUs without excess enthalpies (due to the artificiaUy 
low calculated pH values). The second calculation results in values that are higher than those for 
the non expess 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 Uquid 
associated with these excess enthalpy weUs will be between the two calculated values (i.e. 
equiUbrium fractionation of gases between liquid and vapor does not adequately model the 
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Fig. \y. (a) Plot of reservoir temperature versus saturation index (lug O'Ki lor eqiiiirrria between K-feldspar and 
K-mica. reaction (2). Ranges of log(0/K) arc for single and two phase c-jleulaiions of excess enthalpy discharges, (b) 
Temperature versus calcite saturation index. All Broadlands fiuids appear to be unde;saturatcd uiih respecl to K-
feldspar (adularia) and calcite. except for those with e.xcess enthalpies, which are due to un artifact oflhe calculation. 

e.xcess 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 mineral-fluid equilibria between wallrock and fractures is 
supported by the common presence of Ulite in the waUrock (Browne, 1973a). 

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 C02-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 el al., in press). 

Giggenbach (1980) noted that the deep production fluids at Broadlands have H2/H2S ratios in 
accord with equilibrium between pyrite and ferrous iron (FeO) present in a silicate mineral, 
probably chlorite, and suggested the reaction: 

,'^j''' 
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Fig. 14. Temperature versus log H;/H2S for pyrite-Fe silicate and pyrite-pyrrhotite equilibria (Giggenbach. 19S0l for 
reaclions (-1) and (5 | . Most data reflect pyrite-Fe silicate (chlorite) control on H^/H.S (those for excess enthalpy wells. 
labelled with x . have high Hi due to fractionation effects). Exceptions are BRIO and 12. whose gas data suggest 

pyrite-pyrrhotite control on the margins of the system, consistent with the mineral assemblage here. 

FeS2 -H H2 -f H.O = FeO (silicate) + 2H.S. (4) 

This reaction is supported by the initial discharge gas chemistry (Mahon and Finlayson. 19-2; 
DSIR files) for production wells such as BR3. 8. 9? 11. 13, 20, 25 and 31 (Fig. 14). which have 
little or no e.xcess 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 H2/H.S ratio would be expected. This can be explained for wells 
BR4, 7. IS and 24 by the e.xcess enthalpies of discharge (Table 6 and Mahon and Finlayson. 
1972). Since H2 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./H2S ratios than the parent liquid (Fig. 12). 

The anomalous H2/H.S ratio for BRIO and 12 (also anomalous for CO2-H2-CH4 equilibria; 
Fig. 12), however, cannot be explained by vapor-rich discharges, as they are not excess enthalpy 
wells (Table 6). Rather, they agree with H2/H2S ratios expected for pyrite-pyrrhotite equilibria: 

FeS. -f H. = FeS -I- 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 H2/H2S ratios. 

Pyrrhotite at Broadlands is restricted to local occurrences in BRl, 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 vvith 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 H2/H.S ratio for BRIO 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 et al., in press) may be evidence that pyrite-pyrrhotite 
reaction is controlling the Hi/H.S jatio, 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) indiicate calcite undersaturation, 
and equilibria with K-mica, chlorite and pyrite. Marginal wells with a component of C02-rich, 

i l l 
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steam-heated waters have lower temperatures and higher acidities than the production wefls, ;-/., 
leading to greater undersaturation with respect to calcite and adularia, and pyrite-pyrrhotite ,;l 
equilibria (the latter reflecting a relative depletion in H2S). 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 ?i 
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 ofthe system, may also explain the common occurrence there of sphalerite and 
galena through a reaction of the form: 

(Pb. Zn)S -t- 2H" -f mCr = (Pb, Zn)Cl^~" + H.S (6) 

(Seward. 1984: Ruaya and Seward, 1986). though the actual complex responsible for metal 
transport may be a mi.xed ligand species. The unetched nature of the sphalerite and galena at 
depths below 500 m (Weissberg era/., 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 instability. 

THE GEOCHE.VIICAL 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 e.xcess of 300°C (Figs 3. 4, and 6). They are best represented in terms of 
lemperature and liquid composition (Fig. 8) by the deep discharge of BR15 (cased to 1067 m), 
though the deep aas 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. 15). As they begin to boil during ascent, they cool and quickly shift from Na/K 
feldspar equilibrium; in effect, the high temperature equilibrium value ofthe ajva-ZaK- ratio is 
"frozen in", particularly in the West Bank production well (upflow) fluids (Fig. 15). This boiUng 
trend, whh 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 steam-heated vvaters (Fig. 8) prior to their discharge to production vvells. 

"OO Temperature °C 200 300 

Fig. 15. Temperature-log (a -̂a-f/aK-t-) 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 to 
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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Fig-, 16, Tomporature-I?^-5, (bari) relnlionshiR'('Giaaenbach. i,yH4) for Broaditm'ii: Huids (excluding those .with excess 
enthalpvcond^ticfn^„i,'e, a majoritv*ol East B__ank prti'ducit1g.wj;|ls)^ .-Vltticugh boiling will locajlycause a.fl'uid to become 
K-feldspar (adularia I stable,.smallani'ouiitidfailuiicin.willre'tur'n it to K-mica.(illite i staHiliiy, GontinUed dilu'titfii bythe 
steam-heated waters eventuallv precludes.;! fluid ever regaining adularia statiiliiy. both in chemical terms as well as 
phvsicallv; this is because mixing rem.ovei the'asc'endi'ng liCjuid from'its vappr"_>5:ijraiioti temperatijre'. i.e.Jt car. no-
longer boil. Coniirued cooling bv dilution, whether it be with COj-rich^ stetim-he^iieJ waters.pr'by.cool.groundwatcr. 
.nrovide.';̂  the opportuniiv for .kaolinite stability to he reached over th;u of illiie-smcciite. due to the increasing 
Jisscciaticn of H;Cp-, with" deci'eaiiiig temjierature. Thib'.aceount.s tW the o'ccurrence of kaolinite'-at deptli on the 

marg'ins cf'the'-systeni (Talile-1), 

This'dilution shifts the deep fluid fî oni Na-K feldspar equiiihrium,,.since the'diluent has a 
relatively low Na"/K" ratio cbiiipared to feldspar equilibrium (Fig. 15),. It. is. likely that. 
equilibria other than ih;ii'in\-6lving the feldspars cbntrbls the lower-temperature Na^/K~ ratio's 
tVf the sieam-hea:i;d waters: this may relate to'the tixaiion of K"̂  into clay minerals (Giggenbach. 
19SS). the latter being particularly common at Broadlands (Table 1), 

The shift of Broadlancis jniineral-fiuid equilibria from a "fuli equilibrium" assemblage 
(Giggenbach. 1984.19S&) of Na-feldspar-K-feldspar into the K-mica stability fie:id i_̂s mainly due 
to the dilution of'the deep fluid by marginal steam-heated waters (Fig. S), as boiting'by th.e 
ascending fluid generally favors K-feldspar stahiliiy. This shift in mineral stability is reflected in 
the trerids depicted on Fi'g. 16, wherdi small amounts of mixing with a cooler water quickly 
removes a fluid from theK-feldspar stable bbilingpath into thestability field bf K-mica";. Despite 
resumption of boiling after dilution, it is difficult for a fluid to evolve sufficient GO. at lower 
temperature to again become saturated with respect to K-feldspar. Extensive boiling and.steam 
loss would be niost cornmpn in fractures, where a.fluid boils during ascent with little interaction 
with the rock (e.g. the fluid discharged from BR35 isjust K-feldspar stable (Fig, 16). and has the 
lowest gas content of BroadlandsHvells- Table 4). Vein adularia has been used to indicate zones 
of high permeability (i.e. highfluid flo>v and boiling) at Broadlandsand elsewhere (Browne and 
Ellis, 1970; Browne, 197,8)." 

The shift to illite (and eve'n-kablih!te)'Stability at Broadlands'is hastened by the fact thatthe 
diluent is steamrh'eated and GO..-riish (Fig. 16). Theabundance of illite (Browne, 1971a,1973a; 
Hedenqtiist, 1983b) in, core from Eafst Bank wefls is cohsistent'with the shift in miiiefal stability 
(Fig. 16) expected from the degree of dilution of Ea'st Bank production fluids when compared 
with that ofthe West Bank fluids (Fig. 8), This increased dilution in the East Bank, and its 
favoring of illite deposition, may account for lower permeabiUties(and resultant excess enthalpy 
conditipns) present in eomparison^'ith West Bank wells. 

The interstratified iilite-sniectite-at shallpw levels over the deep upflow, lalpng-with rninor 
occurrences of kaolinite (e.g. B;R3i; Table 2) is consistent with the^>presence of relatively'cpot, 
steam-heated waters. "Riese waters may'cool even more pn ;the deeper margins of the system. 

' ! t 
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'explaining the more common occurrence of kaolinite here (Table l);-the stability of kaolinite 
over"illite at lower teniperatures (Fig: 16) is favored by the increased dissociation pi H.f O3. 

%, 

CONCLUSIONS 

The deep upflow of chloride fluids at Broadlands is fpcused into East and Wesi Bank 
production zones. The fluid begins to boi I at .^ 1500 m and a300°C vvith a, pjebqi ling gascoirtent 
of S:0.6 mol CO.. Dilution with riiarginal steam-heated groundwaters, which.have an end-
member temperature'of about 150'C and cpntain'at least 0.1 mo! GO., is more commbii in the 
East Bank; than ih the West Bank. 

Fluid inclusion evidence indicaies that in the past, upflt>w of the deep fluid was focused to a 
gfeiiter degree beneath the East Bank. .Although cold groundwater may have iniiially Iwen th.e 
diluent, boiling resulted in the fprmatiori df the stfcam-heated waiters, which subsequently 
diluted the ascending ehlpride fluid. With time 'and as steani-heated_waters continued to be; 
generated, this mixing occurred deeper in the system as the relatively cool and dense sict'un-
heated wat^ers-de see nded alone themargihs. This is now part ieularly evident in the' E;ist Ban k (to 
depths > 10.00. m). resul ri hg in so iri e eooli ng a nd i 111 t e (:± k ao lini te a lul ;si d e rite) d c posi i j 011 here 
in conjunetion vvith tlie dilution 

Deposiiitin ofillite in fractures and pore spaces, largelv due to'the incursion of diluting jteam-
heatedvvaters, decreased average peimeabilitiel in ih'e East Bank (Hedcnqtusi. I9! .̂̂ b!. Thi,< 
lowering of the.permeabilityiTiay hav:e been the cause'ottho proposedshin in the tpeusof upflgw' 
towards the West Bank, Thi;re is linle-evjdence of dilution and cooling.of deep fluids until they 
reach the shallg.w-levels (5OO-U10tini depth) and margins of the West Bank pprtioh of'the 
system. 

A general assessmeift of'the state of niineral-fiLiid equilbriiiindicates that e,xCt;ss enthalpy 
wells (i.e. two phase fi^edztShes) are not suitable for calcu 1 a ti n j;,gas com po'si tions of reservoir 
liquids. This may be due to non-equilibri.um.disiri bution pf gases betweeh liquid and vapor inthe 
flashing reservoir. However, liquid feed \yells indicate saiurati'on wiiji illite and undersaiuralion' 
vvith cali::ite, plus pyrite-ehlorite stabiliiy. Thtj conimon presence-pf adularia and calciie as 
fracture fillings may be„due to enhanced boiling and gas loss in the fractures as compared with 
the liquid in the formatidn. 

Cooling of the botUng upfldw by mixing with the steatp-heatedwaters is the: prineipal causeof 
the shift from deep fe.Idsparstability to that of iUi[e..The presence'of the relatively eopl ( - 150°C) 
steam-heated vv'aters'over arid marginal to the deep upflow isxonsistent with the distribution of 
inteist rati fied illite-smectite, as well as maEginaJ kaoUnite, siderite and pyrrhotite. 

Continued evolution of the Broadiands sysiem may pri3ce'eti along the lines of that at 
Waiotapu (Hedenquist and Browne, 1989), where deisp incursion of steam-heated vvater has 
had a.ndtabJe effect pn the focus of upflovv, as well as on the system's mineralogy and isotopic 
composition. 

Mixing of a deep upflo.w fluid, w-ith any cooler, near surface water-will greatly affect the 
alteration mineralogy ofthe system (Giggehbaeh, 1984). Therefore, maTginal waters mtist'̂ be 
considered ih the disvelopmeht of interpretive models for any system. The occurrence of steam-
heated waters'in geothermal systems is common, e . j , Hakone, Japan (Qki and Htfano, 1970); 
OIkaria, Kenya (Leai:h and Muchemi, 1987); Kavyah Kamojang, Indonesia (Kartokusomo et 
al,, 1976); Philippines systems (e.g. Maunder .e/ aL, 1982); ahd New Zealand systems (e.g. 
Hedenquist and Browne, 1989). For this-reason chemical, thermal-and mineralogical evidence 
for their preserice should be sought during exploration (e.g. Fe and Mg carbonates are common 
over the tops of Philippine systerns; C. P. Wood, personal communication, 1.988), The 
occurrence of steam-heated waiers at shallow' levels and on the margins of the.systeni mean they 
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may be-easily overlooked. However, dilution trends (even frorn spring data) witl often indicate 
their presence. Identifieatipn of the distribution (and chemistry) of steam-heated waters will 
assist in defining the zone of deep upflow, as well as identifying potential developmerit-telated 
problems such as easing corrosion and drawdown of marginal waters into the production zone. 
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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 nomiaJ, has a steep dip, and is 
still active, with displacements that total 450 m in the Te Kopia 
area. The fault continues to 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 
(>75,0(X) years) are evident from the geological record and 
direct observations. For example, beginning in about 
November 1993, three areas in the north-west part ofthe field 
have changed thermally. Temperature surveys at 1.0 m depth in 
January, February and March 1994 show the areas affected are 
10,000 m2 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 alterarion, 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 
geotheirnal system 

INTRODUCTION 

The Te Kopia geoihermai field, the north-eastern section ofthe 
larger Orakeikorako and Te Kopia geothermal system (Bignall 
and Browne, submitted) has been little 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 teaonic feature of the 
Taupo Volcanic Zone (TVZ; Figure 1), and at the eastem 
margin of the Maroa Volcanic Center from which voluminous 
ignimbrite sheets erupted in Quatemaiy times. At least three of 
these sheets are now exposed on the eastem 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 nonnal, 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 
(Nairn and Hull, 1986) and its displacement rate over 75,000 
years averaged 4 ra/thousand years (Kcall, 1987). Thc thernial 

evolution of Te Kopia is cleariy linked to episodes of movement 
along this fault, and there has long been interplay between the 
hydrology of the field and faulting, thermal activity, 
hydrothermal alterarion, and the landsliding events which have 
occurred there. 

Figure 1: Location of Te Kopia geothermal field in relation to 
the Paeroa Fault and Orakeikorako. Presentiy 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. 
Descriptions 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 ct al. (1993) and 
Bums and Leathwick (1993) have studied the types of 
vegetation present and their distribution with respect to the 
present thermal regime. 

PRESENT DAY SURHCIAL 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 
vEuies up to about 1.2 km in the north (Figures 2 and 3). 

•.•.!,',y!« 

Figure 2: Distribution of main area of thermal activity in the 
southem part of the Te Kopia field showing distribution of 
thermallv altered ground and location of drillholes; 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 of steaming 
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 witii others along tiie 
crest of the scarp but seldom visited. A few smaller steam 
vents also occur at the foot of the fault scarp. 

(2) Small lakes witii acid sulfate waters are present in two 
areas along tiie 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 tiie Nortiiem Lakes thermal area is a mud geyser 
whose periodicity and magnitude largely depends upon 
the amount of rainfall. 

(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 firom slight to several 
litres per second at temperatures up to 59*C The Road 
Springs (Figure 3) are honcr (75"C) but have discharge 
rates between 1 and 2 litres 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 field. 

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 15.000 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 

Tliere have been changes in thermaJ 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 fi'om the Paeroa Fault trace (Figure 3). The eastem parts 
of this area were visited by students making ground temperature 
and resistivity surveys in September 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 ixcurring, and these 
continued until at least April 1994. 

(a) A vigorously discharging fumarole formed on Murphy's 
Hill, a few meters south west of the rwo long-established 
mud pots (Figures 2 and 3). In January and February 
1994 tills was discharging a high volume of gas and very 
viscous mud. Ground "thumping" was felt up to 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 spattered the surround, 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 January 22, February 15 and March 
21,1994, using a tiiermocouple and meter. 

(i) Measurements made on January 22, after vegetation 
dieback began, outlined an area of above-ambient 
temperature extending over 2700tn^ (Figure 4). 
Temperatures were highest in the 1.0 m deep holes 
closest to the new fiimarole, 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 
pattem then was very similar to that measured on 
January 22 but the three hottest areas had each 
increased in size by several nieters, mainly in a 
north-easterly direction. The maximum temperature 
in the westem thermal high had, however, cooled 
from 85' to 79' and the central one from 73* to 62*. 
By contrast, ground temperatures directly to the 
nonh-east of die formerly hottest survey holes had 
increased from 5 to 12' in the 25 days between the 
rwo surveys (Figure 5). 

(iii) The survey on March 21 showed an overall cooling 
pattem. TTiis 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 to 77*C). 

The changes in ground temperatures at Murphy's Hill show no 
simple pattem. Between January 22 and Febmary 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 

discharge. Steaming ground 50-100 m north west of Murphys 
Hill also appeared to remain the same. 

Pine Plantation: Two areas totalling 7200 m^ covered by long 
grass and pine seedlings (Figure 3) showed signs of thermal 
stress in late 1993. By January 1994 the two areas (southem 
and nonhern pine plantations) had temperatures at 1.0 m depth 
that showed ellipsoid-shaped isotiienmal patterns whose longer 
axes were aligned in ESE (southern pine plantation) and NE 
(nortiiem pine plantation) directions. The smaller southem area 
had maxima of 52* and 48*C about 33 m apan on January 23. 
By Febmary 16, the two areas of thermally-stressed vegetation 
had increased to about 8000 m^, and the soutiiern plantation had 
maxima that had increased by 5* (to 57*) and 17* (to 66*); 
temperatures at 12 of the 13 stations common to the two 
surveys had cooled to belween 51* and 63*, and 10 of the 11 
olher survey stations had cooled by between 1 * and 6*C. Only 
the most south-easterly station had heated (by only 1.4') 
between the iwo surveys. 

The northem pine area had 4 thermal maxima (of 67', 85' , 86* 
and 59*) on January 23, aligned in a nonh-easteriy direcdon and 
extending over 185 m. By Febmary 16 the three westernmost 
of tiiese 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* 
to 6*), with 7 recording cooling and 20 heating. In the next 34 
days tiie 4 maxima had again changed, from west to east, by 
-2*, -5 ' , +2' and -4*. Cooling dominated in the area overall 
with 26 Olher stations recording a reduction in temperature by 
between 1* and 6*, but only 6 cenu-ally-located stations became 
hotter. 

The changes in thermal activily 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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le 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, submined). One has an inferred trace that extends 
through the newly fonned hot ground in the pine plantations. 
On 28 and 29 November 1993, the Te Kopia area was affecled 
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 
tiiese earthquakes is not known but it seems il was wdthin the Te 
Kopia area itself There is no direct evidence linking these 
earthquakes to the onset of the ihermal changes described but it 
is possible that they affected tiie shallow subsurface hydrology 
of die northem pan of the field. Past fluctuations in the level of 
ihermal aciivity 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 f)eriod of ihermal activity here. 

Alternatively, 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 Ngakum Station, 10 km to the north wesl, 
show that 1029 mm of rain fell there in 1993 compared witii an 
annual mean of 1193 ±132 mm. That year was, in fact, the 
driest year at Ngakum for the pasl len years; it is possible that 
the reduced volume of water mnoff from the Te Kopia scarp 
has allowed these small thermal areas described to heat as the 
giDundwater table descended. 

Changes in the past 150 vears 

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, starring with 
von Hochstetter (1864) in 1859; (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 ihermal 
activity but pointed out the dangers from landslides being 
triggered by earthquakes. He described^ the mud geyser, still 
active today, and apparentiy 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 ti;e 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 noi then discharging. 

Grange (1937) reported briefly on the Te Kopia geoihermai 
area, based on his field work in 1929. Unfortunately he made 
no map, bul there is nothing in his account which implies that 
condilions were greatiy 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 Northem lakes (see Figure 2). We conclude, 
therefore, that there is no evidence from the few written 
accounts available that thermal activily 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 Northem lakes area in 
1886 contemporaneous with the basaltic eruption frora Mt 
Tarawera. The two mudpots on Murphy's Hill enlarged in 
about 1971, but there is no documentation ofthis event 

Preliminary inteipretation and comparison of thennal 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 tiie 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 tiiis 
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 tiierefore still reaches the surface in tiie low elevations of 
the Central lakes, bul the proportion of chloride waler 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. 

Changes in the pasl 75.000 vear!̂  

Evidence for changes in near-surface geoihermai activily at Te 
Kopia is as follows (Bignall, 1994: Bignall and Browne, 
submitted): 

(1) The occurrence of silica sinter in the Cenffal Lakes area, 
but about 5 m above the present lake levels, which C'"* dating 
shows deposited 3026 ±43 years BP. Alkali chloride waters 
were iherefore discharging here at that time. 

(2) The presence of at least two separate deposits of 
hydrothermal emption breccias, alihough it is not cenain that 
either derive from craters in the Nonhern or Central Lakes areas 
(Figure 2). The relationships between the emption breccias and 
inierbedded lephras indicate that two eruplions occurred 
belween 186 AD and 22,700 years ago. 

(3) Extensive 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 biieccias 
are hydrolhermally altered (including mordenite, quartz and 
adularia), proving that geotiiermai activity was taking place on 
tiie scarp before tiiese landslides occurred. It seems most likely 
that episodic movement on the Paeroa Fault triggered the 
landslides. 

(4) The widespread overprinting of hydrolhermal alteration 
minerals in rocks exposed on the fault scarp. For example, 
rocks originally allered in the subsurface to a quanz-illite 
assemblage are now partly replaced by kaolinite. In the most 
strongly overprinted rocks, tiie 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) witiiin a 
geotiiermai reservoir, for example, adularia, illite and chlorite. 

(6) The occurrence of euhedral quartz crystals on the ground 
in two areas east of the Paeroa Faull. These contain liquid-rich 
fluid inclusions tiiai homogenise at 196 ± i r C and 188 ±I5*C. 
Consideration of the boiling temperature versus deplh 
conditions indicate that one sel of quariz 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 
tiie floor of the Tc Kopia Valley. These crystals have thus been 
uplifted by at least 315 m. By similar reasoning, tiie other set 
of quartz crystals, now 180 m above the valley floor, have 
ascended at least 300 m since their formation. 
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FIGURE 4. Contoured temperature profile map of Murphy's 
hiill area, showing ground temperatures at 1m 
depth on 22nd January 1994. 
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CONCLUSIONS 

Evidence and observations show tiiat surface tiiermal activily ai 
Te Kopia has changed constantly during tiie lifetime of the 
sysiem, 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 lefl Their marks in the 
geological record. The locaiion of tiie Te Kopia field on a major 
active tectonic feature (Paeroa Fault) has allowed interplay 
belween hydrology and fault movemeni. 

Most major displacements on the faull resulted in a change in 
hydrology of the geothermal field, probably caused landsliding, 
and perhaps some movements triggered hydrothermal 
eruplions. Because of the sensitivity of a geoihermai 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 eastem block of the Paeroa Faull 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 textural overprinting, and provides 
information about temperatures and fluid types then presenl in 
the former reservoir. 

In the past 3000 years, the piezometric 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 
temperamres in the present reservoir exceed 240' at a depth of 
1200 m. The Te Kopia field is still very active despile its 
longevity.' 
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