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PREFACE 

This is the final report for the 
Geothermal Pilot Study established 
under the auspices of the NATO 
Committee on the Challenges of Modern 
Society. 
Pilot Program is to apply existing 
research results to a given problem, 
transmit findings and recommendations 
to the member countries, and stim- 
ulate appropriate follow-up action. 
This task could not have been ac- 
complished in the five substudies 
of the Geothermal Pilot Study with- 
out the cooperation and support 
of all the participants involved. 
In addition to many others whose 
efforts are reflected in this report, 
the international geothermal energy 
community at large owes a special 
vote of thanks to Sadrettin Alpan, 
Mineral Research and Exploration 
Institute (Turkey) ; Richard Bolton, 
Ministry of Works (New Zealand); 
John Garnish, Energy Technology 
Support Unit-Harwell (United King- 
dom); Oskar Kappelmeyer, Geological 
Survey (Federal Republic of Germany); 
Karl Ragnars, National Energy 

The objective of the CCMS 

Authority (Iceland) ; and Paul 
Sangnier, De'le'gation Ggne'rale 2 la 
Recherche Scientifique et Technique 
(France) for their leadership in 
bringing the CCMS Geothermal Pilot 
Study to a successful conclusion. 

The editors wish to express their 
appreciation to Edwina Campbell, 
Kenneth Fulcher, F. Allen Harris, 
F. S. M. Hodsoll, John H. Howard, 
James T. Kuwada, Anders Lundberg, 
Leland Mink, Inja Paik, Sidney L. 
Phillips, and Morton C. Smith €or 
their comments and suggestions in 
the preparation of the final report. 
Special credit is due Evelyn Rowe 
of the Division of Geothermal Energy 
for her editorial and production 
assistance. And the support of the 
staffs at the Division of Geothermal 
Energy, Department of Energy (DOE) ; 
Word Processing Branch, Office of 
Administrative Services (DOE); and 
Technical Information Department 
of the Lawrence Berkeley Laboratory 
is gratefully acknowledged. 

James C. Bresee 
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1. INTRODUCTION 

The Geothermal Pilot Study under the 
auspices of the Committee on the 
Challenges of Modern Society (CCMS) 
was established in 1973 to apply an 
action-oriented approach to inter- 
national geothermal research and 
development, taking advantage of 
the established channels of govern- 
mental communication provided by the 
North Atlantic Treaty Organization 
(NATO). The Pilot Study was com- 
posed of five substudies which were 
identified as useful areas for in- 
ternational cooperation by a com- 
mittee of geothermal experts from 
eleven countries. They included 
(1) Computer-Based Information 
Systems, (2) Direct Application of 
Geothermal Energy, (3) Reservoir 
Assessment, (4) Small Geothermal 
Power Plants and (5) Hot Dry Rock 
Concepts. The United States served 
as the pilot country* for the Geo- 
thermal Pilot Study, with Italy and 
Turkey as co-pilot countries. Since 
its inception, the Geothermal Pilot 
Study has also included the partici- 
pation of geothermal experts from 
Canada, Egypt, El Salvador, the Fed- 
eral Republic of Germany, France, 
Greece, Haiti, Iceland, Indonesia, 
Ireland, Japan, Kenya, Mexico, New 
Zealand, Nicaragua, Netherlands, 
Philippines, Portugal, Spain, Sweden, 
Switzerland, the United Kingdom, and 
Yugoslavia. 

A l l  five substudies of the Geother- 
mal Pilot Study have been completed. 
The United States will present the 
final report of the Geothermal Pilot 
Study and recommendations for future 
cooperation at the Fall 1979 Plenary 
Session. A conference in 1980 will 

review the progress of geothermal 
development in the participating 
countries. The proceedings of that 
conference will serve as a follow- 
up report for the Geothermal Pilot 
Study. 

This is the final report of the Geo- 
thermal Pilot Study. It is organ- 
ized in three parts, with appendices. 
Part I is this introduction. 
Part I1 is an Executive Summary 
of the Geothermal Pilot Study that 
highlights the considerations, 
objectives, program efforts, and 
recommendations of the overall 
study and individual substudies. 
Part I11 consists of Sections A-E, 
one for each of the substudies 
in the Geothermal Pilot Study. 

Each substudy report in Part IT1 
is divided into five sections: 
(1) Introduction, (2) Objectives, 
(3) The Program, (4) Conclusions, 
and (5) Recommendations for Inter- 
national Action. The body of each 
substudy report is intended to 
present a profile of the technical 
investigations carried out in the 
substudy. The conclusions and 
recommendations sections provide 
a statement of findings for each 
of the technical investigations 
and define areas for future cooper- 
ative activities in geothermal 
development . 
Appendix 1 is a record of partici- 
pants for the major international 
conferences of the Geothermal Pilot 
Study, and a summary of geothermal 
development among the participating 
countries is provided in Appendix 2. 

*A description of 
under the section 

the CCMS Pilot 
'' International 

Country concept 
Participation". 

is provided on page 4 
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A more detailed description of U . S .  
programs relevant to the CCMS Geo- 
thermal Pilot Study is included in 
Appendix 3. 
tended to support planning efforts 

for the 1980 Review Conference on 
International Geothermal Development 
and to acquaint participating coun- 
tries with ongoing U . S .  programs. These summaries are in- 

n 



I I .  EXECUTIVE SUMMARY 

INTRODUCTION 

Geothermal energy resources are a 
s h o r t  d i s t a n c e  from every s p o t  on 
e a r t h .  However, they only become 
p r a c t i c a l  where t h e r e  are near- 
s u r f a c e  i n t r u s i o n s  of  magma or 
molten rock, or where there are 
crustal d i s t o r t i o n s .  The h e a t  flow 
from a l l  sources  is recoverable  
i n  e i t h e r  water reservoirs or rock 
formations.  Occurrences of  p r a c t i -  
c a l  geothermal energy are numerous 
and s c a t t e r e d  throughout t h e  world; 
y e t  t h e  resource is very l i t t l e  
used today. The approximately 
1 ,400  MWe of geothermal energy 
being produced i n  e leven  c o u n t r i e s  
r e p r e s e n t s  less than 0.1 pe rcen t  
of t he  e a r t h ' s  t o t a l  demand f o r  
electrical  power (see Figure  11-11 , 
and is a much smaller pe rcen t  of 
t h e  e a r t h ' s  to ta l  p o t e n t i a l .  I n  
a d d i t i o n ,  t h e  p o t e n t i a l  f o r  d i r e c t  
(nonelec t r  ic) u s e  of geothermal 
h e a t  i n  a g r i c u l t u r a l ,  i n d u s t r i a l ,  
and space hea t ing  a p p l i c a t i o n s  
has  only  been p a r t i a l l y  explored.  

Underu t i l i za t ion  of geothermal 
energy r e s u l t s  from a l a c k  of knowl- 

edge about  t h e  t e c h n i c a l  and eco- 
nomic f e a s i b i l i t y  of developing 
t h e  resource. Because of t h e  p a s t  
a v a i l a b i l i t y  of cheaper energy 
sources  such as o i l  and g a s ,  t h e r e  
has  been l i t t l e  incen t ive  to  over- 
come t h e  t e c h n i c a l  and resource 
assessment problems t h a t  might lead 
to reducing economic u n c e r t a i n t i e s .  
Furthermore, t h e  economic and 
environmental  t r a d e o f f s  between geo- 
thermal energy and a1 t e r n a  te f u e l s  
are s t i l l  poor ly  understood. 

The need f o r  i n t e r n a t i o n a l  cooper- 
a t i o n  to expand geothermal r e sea rch  
and development was recognized by 
t h e  United Nat ions w e l l  be fo re  t h e  
impact of t h e  1973 oil cr is is .  A s  
e a r l y  as  1961, p a r t i c i p a n t s  a t  t h e  
United Nat ions Conference on New 
Sources  of Energy made s p e c i f i c  
recommendations for coope ra t ive  
research .  During t h e  decade 1965 
to 1975, t h e  United Nat ions executed 
s e v e r a l  geothermal e x p l o r a t i o n  
projects i n  coopera t ion  w i t h  the 
governments of E l  Salvador ,  C h i l e ,  
Turkey, E th iop ia ,  Kenya, and 
Nicaragua.  The f i r s t  United N a t i o n s  
Conference on Geothermal Energy 

lcsland Turkey U S  S R Philippines 
, 7 * M ~ .  nr.Mryl 5MWa 5 5 M W e  i n  1970 f u r t h e r  encouraged and U S A  

520 MWe 
supported i n t e r n a t i o n a l  geothermal 
R&D a c t i v i t i e s .  

CCMS 

The NATO Committee on the Chal lenges 
I I  of Modern Socie ty  (CCMS) was 

e s t a b l i s h e d  i n  1969 to address  the 
concern of t h e  i n d u s t r i a l  na t ions  
f o r  t h e  q u a l i t y  of l i f e .  Severa l  
f e a t u r e s  of  CCMS have con t r ibu ted  

o r i e n t a t i o n  towards short- term 
M e x m  El Sslvador Italy Taiwan Japan New Zealand t o  i ts  e f f e c t i v e n e s s .  One is an 

75 MWe 60 MWe 420 MWs 0 3 MWe 128 MWe 202 MWB 

Figure  11-1. Worldwide d i s t r i -  a c t i v i t i e s .  Another is e f f e c t i v e  
but ion  of geothermal power u s e  of e x p e r t s  and resources on a 
(1400 We). given problem, emphasizing the  

s y n t h e s i s  of e x i s t i n g  knowledge (XBL 785-8747) 
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toward practical a p p l i c a t i o n s  as 
c o n t r a s t e d  wi th  basic research.  The 
r e s u l t s  of CCMS s t u d i e s  are d i s -  
seminated to t h e  p u b l i c  wi thout  any 
s e c u r i t y  or p r o p r i e t a r y  d a t a  restr ic- 
t i o n s .  The l i b e r a l  policy of  accom- 
modating o u t s i d e  obse rve r s  i n  s t u d i e s  
and meetings has  f o s t e r e d  open com- 
munication among p a r t i c i p a n t s  and 
t h e  p u b l i c  a t  l a rge .  F i n a l l y ,  t h e  
e f f o r t  to f i n d  long-term sponsorsh ip  
f o r  success fu l  CCMS p i lo t  s t u d i e s  has  
extended t h e  impact of i nd iv idua l  
s t u d i e s  beyond t h e i r  l i m i t e d  du ra t ion .  

Geothermal P i  l o t  Study 

A t  t h e  1973 Spring Plenary he ld  i n  
O t t a w a ,  Canada, t h e  Honorable Russe l l  
T ra in ,  then  United S t a t e s  Repre- 
s e n t a t i v e  to CCMS, proposed that  
CCMS apply its ac t ion-or ien ted  
approach to solar and geothermal 
energy, resources  t h a t  are viewed 
by many as  less environmental ly  
damaging than  most p r e s e n t  energy 
sources. Mr. Train  stressed t h e  
urgency of  t h e  l i m i t e d  a v a i l a b i l i t y  
of f o s s i l  f u e l s ,  t h e  r e s u l t i n g  need 
to match energy supply to demand, 
and t h e  n e c e s s i t y  of  improving t h e  
e f f i c i e n c y  of  energy use. These 
proposals rece ived  s t rong  support  
from p a r t i c i p a n t s  of t h e  P lenary  
Conference. 

Following t h e  A p r i l  1973 Plenary  
meeting, t h e  United S t a t e s  sponsored 
an i n t e r n a t i o n a l  meeting of experts 
i n  C a l i f o r n i a  i n  October 1973 to 
d r a f t  a proposa l  f o r  the Geothermal 
P i lo t  Study. The meeting included 
v i s i t s  to geothermal s i tes  i n  t he  
United S t a t e s  and Mexico. 

F ive  areas of  u s e f u l  coopera t ion  
were i d e n t i f i e d  as r e l e v a n t  to t h e  
t e c h n i c a l ,  economic, and i n s t i t u -  
t i o n a l  problems confront ing  geo- 
thermal  development, and were sub- 
sequent ly  approved by t h e  CCMS 
Plenary  Committee and t h e  North 
A t l a n t i c  Council  f o r  t h e  p i l o t  s tudy.  
These were (1) Computer-Based 

Information Systems , ( 2 )  Direct 
(Nonelec t r ic )  Uses of Geothermal 
Energy, (3) Multipurpose Processing 
and Disposal of Geothermal Br ines ,  
( 4 )  Small Geothermal Power P l a n t s ,  
and ( 5 )  H o t  Dry Rock Concepts. The 
t h i r d  t o p i c  was subdivided f o r  p a r t  
of t he  p r o j e c t  i n t o  Reservoir  Engi- 
neer ing and Geothermal F l u i d  In j ec -  
t i o n  and la ter  recombined as Reser- 
vo i r  Assessment. 

I n t e r n a t i o n a l  P a r t i c i p a t i o n  

The CCMS Geothermal P i l o t  Study made 
use  of t h e  "pi lot  country" approach, 
i n  which ind iv idua l  c o u n t r i e s  are 
respons ib le  for coord ina t ing  the  
development and implementation of 
t h e  s t u d i e s ,  the  p repa ra t ion  of t h e  
f i n a l  p r o j e c t  r e p o r t ,  and the moni- 
t o r i n g  of recommendations i n  p a r t i c -  
i p a t i n g  c o u n t r i e s .  The purpose of 
t h e  " p i l o t  country" approach is to 
avoid  t h e  c r e a t i o n  of an  in t e rna -  
t i o n a l  secretar ia t  which may hamper 
d i r e c t  i n t e r a c t  ion  among e x p e r t s  . 
The viewpoints  of those  ou t s ide  t h e  
A t l a n t i c  Community were a v a i l a b l e  
to  h e l p  shape t h e  Geothermal P i l o t  
Study because t h e  " s i l e n t  consent"  
process  pe rmi t t ed  non-NATO c o u n t r i e s  
to p a r t i c i p a t e  through t h e  non- 
o b j e c t i o n  of member c o u n t r i e s .  Geo- 
thermal  e x p e r t s  from non-NATO 
c o u n t r i e s  w i t h  a long h i s t o r y  of 
geothermal exper ience ,  such as New 
Zealand, Mexico and Japan,  played 
an important  role i n  t h e  subs tud ie s  
from the  outset. As t h e  i n d i v i d u a l  
subs tud ie s  p rogres sed , the  p a r t i c i -  
p a t i o n  of e x p e r t s  expanded to in- 
c lude  n a t i o n s  n o t  involved i n  t h e  
planning s t a g e s  of t he  P i l o t  S tudy .  

F i f t e e n  c o u n t r i e s  accepted the  
g e n e r a l  program proposa ls  adopted 
by the  organiz ing  meeting i n  1973 
and appointed coord ina to r s  to 
a r r ange  f o r  n a t i o n a l  p a r t i c i p a t i o n .  
A list of c o u n t r i e s  and r e s p e c t i v e  
coord ina to r s  is g iven  below: 
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of Germany 
France 
Greece 
Ice land  
I t a l y  
Luxembourg 
Mexico 
Nether l ands  
N e w  Zealand 
P h i l i p p i n e s  
Por tuga l  

Turkey 
United Kingdom 
United States 

Alan M. Jes sop  
O s k a r  Kappelmeyer , 
Richard Neumann 
Paul  Sangnier 
P. Gounaris 
Karl Ragnars 
Ezio Tongiorgi 
mile Krieps 
Jo rge  Guiza 
W. J. Elzinga 
Frank S t u d t  
Ar turo  Alcaraz 
A l f  redo Simoes 

Sadre tt i n  Alpan 
John Garnish 
James C. Bresee 

Mendes 

These f i f t e e n  c o u n t r i e s ,  as  w e l l  as 
many others no t  o f f i c i a l l y  part of 
t h e  CCMS P i l o t  Study, participated 
as obse rve r s  or c o n t r i b u t o r s  i n  the 
substudy a c t i v i t i e s  (Table 11-11. 

Ind iv idua l s  sometimes took  part  as 
p r i v a t e  c i t i z e n s ,  r a t h e r  than w i t h  
government sponsorship.  I n  partic- 
u l a r ,  Japanese geothermal e x p e r t s  
always p a r t i c i p a t e d  wi thout  govern- 
ment sponsorship and any impl i ca t ion  
otherwise is unintended. Management 
of the  ind iv idua l  substudies was 
provided by the  fol lowing persons: 

Computer -Ba sed Information Sy s tems 

Alan C l a r k ,  U. S. Geologica l  
Survey 

Sidney P h i l l i p s ,  Lawrence 
Berkeley Laboratory (U. S. ) 

James Swanson, U.S. Geological  
Survey 

Emilio S t e f a n e l l i  , Centro  
Nazionale U n i v e r s i t a r i o  d i  
Calcolo E l e t t r o n i c o  ( I t a l y )  

Table 11-1. Participation of international geothermal experts in the cdls 
Geothermal Pilot Study (by substudies). 

Nationality of Planning Information Direct Small Dry Hot 
Participants Meetings System Applications Injection Power Rock 

Plants 
- ~- ~ 

Canada 
m t  
El Salvador 
Federal Rep. 
of Germany 

Prance 
Greece 
Haiti 
Hungary 
Iceland 
Indonesia 
Ireland 
Italy 
Japan 
Kenya 
Mexico 
Netherlands 
New Zealand 
Nicaragua 
Philippines 
Portugal 
w a i n  
Sweden 
Switzerland 
Turkey 
United Kingdom 
united States 
Yugoslavia 

X 

X 
X 
X 

X 
X 

X 
X 

X 

X 

X 
X 

X 

X 

X 

X 

X 
X 

X 
X 
X 
X 

X X 

X 

X 
X 
X 

X X 

X 

X 
X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 
X 

X 
X 
X 
X 

X 
X 
X 

X 

X 
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/- 

Direct Appl ica t ion  of Geothermal 
Energy 

John Howard , formerly Lawrence 
Livermore Laboratory,  now 
Lawrence Berkeley Laboratory 
(U.S.) 

Paul  Sangnier ,  Diilggation 
GQn6rale h l a  Recherche 
S c i e n t i f i q u e  e t  Technique 
(France) 

Reservoir  Assessment 

(a) Geothermal F lu id  I n j e c t i o n  

Kenneth Fulcher ,  U.S. 
Bureau of Reclamation 

(b) Reservoir  Engineering 

Conference held i n  N e w  Zealand 
i n  May 1974, which reviewed t h e  
gene ra l  s t a t u s  of i n t e r n a t i o n a l  
geothermal development and proposed 
possible ways of coopera t ion .  
A summary of ind iv idua l  substudy 
programs follows: 

The Computer-Based Information 
Systems Substudy , i n i t i a t e d  a t  
t h e  New Zealand Conference , 
cons i s t ed  of a one-year t es t  of 
information exchange between 
computer c e n t e r s  i n  t h e  United 
States and I t a l y .  Subsequent- 
l y ,  t h e  information exchange 
system established under t h e  
test program was formalized 
i n  a b i la te ra l  agreement 
between the  United States 
Department of Energy ( former ly  
the Enersv Research and Devel- -- 

Paul  Kruger, S tanford  Un ive r s i ty  opment Adminis t ra t ion)  and 
(U.S.)  Cons ig l io  Nazionale delle 

Paul  Witherspoon, Lawrence d e l l '  Energia  E le t t r i ca  (ENEL) 
Berkeley Laboratory (U.S.) of I t a l y .  

Leland Mink, U.S. 

Ricerche (CNR) and Ente  Nazionale  

Department of Energy 

Small Geothermal Power P l a n t s  

The f i r s t  phase of t h e  D i r e c t  
Appl ica t ion  of Geothermal 
Enersv Substudy involved t h e  

H o t  

Anders Lundberg , Lawrence 
Livermore Laboratory (U. S . I  

Dry Rock 

Mor ton Smith , Los Alamos  
S c i e n t i f i c  Laboratory (U.S.) 

Substudy Programs 

The c o l l a b o r a t i o n  of many e x p e r t s  
was ins t rumenta l  i n  de f in ing  spe- 
cif i c  substudy o b j e c t i v e s  and devel-  
oping implementation programs. The 
usua l  mode of ope ra t ion  was to 
convene a planning workshop during 
which t h e  o b j e c t i v e s  of a substudy 
and an appropr i a  te implementation 
program were i d e n t i f i e d .  The e n t i r e  
Geothermal P i l o t  Study bene f i t ed  
from the F i r s t  Implementation 

p r e p a r a t i o n  of a summary 
r e p o r t  on the  s t a t u s  of d i r e c t  
(none lec t r i c )  uses of geother-  
mal energy around the  world. 
In  the second phase,  France,  
co-chair  ing the  substudy , 
sponsored a Workshop on Space 
Heating i n  Paris i n  June 
1976 and cooperated in  an 
a n a l y s i s  of the  va lue  of 
geothermal energy for d i s t r ic t  
hea t ing  and cool ing.  The 
substudy concluded i n  June 
1977 i n  Washington, D.C., w i t h  
a workshop on t h e  Economic 
Aspects of Direct Appl ica t ion  
of Geothermal Energy. 

The Reservoir  Assessment 
Substudy , which focused on 
r e s e r v o i r  engineer ing  and 
geothermal f l u i d  i n j e c t i o n ,  
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was i n i t i a t e d  a t  t h e  1974 
New Zealand Implementation 
Conference. Three subsequent 
workshops on t h e  state of  
f l u i d  i n j e c t i o n  technology 
were sponsored by New Zealand 
and t h e  U. S. Bureau of Recla- 
mation a t  Wairakei, N e w  Zealand 
(December 1974), E l  Centro,  
C a l i f o r n i a  (May 1975), and 
Taupo, N e w  Zealand (September 
1976). The workshops were 
supplemented by v i s i t s  to on- 
l i n e  geothermal i n s t a l l a t i o n s ,  
informal  informat  ion  meetings , 
and formal exchanges of in fo r -  
mation. As part of the reser- 
v o i r  engineer ing  phase of t h e  
substudy,  coopera t i o n  under 
t h e  CCMS program provided a 
basis for d i scuss ions  between 
t h e  United States and Mexico 
which l e d  to a j o i n t  program 
a t  Cerro Prieto, Mexico. 

The Small Geothermal Power 
P l a n t  Substudy was co-chaired 
by t h e  United States and 
Por tuga l .  During Phase 1 of 
t h e  substudy,  a system concept  
f o r  a small power p l a n t  was 
reviewed a t  t w o  i n t e r n a t i o n a l  
conferences  he ld  i n  June 1975 
a t  Berkeley,  C a l i f o r n i a ,  and 
t h e  Azores, Por tuga l  i n  Sep- 
tember 1975. Phase 2 of the 
substudy involved t h e  prepa- 
r a t i o n  of a set  of t e c h n i c a l  
g u i d e l i n e s  designed to assist 
i n  the procurement q d  con- 
s t r u c t i o n  of a 5 MWe p o r t a b l e  
power p l a n t .  

The H o t  Dry Rock Concepts 
Substudy was intended to 
broaden t h e  experience of 
e x p e r t s  i n  p a r t i c i p a t i n g  
c o u n t r i e s  wi th  hot  d ry  r o c k  
p o t e n t i a l .  The substudy was 
carried o u t  through a program 
of v i s i t s  by fo re ign  s c i e n t i s t s  
to the  U. S. Los Alamos Scien- 
t i f i c  Laboratory (LASL) i n  
New Mexico and t w o  i n t e rna -  

t i o n a l  information meetings,  
he ld  a t  LASL i n  September 
1974 and J u l y  1977. 

The United States, as p i lo t  count ry ,  
r epor t ed  semiannually a t  t he  CCMS 
Plenary meetings on t h e  p rogres s  of 
each substudy,  and presented  an  over- 
view r e p o r t  of the  CCMS Geothermal 
P i l o t  Study a t  t h e  Second U. N. 
Symposium on t h e  Development and U s e  
of Geothermal Resources he ld  i n  May 
1975 i n  San Franc isco ,  C a l i f o r n i a .  
The I n t e r n a t i o n a l  Energy Agency 
(IEA) , which has  assumed t h e  lead 
i n  m u l t i l a t e r a l  coopera t ion  i n  geo- 
thermal energy, also he ld  s e v e r a l  
informal  reviews of the d i r e c t i o n  
and p rogres s  of t h e  CCMS P i l o t  
Study i n  order to avoid d u p l i c a t i o n  
and ensure  c o n t i n u i t y  where long- 
term programs were needed. 

Summary of Accomplishments 

The most s i g n i f i c a n t  o v e r a l l  result  
of the  CCMS Geothermal P i l o t  Study 
has been t h e  es tab l i shment  of an  
i d e n t i f i a b l e  community of geothermal 
e x p e r t s  i n  a dozen or more c o u n t r i e s  
a c t i v e  i n  development programs. 
Membership i n  t h i s  community, 
a l though informal  and changeable,  is 
based on mutual r e s p e c t  and a mutual 
i n t e r e s t  i n  coope ra t ive  research. 

S p e c i f i c  accomplishments inc lude  t h e  
c r e a t i o n  of an i n t e r n a t i o n a l  com- 
p u t e r  f i l e  of t e c h n i c a l  information 
on geothermal wells and fields, t h e  
development of s t u d i e s  and reports 
on direct a p p l i c a t i o n s ,  geothermal 
f l u i d  i n j e c t i o n  and small power 
p l a n t s ,  and t h e  ope ra t ion  of t he  
v i s i t i n g  s c i e n t i s t  program. I n  
t h e  United States, t h e  computer 
f i l e  has a l r eady  proven u s e f u l  i n  
t he  development of - r e se rvo i r  models 
and of chemical geothermometers. 
The state-of-the-art report on 
d i rec t  uses  of geothermal energy 
is proving to be a va luable  resource  
document for laypersons  and e x p e r t s  
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i n  an area of inc reas ing  i n t e r e s t  
to many c o u n t r i e s .  Geothermal f l u i d  
i n j e c t i o n  s t u d i e s  i n  E l  Salvador ,  
N e w  Zealand and t h e  United States 
have been assisted by t h e  Reservoir  
Assessment Substudy and have l e d  
to  long-range r e s e r v o i r  engineer ing  
s t u d i e s  i n  Mexico. A t  least  seven 
small geothermal power p l a n t s  are 
i n  use  or have been planned f o r  
c o n s t r u c t i o n  around t h e  world s i n c e  
the  Small Power P l a n t  Substudy was 
i n s t i t u t e d - - a t  least par t ia l  c r e d i t  
f o r  t h i s  increased  a p p l i c a t i o n  can 
be assi'gned to the EMS Geothermal 
P i l o t  Study. F i n a l l y ,  the  v i s i t i n g  
s c i e n t i s t  program a t  Los A l a m o s  
S c i e n t i f i c  Laboratory (LASL) has  
con t r ibu ted  to European i n t e r e s t  
and s t imu la t ed  parallel  inves t iga -  
t i o n  i n  ho t  dry rock technology.* 

These accomplishments rep re sent only  
a par t ia l  list of c o n t r i b u t i o n s  made 
by t h e  P i l o t  Study to '  i n t e r n a t i o n a l  
coopera t ion  i n  geothermal d e v e l o p  
ment. Equal ly  s i g n i f i c a n t  are t h e  
p l a n s  f o r  b i la teral  or m u l t i l a t e r a l  
programs to ensure  t h e  c o n t i n u i t y  
of  the research p a t h s  mapped by t h e  
f i v e  substudies. The subs tud ie s  on 
Computer-Based Information Systems , 
Reservoir  Assessment, and H o t  Dry 
Rock concepts  w i l l  cont inue  under 
specific i n t e r n a t i o n a l  agreements,  
whi le  t h e  subs tud ie s  on Direct 
Appl ica t ions  of  Geothermal Energy 
and Small Power P l a n t s  are under 
a c t i v e  review by t h e  I n t e r n a t i o n a l  
Energy Agency. 

M u l t i l a t e r a l  coopera t ion  under t h e  
ausp ices  of CCMS has inf luenced the 
d i r e c t i o n  of geothermal research and 
development programs throughout the  
world: Appendices 2 and 3 summarize 
the s t a t u s  of geothermal development 
i n  p a r t i c i p a t i n g  c o u n t r i e s  and 
selected U.S. programs r e l e v a n t  to 
t h e  Geothermal P i l o t  Study. I t  is 
s u f f i c i e n t  here  to cite two examples 

of possible impact on n a t i o n a l  pro- 
grams r e s u l t i n g  from t h e  Geothermal 
P i l o t  Study. First ,  t h e  U.S. 
p r e s i d e n t i a l  budget for H o t  Dry 
Rock  Program s t u d i e s  i n  f iscal  year  
1979 is approximately double t h a t  
f o r  f iscal  year  1978, p a r t i a l l y  i n  
r ecogn i t ion  of worldwide i n t e r e s t  i n  
t h e  development of t h i s  technology-- 
an i n t e r e s t  enhanced by the CCMS 
program. Second, r e c e n t  West German 
geothermal efforts have concent ra ted  
on t h e  p o s s i b l e  economic u s e  of ho t  
d ry  r o c k ;  West German s c i e n t i s t s  
have made g r e a t e s t  use of t h e  LASL 
v i s i t i n g  s c i e n t i s t  program, and 
coopera t ion  under E M S  probably 
played a role i n  their  program 
emphasis. 

Recommendations for Fu tu re  
Cooperat ive A c t i v i t i e s  

H igh l igh t s  of t h e  key recommenda- 
t i o n s  which emerged from the f i v e  
programs are as follows: 

The computer-based information 
system now ope ra t ing  should be 
used as t h e  cont inuing  medium 
for i n t e r n a t i o n a l  exchange of 
geothermal information.  The 
l o w  cost and speed of t h e  
system offers much i n c e n t i v e  
for its use.  

In  keeping w i t h  a gene ra l  t r end  
toward cogenera t ion  , d i r e c t  
use of geothermal heat can 
be s t rengthened  by emphasizing 
t h e  cascade pr  inc  i p l e ;  t h a t  
is, where geothermal electric 
power gene ra t ion  produces 
l a r g e  quan t i t . i e s  of l o w  grade 
waste heat,  there should 
be c a r e f u l  planning to u s e  
such heat for space hea t ing ,  
i n d u s t r i a l  p rocess ing ,  or 
a g r i c u l t u r e .  Such a p p l i c a t i o n s  
can improve o v e r a l l  economics n 

" H o t  d ry  rock" is o f t e n  referred t o  as "man-made geothermal energy systems." * 
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and c o n t r i b u t e  toward n a t i o n a l  
energy conserva t ion  goa l s .  

The U.S.-Mexico t e c h n i c a l  pro- 
gram to  s tudy t h e  Cerro P r i e t o  
geothermal r e s e r v o i r  i n  de- 
t a i l  is w e l l  under way. Many 
of the methods used i n  the  
eva lua t ion  of the Cerro Prieto 
system are app l i cab le  to the 
eva lua t ion  of geothermal pro- 
s p e c t s  throughout t h e  world 
and can be s t rong ly  recommended 
f o r  tha t  purpose. This  would 
c o n t r i b u t e  both to the g l o b a l  
geothermal resource  assessment 
e f f o r t  and to t h e  refinement 
of e x i s t i n g  knowledge of reser- 
v o i r  characterist ics.  

With i n t e r n a t i o n a l  acceptance 
of convent iona l  small-scale 
geothermal power p l a n t s  as 
u s e f u l  systems for e a r l y  geo- 
thermal development, a t t e n t i o n  
should be directed to advanced 
concepts .  An example of an 
advanced system is t h e  hel ical  
screw expander which would 
permit t h e  use  of wellhead 
g e n e r a t o r s  where the type of 
geothermal f l u i d  p r e s e n t l y  
d iscourages  the  use of con- 
ventional.  flash-steam systems. 
Con t inu i ty  i n  t h i s  regard 

is expected from an IEA pro- 
ject c u r r e n t l y  being planned. 

F i n a l l y ,  i n  t h e  area of h o t  
dry  rock, much more can be 
accomplished i f  close l i n k s  
are maintained among t h e  
p r o j e c t s  under way i n  t h e  
Federal Republic of Germany, 
Japan,  Swi tzer land ,  Sweden, 
the United Kingdom and the 
United S t a t e s .  An oppor tun i ty  
f o r  multi lateral  coopera t ion  
is provided by the  IEA Project 
on Man-Made Geothermal Energy 
Systems (MAGES) . 

To review p rogres s  of geothermal 
development among p a r t i c i p a t i n g  
c o u n t r i e s ,  a follow-up review con- 
f e rence  is planned i n  Paris i n  
June 1980. The proceedings of t h a t  
meeting w i l l  mark t h e  o f f i c i a l  end 
of the  Geothermal P i l o t  Project. 

The NATO-CCMS Geothermal P i l o t  Study 
is drawing to a close w i t h  t he  com- 
p l e t i o n  of t h e  subs tud ie s ,  b u t  the  
process  of coopera t ion  it began and 
t h e  t e c h n i c a l  p rog res s  i t  produced 
are cont inuing  under longer-term 
b i l a t e ra l  and multil.atera1 agreements. 
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111. SUBSTUDY REPORTS 

A. COMPUTER-BASED INFORMATION SYSTEMS SUBSTUDY 

INTRODUCTION 

The immediate need for domestic 
energy resources has prompted some 
nations w i t h  geothermal energy 
potential to accelerate their effor ts  
t o  develop this source. These 
efforts,  which include resource 
assessment, well dril l ing,  plant 
construction and maintenance, and 
analysis of environmental impacts, 
have resulted i n  an enormously 
increased volume of geothermal data. 
The data are widely scattered, 
d i f f i c u l t  to access, and largely 
unevalua ted . 
It is wi th in  t h i s  context that the 
Computer-Based Information Systems 
Substudy was established a t  the First  
Geothermal Implementation Conference 
i n  New Zealand to investigate the 
use of computer data centers and. to 
provide the benefits of worldwide 
data collection, evaluation, and ex- 
change of geothermal energy informa- 
tion to participating countries. 

OBJECTIVES 

The Information Exchange Substudy - 
was designed as a one-year study of 
two linked regional computer centers, 
to  develop ways of acquiring and 
transmitting information so that the 
prompt exchange i d  dissemination of 
new information and data related to 
geothermal energy would be assured. 
Computers were used because they 
provided the most rapid, efficient,  
and economic means of handling large 

quantities of data. All information 
generated i n  one center would be 
transmitted to the other center and 
each would have a complete data 
f i l e  of a l l  available information. 
Individual requests for specific 
information could be made to either 
regional center, and each center 
would provide information i n  appro- 
priate tabular, graphic, or computer- 
readable formats. 

Design of Substudy 

Three linked regional information 
centers had been originally proposed 
a t  the New Zealand Implementation 
Conference. Suggested locations for 
the centers were I ta ly ,  New Zealand, 
and the United States, responsible 
for the collection of geothermal 
data from Europe, Asia, and the 
Americas respectively. Final imple- 
mentation of t h e  Information Bcchange 
Substudy involved two computerized 
data centers, i n  I t a l y  and t h e  United 
States; New Zealand also took part 
i n  developing formats and i n  provid- 
ing data. The intention of the 
participants was to exchange biblio- 
graphic and numerical data on a 
one-year t r i a l  basis to assess the 
time, cost, and usefulness of the 
work (Reference 1). 

THE PROGRAM 

Implementation of the program 
involved the following data cen te r s : 
~(1) Centro Nazionale Universitario 
d i  Calcolo Elettronico (CNUCE) , * 

CNUCE began i ts  l i f e  on J u l y  5, 1965, as the "Centro Nazionale Universitario * 
d i  Calcolo Elettronim" of the University of Pisa. Since November 1, 1975, 

11 



/-- 

University of Pisa, Italy; (2 )  the 
National Geothermal Information 
Resource (GRID) , Lawrence Berkeley 
Laboratory, Berkeley, California, 
and ( 3 )  GEOTHERM, United States 
Geological Survey, Reston, Virginia 
(now Menlo Park, California). A 
description of GRID and GEOTHERM 
is contained in Appendix 3-A. 
Specific tasks for the one-year 
pilot study included the following: 

1. Collect bibliographic data on 
the following aspects of geother- 
mal energy development, includ- 
ing information from other fields 
with relevance to geothermal 
energy: (1) Subsidence, 
(2) Hydrogen Sulfide , (3 )  Geo- 
thermal Resources, and (4) Direct 
(Nonelectric) Applications. 
Indexed and annotated biblio- 
graphic listings were made 
available either as computer 
printouts or magnetic tapes. 
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2. 

3.  

4 .  

Tape site-dependent numerical 
data in the following subject 
areas: Geothermal Field/Area, 
Chemical Analysis, Geothermal 
Well/Drillhole. 

Develop formats based on 
internationally accepted 
standards by CNUCE, GEOTHERM 
and GRID. See, for example, 
Reference 2 .  

Transmit computer tapes and 
other data files by diplomatic 
pouch. 

The working committee for this sub- 
study met in Menlo Park, Berkeley, 
Reston, Pisa, Wellington, and San 
Francisco during 1974 and 1975. 
G o a l s  and objectives were esta- 
blished at meetings by key technical 
and scientific personnel, and the 
initial work plan was kept flexible 
to allow for changes in the tasks. 

it has become an Institute affiliated with the Committee for the Engineering 
and Architectural Sciences of the National Research Council. 

The foundation of CNUCE took place within the framework of a conspicuous 
activity in the computing field which was already under way at Pisa. 
mid-1950'~~ following the suggestions which had been given by Enrico Fermi 
concerning the advisability and advantages of directing a part of the research 
work of the University of Pisa towards the computing sector, a group of 
researchers from the University designed and produced an electronic computer 
for the first time in Europe, the CEP (Calcolatrice Elettronica Pisana). 

In the 

The research group consequently brought into being the "Centro di Calcolatrici 
Elettroniche" of the University of Pisa which has become the "Instituto per 
1'Elaborazione del' Informazione" (IEI) of the CNR. It should, however, be 
stressed that the position which Pisa holds in the field of informatics is due 
not only to the presence of CNUCE but also to that of the institutes for 
scientific research: the already-mentioned IEI of the University, the Clinical 
Physiology Laboratory of the CNR, etc. 

Within CNUCE two fundamental, mutually integrated components co-exist: the 
data processing service in its various aspects of planning, organization and 
maintenance, and the research activity directed both at optimizing the service 
and at carrying out and participating in various projects in applied 
informatics. 

. 



13 

The p a r t i c i p a n t s  i n  these  meetings 
included r e p r e s e n t a t i v e s  from I t a l y  , 
Mexico, New Zealand and t h e  United 
S ta  te s : gene r a l l y  , des i g  na ted 
personnel  from t h e  predecessor  
agencies  of t h e  U.S. Department of 
Energy ( t h e  A t o m i c  Energy Commission 
and the  Energy Research and Devel- 
opment Adminis t ra t ion)  and United 
States Geological  Survey (USGS) 
were also p resen t .  Because of the 
d i s t a n c e s  involved,  it was no t  
p o s s i b l e  for a l l  committee members 
to meet a t  each l o c a t i o n .  To co- 
o r d i n a t e  and f a c i l i t a t e  t h e  acqui- 
s i t i o n  of  on - s i t e  data, A. C l a r k  
(GEOTHERM) and S. P h i l l i p s  (GRID) 
made v i s i t s  to P i s a  and Wellington. 

dls 

The r e s u l t s  of t h e  p i l o t  s tudy 
were reported a t  t h e  Second U. N. 
Symposium i n  San Franc isco ,  May 26 , 
1975 a t  a s p e c i a l  a f te rnoon s e s s i o n  
(Reference 3 ) .  The achievements of 
t h e  t r i a l  s tudy  conducted by t h e  
U.S. and I t a l i a n  d a t a  c e n t e r s  
included: 

1. Development of a common format 
for recording b i b l i o g r a p h i c  
information.  The format had 
as  i ts  basis t h e  I n t e r n a t i o n a l  
Nuclear Information System 
( I N I S )  d e s c r i p t i v e  c a t a l o g i n g  
procedures  , indexing r u l e s ,  
and a u t h o r i t y  lists. 

2. Development of a format f o r  
s i te-dependent  numerical  d a t a  
f o r  f i e l d s ,  d r i l l  ho le s ,  and 
chemical a n a l y s i s .  The format 
was based i n  part  on t h e  system 
used by t h e  U.S. Geological  
Survey O f f i c e  of Resource 
Analysis ;  it was reviewed by 
t h e  N e w  Zealand Department 
of S c i e n t i f i c  and I n d u s t r i a l  
Research (DSIR)  and included 
changes suggested by t h e i r ,  
s t a f f .  

3. A p i lot  b ib l iog raph ic  f i l e  by 
GRID and a pi lot  numerical  
f i l e  by GEOTHERM e 

4 .  Establ ishment  of a mechanism 
f o r  tape exchange between t h e  
United S t a t e s  and I t a l y  v i a  
d ip lomat ic  pouch. 

5 .  I d e n t i f i c a t i o n  of problems in  
t h e  exchange of geothermal 
energy d a t a  on an i n t e r n a t i o n a l  
basis  among the  three data 
c e n t e r s  (CNUCE, GRID, GEOTHERM) . 

A l l  p a r t i c i p a n t s  a t  t h e  United 
Nat ions meeting agreed t h a t  t h e  data 
exchange program should cont inue ,  
and a d r a f t  document de f in ing  the  
scope of follow-up a c t i v i t i e s  to  
cont inue  t h e  worldwide geothermal 
d a t a  c o l l e c t i o n  was prepared by t h e  
Working Committee (Reference 3 ) .  
The c u r r e n t  s t a t u s  of  an expanded 
e f f o r t  i n  geothermal information 
exchange is discussed i n  t h e  follow- 
ing s e c t i o n  on t h e  U.S.-Italy 
b i la te ra l  information exchange 
agreement . 
I n  t he  United S t a t e s  t h e  Computer- 
Based Information Systems Substudy 
has  a s s i s t e d  geothermal research  
and development i n  t h e  United S ta tes  
i n  a number of ways, inc luding  
t h e  development of r e s e r v o i r  models 
and of chemical geothermometers 
(Reference 4 ) .  

U.S.-ITALY BILATERAL AGREEMENT , 

I n  1976, the  geothermal information 
exchange system established under t h e  
one-year OCMS test program was 
formalized i n  a b i l a t e r a l  agreement 
between t h e  United S t a t e s  Energy 
Research and Development Admini- 
s t r a t i o n  and Cons ig l io  Nazionale 
d e l l e  Ricerche Geotermiche (CNR) and 
Ente Nazionale de l l ’Ene rg ia  E le t t r  ica 
(ENEL) of I t a l y .  Under t h e  b i l a t e r a l  
agreement, t h e  United States  is 
respons ib le  f o r  d a t a  c o l l e c t i o n  from 
Ice land  , North America, C e n t r a l  
America, South America, Aus t r a l i a ,  
and A s i a  (except  t h e  U S S R ) .  I t a l y  
is respons ib le  for d a t a  c o l l e c t i o n  
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from Europe (except  I c e l a n d ) ,  Af r i ca  
and t h e  USSR. 

There are c u r r e n t l y  t h r e e  U.S. data 
c e n t e r s  engaged i n  t h e  c o l l e c t i o n  
and exchange of information on 
geothermal energy research  and 
production: t h e  DOE Technical  
Information Center (TIC) , Oak Ridge, 
Tennessee ; t h e  GEOTEIERM p r o j e c t  
of t h e  U.S. Geological  Survey i n  
Menlo Park,  C a l i f o r n i a ;  and t h e  
GRID project a t  Lawrence Berkeley 
Laboratory i n  Berkeley , Cali f o r  n i a  . 
The d a t a  systems of  TIC, GEOTHERM 
and GRID are coordinated for da ta  
c o l l e c t i o n  and d isseminat ion ,  wi th  
GRID se rv ing  as a c lear inghouse ;  
GRID i n t e r f a c e s  wi th  DOE/TIC f o r  
b ib l iog raph ic  information and with 
t h e  U.S. Geological Survey for 
certain s i te-dependent  numerical  
data. GRID also coord ina te s  t h e  
c o l l e c t i o n  of numerical  data with 
the  Nat iona l  Standard Reference 
Data System and o t h e r  i n s t i t u t i o n s .  

GRID informal ly  provided P i s a  wi th  a 
f i l e  on subsidence under t h e  CCMS 
test program i n  J u l y  1975; i n  1976 
more ex tens ive  computer tapes were 
s e n t  to P i s a  under t he  formal  bi- 
la teral  exchange agreement. These 
included t h e  GRID hydrogen s u l f i d e  
f i l e ;  a tape from TIC, Oak Ridge, 
con ta in ing  their  geothermal b i b l i -  
ographic  f i l e ;  t h e  GRID geothermal 
thesaurus ;  t h e  EDB (Energy Data 
Base) magnetic t a p e  d e s c r i p t i o n ;  
and a d e s c r i p t i o n  of t h e  GRID docu- 
ment f i l e  s t r u c t u r e .  I n  June 1977 , 
t h e  fo l lowing  a d d i t i o n a l  computer 
t a p e s  were t r ansmi t t ed  to I t a l y :  t h e  
GRID geothermal h o t  water f l u i d  data, 
t h e  c u r r e n t  T I C  f i l e  on b ib l iog raph ic  
d a t a ,  and a composite f i l e  of geo- 
thermal energy a b s t r a c t s  from 1976 
to 1977 from TIC. I n  December 1977, 
CNR t r ansmi t t ed  to TIC and GRID a 
tape and p r i n t o u t  of a p o r t i o n  of 
the P I S A  geothermal b ib l iog raph ic  
f i l e .  

I n  October 1976, F. A. Harris (U.S. 
Environmental P ro tec t ion  Agency) 
descr ibed  t h e  U. S./CCMS Geothermal 
Information Program a t  a geother-  
mal conference i n  Guatemala 
(Reference 5 ) .  This  l e d  to informal  
c o n t a c t s  with C e n t r a l  and South 
mer ican  geothermal specialists. . 
Since  1977, GRID h a s  cont inued t h i s  
e f f o r t  by working wi th  t h e  appropr i -  
a te  overseas  embassies and t h e  
Department of State to e s t a b l i s h  
mechanisms for the  exchange of geo- 
thermal d a t a  among t h e  United S t a t e s  
and C e n t r a l  and South American 
countr  ies. 

CONCLUSIONS 

1. The CCMS information exchange 
substudy and t h e  follow-up work 
under t he  U. S . -I t a  l i a n  b i l a  te r a l  
agreement have expedi ted  t h e  
exchange of geothermal informa- 
t i o n  worldwide and demonstrated 
t h e  advantages of computerized 
information systems f o r  such 
ope ra t ions .  

2. The success  of such information 
exchange systems is dependent 
upon t h e  coopera t ion  and coordi- 
na t ion  of correspondent  agencies  
i n  each p a r t i c i p a t i n g  na t ion .  
The p r i n c i p a l  d i f f i c u l t y  is 
not  design of t h e  d a t a  system, 
b u t  r a t h e r  t h e  mechanics of 
secur ing  t h e  information.  
Most p a r t i c i p a n t s  are w i l l i n g  
t o  c o n t r i b u t e  to  the  f i l e ,  
b u t  t h e  ted ious  and sometimes 
formidable  t a s k  of coding forms 
f o r  t h e  computer has  slowed 
down exchange of information.  

RECOMMENDATIONS 

The primary o b j e c t i v e  of t h e  CCMS 
Substudy on Compu ter-Based 
Information systems was to create an 
i n t e r n a t i o n a l  geothermal energy data 
base, a pool of information from 
which a l l  c o u n t r i e s  may draw. I t  is 
recommended t h a t  t h e  computer-based 
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information system be used as t h e  
major medium of information exchange 
dur ing  t h e  i n t e r v a l  between major 
geothermal conferences.  Supporting 
recommendations to f a c i l i t a t e  t h e  
i n t e r n a t i o n a l  exchange of information 
f a l l  i n t o  two groups: 

6$ 

1. T a s k s  f o r  P a r t i c i p a t i n g  Count r ies  

a. P a r t i c i p a t i n g  c o u n t r i e s  should 
con t inue  to collect copies of 
material f o r  t r a n s m i t t a l  to 
t h e  des igna ted  computer 
c e n t e r s .  Each country should 
e s t a b l i s h  its own p r i o r i t i e s  
f o r  t h e  a c q u i s i t i o n  of d a t a ,  
b u t  emphasis should be p laced  
on material which is no t  
widely c i r c u l a t e d  or is 
d i f f i c u l t  to ob ta in .  

b. A procedure f o r  computer i n p u t  
should be e s t a b l i s h e d  f o r  
t r a n s c r i b i n g  t h e  d a t a  on 
forms. Three a l t e r n a t i v e s  
have been suggested: 

(1) Those c o u n t r i e s  able to 
encode should do so. 

( 2 )  The data could be cop ie s  
of o r i g i n a l  d a t a  which 
would be s e n t  to t h e  
da ta  c e n t e r  for encoding. 

( 3 )  Count r ies  unable to encode 
might request a s s i s t a n c e  
from those t h a t  can. 

c. The t i m e  requi red  to exchange 
or t r ansmi t  material between 
p a r t i c i p a t i n g  c o u n t r i e s  needs 
to be shor tened ,  and par- 
t i c i p a n t s  should agree  on 
t h e  frequency (e.g., y e a r l y  
i n t e r v a l s )  of s i te  v i s i t s  by 
computer c e n t e r  s taff  to 
collect reports. 

2. Tasks f o r  Regional  Data Centers  

a. The data c e n t e r s  should 
provide each p a r t i c i p a t i n g  

count ry  w i t h  data to meet its 
p a r t i c u l a r  needs, coordina- 
t i n g  r e q u e s t s  f o r  information 
wi th  o the r  o r g a n i z a t i o n s  if 
necessary.  In  a d d i t i o n ,  a 
r egu la r  system f o r  dissemina- 
t i n g  information should be 
organized,  perhaps by means 
of a news le t t e r  and p e r i o d i c  
t o p i c a l  reviews of t h e  f i l e .  

b. Each c e n t e r  should con ta in  
both d a t a  eva lua ted  by t h e  
c e n t e r  i t s e l f  and d a t a  
eva lua ted  by others. S ince  
t h e r e  is i n s u f f i c i e n t  t i m e  
f o r  t h e  cen te r  to eva lua te  
a l l  information,  sources of 
d a t a  should be i d e n t i f i e d .  

c. The d a t a  c e n t e r s  r e spons ib l e  
f o r  maintaining t h e  computer 
t a p e s  must i nc reas ing ly  be 
respons ib le  f o r  coding t h e  
i n p u t s  i n  t h e  proper  format. 
The computer c e n t e r s  w i l l  
need adequate s t a f f s  
to code t h e  information.  

d .  Large q u a n t i t i e s  of d a t a  
are handled most e f f e c t i v e l y  
by computer; it is t h e r e f o r e  
necessary t h a t  developing 
n a t i o n s  now l a c k  ing computer 
capabi l i ty  ga in  expertise 
i f  they  wish to make best 
use  of geothermal data bases. 
The r e g i o n a l  c e n t e r s  should 
provide  t h i s  c a p a b i l i t y  
where it is needed and assist 
developing n a t i o n s  i n  acquir-  
ing  t h e i r  own c a p a b i l i t y .  
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B. DIRECT APPLICATIONS 
OF GEOTHERMAL ENERGY SUBSTUDY 

INTRODUCTION 

Low to moderate temperature geo- 
thermal resources (<15OoC) are found 
i n  many p a r t s  of t h e  world, and 
they have been used f o r  d i r e c t  (non- 
electric) a p p l i c a t i o n s  s i n c e  class- 
ical  a n t i q u i t y .  I n  almost a l l  
cases, d i r e c t  a p p l i c a t i o n  i n  space 
hea t ing  , a g r i c u l t u r e  , and i n d u s t r i a l  
processes is thermodynamically a 
more e f f i c i e n t  use of geothermal 
f l u i d s  than  conver t ing  t h e  resource 
to electrical energy. C e r t a i n  
c o u n t r i e s ,  no tab ly  Hungary, Ice land ,  
and New Zealand , a l r eady  use s i g n i f  - 
i c a n t  q u a n t i t i e s  of geothermal 
energy i n  direct a p p l i c a t i o n s ,  
r ep lac ing  t h e  u s e  of scarce and 
c o s t l y  f o s s i l  f u e l s .  However, t h e  
p o t e n t i a l  for d i r e c t  a p p l i c a t i o n  
of geothermal r e sources  around the 
world has  only  been p a r t i a l l y  
explored . 
The Substudy on Direct Appl ica t ion  
of  Geothermal Energy was a f i r s t  
step i n  i d e n t i f y i n g  and developing 
t h e  technology needed for t h e  direct 
use  of geothermal energy. 
o b j e c t  of t h e  substudy was to ex- 
plore t h e  economic and t e c h n i c a l  
f e a s i b i l i t y  of using low-to-moderate 
temperature  geothermal resources  as 
a s u b s t i t u t e  for f o s s i l  f u e l s  i n  1 

space hea t ing  and cool ing ,  indus-, 
t r i a l  process h e a t  , and a g r i c u l t u r a l  
u ses  i n  place of f o s s i l  f u e l s . '  The 
substudy also provided o p p o r t u n i t i e s  
f o r  i n t e r n a t i o n a l  geothermal e x p e r t s  
to sha re  t h e i r  exper iences  with 
d i r e c t  uses and to d e f i n e  f u r t h e r  - 
d i r e c t i o n s  for research  i n  t h e i r  
domestic programs 

The main 

The s tudy  was conducted i n  two 
phases.  The f i r s t  phase of t h e  
s tudy ,  under t h e  l eade r sh ip  of J. H. 

Howard of Lawrence Livermore Labo- 
r a t o r y ,  was concerned wi th  exami- 
ning t h e  state of t h e  a r t  of d i rect  
a p p l i c a t i o n s  and documenting t h e  
technologica l ,  economic, and i n s t i -  
t u t i o n a l  a s p e c t s  of using geothermal 
resources f o r  n o n e l e c t r i c  purposes.  
A r e p o r t  e n t i t l e d  "Present  S t a t u s  
and Future  Prospec ts  f o r  Nonelec t r i -  
cal  Uses of Geothermal Resources" 
(Reference l), e d i t e d  by Howard, con- 
c luded Phase I. The second phase,  
under t h e  l e a d e r s h i p  of P. Sangnier 
of France,  was concerned p r i m a r i l y  
with t h e  economic a s p e c t s  of d i r e c t  
u ses  of geothermal resources. 
Two i n t e r n a t i o n a l  meetings were 
he ld  under t h i s  phase: 

1. C.D.S.M. Etude P i l o t e  G ~ o - ,  
thermie,  Par is, France, June 9- 
10 ,  1976, and 

2. NATO-CCMS Conference on t h e  
Economics of Direct Uses of 
Geothermal Energy, Washington, 
D.C., June 21-22, 1977. 

One report , "Geothermal Energy : 
R e s i d e n t i a l  Space Heating" 
(Reference 3)  has  been i ssued .  
The proceedings of the  Washington 
meeting are i n  p repa ra t ion .  
Twelve n a t i o n s  participated i n  
Phase I and e igh teen  i n  Phase I1 of 
t h e  study. 

OBJECTIVES 
*. ~ 

The f i r s t  o b j e c t i v e  of t h e  p r o j e c t  
was to report on t h e  state of ' t h e  
a r t  of  d i r e c t  a p p l i c a t i o n  of geo- 
thermal energy. The report was 
intended to c l a r i f y  t h e  p r i n c i p l e s  
of a p p l i c a t i o n ,  i d e n t i f y  t e c h n i c a l  
and economic problems , and d e f i n e  
t h e  worldwide geothermal community 
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involved wi th  direct a p p l i c a t i o n s .  
It  w a s  be l i eved  t h a t  such a report 
would spark f u r t h e r  i n t e r e s t  i n  
direct a p p l i c a t i o n s  and encourage 
t h e  development of appropr i a t e  
hardware a 

A t  t h e  completion of t h e  s t a t u s  
report, it became clear t h a t  t h e  
main obstacle to direct  a p p l i c a t i o n s  
was n o t  lack of t e c h n i c a l  knowledge, 
b u t  unce r t a in ty  about  how much it 
would cost. 
11, t h e r e f o r e ,  was to re so lve  some 
of  t h i s  u n c e r t a i n t y  by a n a l y s i s  of 
p r e s e n t  and f u t u r e  energy costs 
associated w i t h  ope ra t ing  systems. 

The o b j e c t i v e  of Phase 

THE PROCRAM 

Phase I 

I n  1974, a number of c o u n t r i e s  
endowed wi th  geothermal r e sources  
had made s i g n i f i c a n t  progress  toward 
using these re sources  f o r  space 
hea t ing  and cool ing ,  i n d u s t r i a l  
process heat,  and a g r i c u l t u r e .  New 
Zealand was s u c c e s s f u l l y  using geo- 
thermal r e sources  for w o o d  p roducts  
process ing ,  sulphur  recovery,  
a l f a l f a  dry ing ,  and paper m i l l i n g .  
Over 50 p e r c e n t  of homes i n  I ce l and  
were being heated by geothermal 
energy. The French space hea t ing  
project i n  new towns i n  t h e  Paris 
Basin had been i n i t i a t e d .  I n  I t a l y ,  
i n  a d d i t i o n  to the better-known 
electric power product ion , geother-  
mal energy was being used to heat 
greenhouses,  offices, p u b l i c  bu i ld-  
i n g s  and homes. The P h i l i p p i n e s ,  
Turkey and Mexico also reported 
successes  i n  direct a p p l i c a t i o n s  of 
geothermal resources .  

I n  t he  l i g h t  of the  i n t e r e s t  i n  

t u r e  geothermal resources. Conse- 
quen t ly ,  i n  A p r i l  1974, represen-  
t a t i v e s  from Canada, West Germany, 
France,  I t a l y ,  Mexico, New Zealand, 
Turkey and t h e  United States met i n  
New Zealand to  discuss p re l imina ry  
p l a n s  for compiling a report on 
direct a p p l i c a t i o n s  of geothermal 
resources. Following the  meeting, 
s e v e r a l  members of the  group toured  
geothermal p r o j e c t s  i n  France , 
I t a l y ,  and Iceland.  The o u t l i n e  
for t h e  s ta tus  report was developed 
i n  a 1974 meeting of i n t e r n a t i o n a l  
e x p e r t s  i n  Ice land .  

A d ra f t  r e p o r t ,  "Present  S t a t u s  and 
Future  Prospects for None lec t r i ca l  
Uses of Geothermal Resources," was 
i s sued  i n  A p r i l  1975, and comments 
on it were d iscussed  a t  t h e  t i m e  of 
t h e  Second United Nat ions Geothermal 
Symposium. I t  was organized under 
fou r  major headings: systems devel- 
opment , a p p l i c a t i o n s  , economic and 
r e g u l a t o r y  cons ide ra t ions .  A brief 
summary of the  report is p resen ted  
below. The f i n a l  report was pub- 
l i shed  i n  October 1975 (Reference 1) 
and inc ludes  c o n t r i b u t i o n s  from 
twelve na t ions .  It  remains one of 
the  most u s e f u l  documents on t h e  
subjec t  of d i r e c t  a p p l i c a t i o n s  of 
energy. 

Sy s tems Development 

The report surveyed e x i s t i n g  geo- 
thermal resource exp lo ra t ion  tech- 
n iques  and d i scussed  problems 
associated w i t h  resource e x t r a c t i o n  
and development. Environmental 
problems, inc luding  waste f l u i d  
disposal, were also considered.  
Con t r ibu t ing  e x p e r t s  po in t ed  o u t  
that  direct  a p p l i c a t i o n s  of geother-  
mal energy may be found for f l u i d s  

c 

direct a p p l i c a t i o n s  around t h e  world, 
t h e  members of the Geothermal P i l o t  
Study f e l t  there was a need to docu- 
ment and d isseminate  t h e  t e c h n i c a l ,  
economic and other r e l e v a n t  i n fo r -  
mation to encourage f u r t h e r  develop- 
m n t  and a p p l i c a t i o n  of low-tempera- w i t h  t h a t  of other sources of energy. 

as low as 2 0 0 ~  (See Figure  I I I . B - ~ ) .  
However, geothermal energy is no t  
always as inexpensive as many have 
assumed; i n  planning any project, 
t h e  cost e f f e c t i v e n e s s  of s p e c i f i c  
a p p l i c a t i o n s  must always be compared 
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Figure  1II .B-1.  Required tempera- 
t u r e  (approximate) of  geothermal 
f l u i d s  f o r  var ious  appl ica-  
t i o n s  ( a f t e r  Lindal ,  Ref. 2 ) .  

(XBL 785-8732) 

Appl ica t ions  

The s e c t i o n  on a p p l i c a t i o n s  reviewed 
res iden t i a l  , commerc i a l  , ag r i cu l -  
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t u ra l ,  and i n d u s t r i a l  uses. In 1975 
r e s i d e n t i a l  and commercial space 
hea t ing  and cool ing  from geothermal 
heat amounted to 400 thermal MW. The 
report descr ibed  t w o  c a t e g o r i e s  of 
space hea t ing  systems: d i s t r i c t  
hea t ing  systems, such as t h e  systems 
i n  Reykjavik, Ice land ,  and ind iv idua l  
home hea t ing  such as Rotorua, N e w  
Zealand and Klamath F a l l s ,  Oregon. 

Geothermal energy can be used to  
assist i n  t h e  product ion  of l a r g e  
amounts of food e f f i c i e n t l y  and 
cheaply.  Research i n  a g r i c u l t u r a l  
a p p l i c a t i o n s  is based upon ea r l i e r  
e f f o r t s  on the  u s e  of waste h e a t  
from fossil  f u e l  and nuc lear  power 
p l a n t s .  The t h r e e  most common 
a p p l i c a t i o n s  are greenhouse hea t ing  
(see Figure  1 I I . B - 2 ) ,  animal hus- 
bandry, and aquaculture. As much a s  
5,000-5,500 MW of geothermal power 
are being used f o r  t hese  purposes.  
I n t e g r a t e d  geothermal greenhouse,  
a g r i c u l t u r e  and stock farm systems 
have been designed wi th  t h e  optimum 
temperatures  for p l a n t  and animal 
growth i n  mind. 

Although t h e  number of geothermal 
i n d u s t r i a l  a p p l i c a t i o n  p r o j e c t s  is 
small, t h e  power used i n  each is on 
t h e  order of about  150-200 thermal 
MW, and encompasses a wide range of 
.uses. The two l a r g e s t  o p e r a t i o n s  
us ing  geothermal energy for process  
h e a t  are a diatomaceous e a r t h  p l a n t  
i n  Ice land  and a pulp ,  paper and 
wood process ing  p l a n t  i n  N e w  Zealand. 
Their exper ience  i l l u s t r a t e s  t h e  
l e a d  time and problems encountered 
i n  development of major p r o j e c t s .  

Economic and Regulatory Cons idera t ions  

Geothermal energy is of t e n  r egu la t ed  
by government j u s t  a s  f o s s i l  f u e l s ,  
minera ls ,  and water are. There are 
many laws a f f e c t i n g  geothermal energy 
a t  a l l  l e v e l s  of government, and 
o f t e n  they  are  confusing or cont ra -  
d i c t o r y .  The report reviewed the  
i n s t i t u t i o n a l  factors a f f e c t i n g  geo- 
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Figure  1II.B-2. Greenhouse i n  
energy . 

thermal d e v e l o p e n t  i n  s i x  c o u n t r i e s  
( t h e  United S t a t e s ,  Canada, I ce l and ,  
I t a l y ,  N e w  Zealand, and t h e  Ph i l ip -  
p ines)  and found t h a t  t h e  e x t e n t  of  
government p a r t i c i p a t i o n  i n  d i r e c t  
a p p l i c a t i o n s  projects v a r i e d  widely. 
I n  France and Hungary, where govern- 
ment p a r t i c i p a t i o n  is s t rong ,  it is 
guided by a d e s i r e  to encourage t h e  
development of geothermal resources. 
The gene ra l  p a t t e r n  is t h a t  t h e  
government w i l l  work  i n  p a r t n e r s h i p  
with t h e  p r i v a t e  sector and guarantee 
t h e  i n i t i a l  r i s k s  o f  demonstration 
i n  cooperat ion with t h e  p r i v a t e  
sector. I f  t h e  venture  is success-  
f u l ,  t h e  p r i v a t e  sector assumes 
r e s p o n s i b i l i t y  f o r  t h e  project 
and repays investment costs ( p l u s  
some agreed-to interest)  to t h e  
government through sales of geother-  
m a l  energy. 

Ice land  heated by geothermal 
(CBB 785-5261) 

A t  t h e  conclusion of t h e  f i r s t  phase 
of t h e  s tudy ,  t h e  Working Subcom- 
mittee recommended t h a t  p a r t i c i p a -  
t i n g  c o u n t r i e s  support  e f f o r t s  i n  
f i v e  areas: geothermal exp lo ra t ion ,  
demonstration of s p e c i f i c  appl ica-  
t i o n s ,  research  and development of 
new a p p l i c a t i o n s ,  educat ion and in-  
formation,  and i n t e r n a t i o n a l  coop- 
e ra t  i v e  pro j ec ts. 
t h e  group agreed t h a t  t h e  next  
phase of t h e  p r o j e c t  should address  
t h e  t o p i c  of t h e  economics of d i r e c t  
a p p l i c a t i o n s .  

Spec i f  i c a l l y  , 

I n  a d d i t i o n  to t h e  report on t h e  
s t a t u s  of direct  a p p l i c a t i o n s ,  t h e  
substudy has  been ins t rumenta l  i n  
s t imu la t ing  s t i l l  o t h e r  work i n  t h e  
United S t a t e s  on d i r e c t  a p p l i c a t i o n s  
of geothermal resources.* Examples 
of CCMS-inspired e f f o r t s  include:  

A 

A summary of t h e  U.S. Direct Applicat ions programs is presented  i n  * 
Appendix 3-B. 
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G. M. Reis tad ,  "Analysis of P o t e n t i a l  
Non-Electr ical  Appl ica t ions  o f  
Geothermal Energy and Their  Place i n  
t h e  Nat iona l  Economy," Lawrence 
Livermore Laboratory,  Livermore, 
Report  UCRL-51747 (1975). 

DSS Engineers,  Inc. ,  "Geothermal 
Resource Uti l izat ion--Paper  and Cane 
Sugar Indus t r ies , ' '  Lawrence Livermore 
Laboratory,  Livermore, Report UCRL- 
13633 (1975).  

J. Lund, G. Culver and L. Svanevik, 
" U t i l i z a t i o n  of Geothermal Energy i n  
Klamath F a l l s ,  " presented  a t  t h e  
I n  te r na t iona 1 Con fer  e nc e of Geo- 
thermal  Energy f o r  I n d u s t r i a l ,  
A g r i c u l t u r a l ,  and Commercial- 
R e s i d e n t i a l  Uses, Klamath F a l l s ,  
Oregon (1974).  

Phase I1 

The second phase of the Direct 
Appl ica t ions  Substudy began wi th  an 
a n a l y s i s  of t h e  va lue  of geothermal 
energy f o r  d i s t r i c t  hea t ing  and 
cool ing ,  performed by t h e  coopera t ive  
exchange of d a t a  between France,  
I ce l and ,  and t h e  United States. 
Ice land  provided information on t h e  
des ign  and ope ra t ion  of geothermal 
d i s t r i c t  hea t ing  systems. France 
provided informat ion  on the des ign  
of French geothermal d i s t r i c t  heat-  
ing systems and on t h e  computer 
s imula t ion  of t h e s e  systems involv- 
ing heat pumps, supplemental  fossil 
hea t ing  capac i ty ,  and a l t e r n a t i v e  
hea t ing  d e l i v e r y  systems. The 
United States provided sys t ema t i c  
ana lyses  of the economics of geo- 
thermal  d i s t r i c t  h e a t i n g  applica- 
t i o n s .  These ana lyses  used infor -  
mation obta ined  from France and 
Ice land  to develop and v e r i f y  a com- 
p u t e r  s imula t ion  m o d e l  f o r  geother-  
mal d i s t r i c t  hea t ing  a p p l i c a t i o n s .  
The project was directed a t  t h e  
d e f i n i t i o n  of key t e c h n i c a l  factors 
and key economic assumptions of geo- 
thermal  energy f o r  d i s t r i c t  hea t ing  
and cool ing .  It  endeavored to 

c l a r i f y  appropr i a t e  f i n a n c i a l  
analy 's is  procedures  and techniques.  

The exchange of information was 
implemented through t w o  v i s i t s  by 
C. H. B looms te r  of Bat te l le  P a c i f i c  
Northwest Labora tor ies to  t h e  Cha t o u  
Laboratories of Elec t r  icite de 
France i n  A p r i l  and October 1976. 
These t r i p s  included s topovers  in  
i n  Ice land ,  where information was 
obta ined  from t h e  t w o  consu l t ing  
engineer ing  f i rms  t h a t  designed 
I c e l a n d ' s  d i s t r i c t  hea t ing  systems 
and t h e  Reykjavik Municipal Dis t r ic t  
Heating Se rv ice .  Ice land  also pro- 
vided a complete d e s c r i p t i o n  of the  
Sudurnes Dis t r ic t  Heating System, 
a new system designed to  heat seven 
communities. The I c e l a n d i c  system 
was simulated on t h e  U.S. GEOCITY 
computer model and provided an 
oppor tun i ty  for comparison of model- 
ing e f f o r t s  with an actual system. 

Information on a German s tudy on 
d i s t r i c t  hea t ing  was also obta ined  
from 0. Kappelmeyer, Federa l  I n s t i -  
t u t e  of Geophysics, Hanover, Germany. 
The information provided by France 
served to extend the d a t a  base and 
c a p a b i l i t i e s  of the  GEOCITY model 
to lower temperature systems. The 
French s imula t ion  m o d e l  was concerned 
w i t h  d i s t r i c t  hea t ing  systems using 
h e a t  pumps, supplemental  f o s s i l  f u e l  
boilers, and geothermal energy. The 
model was designed to opt imize  t h e  
energy o u t p u t  of i n d i v i d u a l  systems 
sub jec t .  to f o s s i l  f u e l  costs, geo- 
thermal  energy costs, and t a r i f f  
s t r u c t u r e s  f o r  electric power which 
vary sha rp ly  throughout t he  day and 
year .  
ses are s p e c i f i c  to t h e  French 
s i t u a t i o n  and are not  d i r e c t l y  
a p p l i c a b l e  to  near-term c o n d i t i o n s  
expected i n  t h e  United S t a t e s  and 
Ice land .  However, t h e  French exper- 
ience  may become more r e l e v a n t  to 
the  U.S. e f f o r t  i f  v i a b l e  moderate 
temperature  resources are  i d e n t i -  
f i e d  and developed near  major U.S.  
East C o a s t  popula t ion  c e n t e r s .  

The French systems and analy- 



22 

Two t e c h n i c a l  meetings were he ld  
under t h i s  phase. The f i r s t  meeting, 
C.D.S.M. : Etude P i l o t e  d o t h e r m i e  
(CCMS Geothermal P i l o t  S tudy) ,  he ld  
i n  P a r i s  i n  June 1976, included t h e  
p a r t i c i p a t i o n  of Belgium, Canada, 
France , Greece , Iceland , I r e l and  , 
I t a l y ,  t h e  Nether lands,  Spain,  
Switzer land,  t h e  United Kingdom, t h e  
United States, and West Germany. 
Papers  were presented  on t e c h n i c a l  
and economic aspects of geothermal 
space hea t ing  and on l e g a l  and 
i n s t i t u t i o n a l  problems. The meeting 
concluded with a tou r  of new d i s -  
t r i c t  hea t ing  systems a t  Crei l  (see 
Figures  1II.B-3 and III.B-4)and 
Vil leneuve La Garenne. 

I n  t h e  course  of t h e  meeting, t h e  
economics of direct a p p l i c a t i o n s  
again emerged as t h e  most i n t e r e s t i n g  
and compelling i s sue  f ac ing  t h e  
geothermal community. It  was agreed 
by t h e  confe rees  t h a t  f u r t h e r  work 
was needed on t h e  subject, and a 
second t e c h n i c a l  meeting on t h e  
economics of geothermal d i r e c t  
a p p l i c a t i o n s  was proposed. 

A report was i s sued  a t  the P a r i s  
meeting: La G6othermie: chauffage 

F igure  1II.B-3. Cont ro l  instrumen- 
t a t i o n  panel  for d i s t r ic t  
hea t ing  system a t  Crei l ,  
France. (XBB 785-5257) 

Y n 

CI 

Figure  1 I I .B-4 .  Apartment house 
heated by t h e  d i s t r ic t  
hea t ing  system a t  C r e i l ,  France.  

(CBB 785-5233) 

de logements (Geothermal Energy: 
R e s i d e n t i a l  SDace Heat ins)  w a s  sub- - _. 
sequent ly  t r a n s l a t e d  i n t o  Engl ish by 
t h e  United States (Reference 3 ) .  

The second conference of t h e  sub- 
s tudy ,  on Economics of D i r e c t  Uses 
of Geothermal Energy, was he ld  i n  
Washington, D.C., June 21-22, 1977. 
Representa t ives  of Canada, France,  
Great B r i t a i n ,  Greece, Ice land ,  
Indonesia ,  I t a l y ,  New Zealand, 
Nicaragua, Turkey, t h e  United Sta tes ,  
and West Germany were present .  

The t h r e e  major p a r t i c i p a n t s  i n  t h e  
space hea t ing  economics project each 
gave reports on t h e  prev ious  y e a r ' s  
work.  P. Sangnier (France) repor ted  
t h a t  projects a t  Crei l ,  Vil leneuve 
La Garenne and a m i l i t a r y  base 
were on l i n e ,  and between e i g h t  to 
t e n  thousand housing u n i t s  were 
being heated geothermally.  I n  addi- 
t i o n ,  t e n  to f i f t e e n  housing and 
a g r i c u l t u r a l  projects are planned 
and Sangnier emphasized t h a t  inves t -  
ment r i s k s  and f inanc ing  p r a c t i c e s  
were a major f a c t o r  i n  economics 
of space hea t ing .  
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Explora t ion  and d r i l l i n g  were 
cont inuing  i n  I ce l and ,  w i t h  t h e  
expec ta t ion  t h a t  65 pe rcen t  of t h e  
popula t ion  should en joy  geothermal 
space hea t ing  wi th in  a few years .  
Greenhouse farming was increased  to 
140 , 000 square meters by t h e  end of 
1976. Seaweed dry ing  and sa l t  pro- 
duct ion  using geothermal h e a t  were 
also under way. 

The United States repor ted  t w o  
s i g n i f i c a n t  accomplishments i n  its 
d i r e c t  a p p l i c a t i o n s  program. The 
f i r s t  was t h e  pa r t i a l  conf i rmat ion  
of  t h e  theory  t h a t  g r a n i t e  p lu tons  
along t h e  East C o a s t  con ta in ing  
small amounts of n a t u r a l l y  radio-  
a c t i v e  elements  may be producing 
r e l a t i v e l y  warm underground water 
r e s e r v o i r s  a t  economic depths .  A 
reexamination of o i l  d r i l l i n g  l o g s  
had shown t h e  e x i s t e n c e  of one such 
warm water r e s e r v o i r  under Ocean 
C i t y ,  Maryland. The e x i s t e n c e  of a 
l o w  and moderate temperature resource 
i n  close proximity to a popula t ion  
c e n t e r  would g r e a t l y  enhance t h e  
economic p o t e n t i a l  f o r  direct app l i -  
c a t i o n .  The second accomplishment , 
presented  by t h e  Bat te l le  group, was 
a set of c a l c u l a t i o n s  showing t h a t  
under c e r t a i n  economic cond i t ions ,  
geothermal energy could be competi- 
t ive  w i t h  fossil f u e l s  a t  d i s t a n c e s  
up to f i f t y  m i l e s  from t h e  wellhead. 

Represen ta t ives  from Canada, New 
Zealand, Nicaragua, Indonesia ,  W e s t  
Germany, and Turkey repor ted  on t h e  
p re sen t  s t a t u s  of geothermal 
development i n  t h e i r  r e s p e c t i v e  
c o u n t r i e s .  Information concerning 
t h e  s t a t u s  of  d i r e c t  a p p l i c a t i o n s  of 
geothermal energy i n  some of these  
c o u n t r i e s  can be found in-Appendix 2, 
"Status of Se lec ted  Geothermal 
Programs Throughout t h e  World." 

On t h e  second day of t h e  conference,  
s imultaneous meet ings were he ld  on 
space /d i s t r  i c t  hea t ing  and on 
i n d u s t r i a l  and a g r i c u l t u r a l  appli- 
c a t i o n s .  The French presented  

f u r t h e r  d e t a i l s  of t h e  new town 
p r o j e c t s  i n  the  P a r i s  Basin.  
Representa t ives  of s e v e r a l  ERDA 
laboratories and of the S ta te  of 
C a l i f o r n i a  gave p r e s e n t a t i o n s  on 
t h e i r  programs. Seve ra l  architect/ 
engineer ing  and R&D f i r m s  involved 
i n  ERDA's f i r s t  l a rge - sca l e  e f for t  
i n  d i r e c t  a p p l i c a t i o n s  presented  
pre l iminary  r e s u l t s  of engineer ing  
and economic s t u d i e s .  These included 
space hea t ing  systems f o r  s e v e r a l  
small towns i n  C a l i f o r n i a  and A l a s k a ,  
a l f a l f a  dry ing  and s e v e r a l  d i f f e r e n t  
mu1 tiple-use concepts  E or agr  i c u l -  
t u r e  and indus t ry .  

The conference on "The Economics Of 

Direct Appl ica t ions  of Geothermal 
Energy" i n  June 1977 formal ly  
concluded t h e  second phase of t h e  
d i r e c t  a p p l i c a t i o n s  substudy of t h e  
CCMS Geothermal P i l o t  Study. Pro- 
ceedings  of t h e  conference w i l l  be 
publ ished i n  J u l y  1978 as CCMS 
Document N o .  66.The p r e s e n t  gener- 
a t i o n  of  d i r e c t  a p p l i c a t i o n s  pro- 
grams i n  t h e  p a r t i c i p a t i n g  c o u n t r i e s  
can be p rope r ly  eva lua ted  i n  t h e  
Geothermal P i l o t  Study follow-up 
conference scheduled f o r  1980 i n  
Par  is. 

U.S. IEA Proposal  

To support cont inuing  i n t e r n a t i o n a l  
interest i n  t h e  area of d i r e c t  
a p p l i c a t i o n s ,  t h e  United States has 
proposed t h a t  c e r t a i n  models of 
advanced h e a t  exchanger equipment 
t h a t  have been s u c c e s s f u l l y  t e s t e d  
i n  t h e  United States be considered 
f o r  d i r ec t  heat a p p l i c a t i o n  t e s t i n g  
by o t h e r  c o u n t r i e s  i n  t h e  I n t e r -  
n a t i o n a l  Energy Agency. The United 
S t a t e s  w i l l  e i t h e r  provide  u n i t s  
d i r e c t l y  or forward d e t a i l e d  des ign  
drawings f o r  on - s i t e  f a b r i c a t i o n  
by t h e  h o s t  country.  The estimated 
cost of f a b r i c a t i o n  is approximately 
$10 , 000. 



CONCLUSION/FINDINGS 

The major conclusions 
Applications Substudy 

24 

of the Direct 
are as follows: 

1. 

2. 

3 .  

A t  present the rate of energy use 
associated w i t h  direct applica- 
tions is a significant fraction 
of that produced as electric 
power. There is a wide variety 
of applications appropriate for 
moderate temperature geothermal 
resources i n  areas such as indus- 
t r i a l  processing , space heating , 
agricultural and aquacultural 
uses. Where currently used, such 
applications are almost always 
thermodynamically more efficient 
and often more economically 
attractive compared w i t h  conven- 
tional sources of energy. 

I n  the area of direct applica- 
tions , additional engineering ex- 
perience is necessary to achieve 
optimum design of processes, 
equipment and the perfection of 
hardware. The practical evalu- 
ation of engineering concepts 
used i n  specific applications, 
e.g. , improved and less costly 
heat exchangers , ref r igera t ion 
of produce, production of syn- 
thetic fuels , protein farming , 
w i l l  support the future commer- 
cialization of direct use of 
geothermal resources. 

There are institutional and 
economic constraints associated 
w i t h  direct applications of geo- 
thermal energy (such as the im-  
plementation of d i s t r i c t  heating 
systems) which require further 
analysis and definition. I n  
addition, work is needed to im-  
prove the interface between 
electr ic  and nonelectric appli- 
cat ions. 

RECOMMENDATIONS 

The f u l l  potential for direct 
applications of geothermal energy 

has not yet been realized. 
interested i n  direct applications 
should support domestic efforts i n  
the follawing areas as part of an 
integrated effort  of energy conser- 
vation and the expanded use of 
geothermal resources: 

Countries 

1. 

2 .  

3 .  

4 .  

5 .  

Geothermal Exploration. Programs 
to take inventory of national 
geothermal resources that are 
suitable for direct applications 
should be encouraged. Resource 
assessment programs 'should be 
carried out a t  a level of detai l  
necessary for successful ex- 
ploitation i n  direct applications. 

Demonstration of Applications. 
Data from operating experience 
should be obtained to measure the 
economic feasibil i ty of us ing  
geothermal heat directly compared 
w i t h  conventional energy sources. 
This  information should be made 
available for public use. 

Research and Development on New ' 

Applications. The evaluation of 
experimentally untested ideas for 
the application of geothermal 
resources should be supported 
beyond conceptual analyses 
through a t  least  a phase of 
small-scale experience. 

Financing. Government support 
for early financing favorable 
to the development of direct 
application w i l l  often be neces- 
sary. Such support might include 
guar an tees of loans , attractive 
interest rates, and various 
forms of governmental financial 
part ic  i pa t ion i n  re l a  t ive l y  
high-r i s k  applications and i n  
applications that are apparently 
simple b u t  are being undertaken 
for the f i r s t  time. 

Interfacing Electrical and 
Nonelectrical Applications of 
Geothermal Re sources P rog rams 
combining electrical  and non- 

A 
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electrical a p p l i c a t i o n s  of t he  
same g e o l o g i c a l  resource should 
be encouraged. 

6 .  Improvement of  Legal Framework. 
Direct a p p l i c a t i o n s  of geothermal 
energy are a f f e c t e d  by e x i s t i n g  
laws. Although it is recognized 
t h a t  laws governing geothermal 
resource  development vary  from 
count ry  to count ry ,  it is pro- 
posed t h a t  an appropr i a t e  review 
of t h e  l e g a l  framework should be 
made i n  i n t e r e s t e d  c o u n t r i e s  as 
a p re l imina ry  e f f o r t  to i d e n t i f y  
t h e  i n s t i t u t i o n a l  b a r r i e r s  
a f f e c t i n g  t h e  d i r e c t  a p p l i c a t i o n s  
of geothermal resources .  

I t  is recommended t h a t  t h e  in-  
t e r n a t i o n a l  exchange of in fo r -  
mation r e l a t i v e  to d i r e c t  geo- 
thermal  a p p l i c a t i o n s  be continued 
i n  o rde r  to maximize t h e  e f f e c t i v e  
use of i n t e r n a t i o n a l l y  a v a i l a b l e  
technology and experience.  I n  
t h i s  con tex t ,  t h e  United States 
encourages t he  p a r t i c i p a t i o n  of 

t h e  i n t e r n a t i o n a l  community i n  
t h e  forthcoming review conference 
i n  1980, a t  which t i m e  t h e  I E A  
h e a t  exchanger program may be 
repor ted .  
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C. RESERVOIR ASSESSMENT SUBSTUDY 

INTRODUCTION 

While accelerated development of 
geothermal energy could  provide  a 
s i g n i f i c a n t  a d d i t i o n a l  source of 
energy for t h e  world, it is a t t ended  
by s e v e r a l  well-known b u t  unresolved 
t e c h n i c a l  problems. There is a need 
for g r e a t e r  knowledge of r e s e r v o i r  
mechanics, better methods for iden- 
t i f i c a t i o n  and assessment of geother-  
m a l  f i e l d s ,  better and safer d r i l l -  
ing techniques ,  better product ion 
techniques  to p reven t  re se rvo  i r 
damage by s c a l i n g  and co r ros ion ,  
s t a n d a r d i z a t i o n  of a n a l y t i c a l  pro- 
cedures  and better methods for 
minimizing environmental  problems. 

Research and development on t h e  
problems of f l u i d  disposal, mater- 
i a l s  co r ros ion  and s c a l i n g ,  and 
r e s e r v o i r  engineer ing  were reviewed 
by a group of e x p e r t s  a t  t h e  Firs t  
I n t e r n a t i o n a l  Geothermal Implementa- 
t i o n  Conference a t  Wairakei, New 
Zealand (Reference 1). Their  objec- 
t i v e  was to i d e n t i f y  problems of 
common i n t e r e s t  which would be 
appropriate for i n t e r n a t i o n a l  co- 
o p e r a t i v e  p r o j e c t s .  Two t e c h n i c a l  
areas--disposal  of  - geothermal f l u i d s  
and r e s e r v o i r  engineering--were 
i d e n t i f i e d  for coopera t ive  i n v e s t i -  
g a t i o n  i n  t he  Substudy on Reservoir  
Assessment. ‘ 1  

D i s p o s a l  of Geothermal F l u i d s  ”-- 

A major problem associated w i t h  the 
development of hydrothermal resources  
is the d i s p o s a l  of geothermal f l u i d  
after t h e  heat is ex t r ac t ed .  The 
amount of waste f l u i d  normally ranges 
between 75 and 150 lb/kWh of  elec- 
t r  i c i t y  produced, depending upon t h e  
water temperature  and the  f l a s h i n g  

c o n t a i n  d i s so lved  chemicals i n  Con- 
0 pres su re .  Some geothermal f l u i d s  

c e n t r a t i o n s  which prec lude  surface 
disposal i n  to waterways. Examples 
of chemicals and t h e  a c i d i t y  occur- 
r i n g  i n  known geothermal f l u i d s  
inc lude  : 

Chemical Content  

N a C l  
B 

A s  
so4 

500-200,000 ppm 
2-200 ppm 
1-1,000 ppm 
4 - 4 0  ppm 

A c  i d  i t y 

PH 7-1 

V a r i o u s  methods have been used to 
dispose of geothermal b r i n e  around 
t h e  world. They inc lude  surface 
d i scha rge  where the water is 
s u f f i c i e n t l y  pure ( I ce l and)  , eva- 
p o r a t i o n  and s t o r a g e  i n  ponds 
(Mexico), and i n j e c t i o n  (New Zealand, 
t h e  United States,  and Japan) . 
A t  t he  N e w  Zealand Conference t h e  
group of experts on geothermal fluid 
u t i l i z a t i o n  recommended t h a t  co- 
o p e r a t i v e  research should f o c u s  on 
i n j e c t i o n  technology for t h e  
fol lowing reasons: 

1.. to avoid t h e  environmental  
’problems r e s u l t i n g  from t h e  
disposal of geothermal f l u i d s  

1 i n  to waterways ; 

2. to reduce subsidence;  and 

3. 

- 8  

to c o n t r i b u t e  to the recharge of 
r e s e r v o i r s ,  ‘ increasing t h e  
total f r a c t i o n  of energy t h a t  
is ex t r ac t ed .  

One problem w i t h  i n j e c t i o n  is t h a t  
most geothermal ho t  waters c o n t a i n  
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some disso lved  so l id s  , and t h e  
lowered p r e s s u r e s  and temperatures  
a t  which such f l u i d s  are i n j e c t e d  
may cause p r e c i p i t a t i o n  of s o l i d s  
which i n  t u r n  may plug f r a c t u r e s  
or pores i n  t h e  r e se rvo i r .  
n e t  resul t  could be a decrease i n  
pe rmeab i l i t y  and reduced c a p a c i t y  
f o r  accept ing  f u r t h e r  i n j e c t i o n  
f l u i d s ,  to t h e  i n e v i t a b l e  de t r iment  
of  p roduc t iv i ty .  Another problem 
a s s o c i a t e d  wi th  i n j e c t i o n  is t h e  
s c a l i n g  t h a t  g e n e r a l l y  occurs  i n  
t h e  i n j e c t i o n  equipment, s u r f a c e  
channels ,  pipes, and wells. The 
a c t i v i t i e s  of  t h e  CCMS Geothermal 
F l u i d  I n j e c t i o n  Program w i l l  be 
presented  i n  t h e  body of t h i s  
summary. 

The 

Reservoir  Engineer ing 

The purposes of r e s e r v o i r  engineer-  
i ng  are to determine t h e  q u a n t i t i e s  
of geothermal f l u i d  i n  a r e s e r v o i r  
and to e s t a b l i s h  economical rates 
of u t i l i z a t i o n .  These t a s k s  cannot  
be s a t i s f a c t o r i l y  accomplished 
with p r e s e n t  techniques.  Curren t  
geophys ica l  s t u d i e s  can i n d i c a t e  
the phys ica l  s i z e s  of r e s e r v o i r s  
i n  a g e n e r a l  way, b u t  they  do no t  
r e l i a b l y  e s t a b l i s h  t h e  e x t e n t  of 
recoverable  geothermal energy i n  
megawatt yea r s .  Success fu l  i n t e -  
g r a t i o n  of  geothermal resources  
i n t o  t h e  world energy mix awaits 
f u r t h e r  ref inement  of many resource  
assessment techniques.  

A t  New Zealand, t h e  e x p e r t  group on 
r e s e r v o i r  engineer ing  noted t h a t  
whi le  s o m e  petroleum technology is 
a p p l i c a b l e  to geothermal resources  , 
t h e r e  is a specific need to undertake 
f i e l d  s t u d i e s  i n  localities where 
cons ide rab le  exper ience  has  been 
gained.  These s t u d i e s  should inc lude  
the  fol lowing:  
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1. g e n e r a l  f i e l d  ope ra t ions  and 
f i e l d  development, 

3. hydrogeolog ic d a t a  , 

4. w e l l  product ion h i s tor ies ,  

5. pressure and temperature logs ,  

6 .  core and c u t t i n g  ana lyses ,  

7. phys i ca l  and chemical p r o p e r t i e s  
of r e s e r v o i r  f l u i d s ,  and 

8.  well flow test  da t a .  

An o v e r a l l  o b j e c t i v e  of  t h e  CCMS 
Geothermal P i l o t  Study was to 
encourage t h e  development of long- 
term i n t e r n a t i o n a l  coope ra t ive  
a c t i v i t i e s .  I n  t h e  area of r e s e r v o i r  
engineer ing ,  t h i s  e f f o r t  culminated 
i n  a b i l a t e r a l  agreement between 
t h e  United States and Mexico i t l  
1977 to undertake a coope ra t ive  
i n v e s t i g a t i o n  of t h e  geothermal 
system a t  Cerro P r i e t o ,  which is 
i n  t h e  same g e o l o g i c a l  s e t t i n g  
as t h e  Imper ia l  Val ley.  While 
t h e  e x i s t e n c e  of a shared  geothermal 
resource between t h e  United States 
and Mexico would have encouraged 
a coope ra t ive  e f f o r t  independent ly  
of other cons ide ra t ions ,  t h e  CCMS 
Geothermal P i l o t  Study provided 
a suppor t ive  forum f o r  d i s c u s s i o n s  
between r e p r e s e n t a t i v e s  of t h e  
United States (Lawrence Berkeley 
Laboratory , t h e  U. S. Geologica l  
Survey, and t h e  Bureau  of Reclama- 
t i o n )  and Mexico (Comisibn Fede ra l  
de Electricidad) dur ing  the  pe r iod  
1975-1977, when both c o u n t r i e s  were 
i n  t h e  process  of a c c e l e r a t i n g  
t h e i r  r e spec t ive  geothermal programs. 

A d i scuss ion  of coopera t ive  r e s e r v o i r  
assessment a c t i v i t i e s  under t h e  
U.S.-Mexican B i l a t e ra l  Agreement 
w i l l  be presented  i n  Appendix 3-D. 

CCMS GEOTHERMAL FLUID 
lNJECTlON PROGRAM 

Obiec t i v e s  

2. local and r eg iona l  geology, The o b j e c t i v e s  of t h e  Geothermal 
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F l u i d  I n j e c t i o n  substudy are to  and were a s s o c i a t e d  w i t h  f a u l t -  
i d e n t i f y  t h o s e  aspects Of i n j e c t i o n  
t h a t  are of common i n t e r e s t  and to 
i n i t i a t e  appropriate programs to  
assist p a r t i c i p a t i n g  c o u n t r i e s .  

i ng  systems--that both c o u n t r i e s  
could  b e n e f i t  from t h e  exchange of 

:3k Design o f  Substudy 

It was noted a t  t h e  time of the F i r s t  
Geothermal Implementation conference 
i n  1974 t h a t  t h e  Min i s t ry  of Works 
and Developnent i n  New Zealand 
and t h e  Bureau of Reclamation i n  
t h e  United States were t h e  on ly  
o rgan iza t ions  planning experimental  
i n j e c t i o n  a c t i v i t i e s  i n  t he  near 
f u t u r e .  Geothermal i n v e s t i g a t i o n s  
conducted a t  t h e  Broadlands geother- 
mal f i e l d  i n  N e w  Zealand (F igure  
1 I I . C - 1 )  and t h e  E a s t  Mesa geothermal 
f i e l d  i n  t h e  Imperial Valley (F igu re  
I11 .C-2) provided an e x c e l l e n t  oppor- 
t u n i t y  to conduct coopera t ive  in j ec -  
t i o n  s t u d i e s .  The t w o  f i e l d s  were 
s u f f i c i e n t l y  similar--both f i e l d s  
were of t h e  liquid-dominated type 

Figure  1 I I . C - 1 .  An i n j e c t i o n  w e l l  used 
to  d ispose  of waste f l u i d  from an 
a l f a l f a  pe l le t  process ing  p l a n t  
i n  t h e  Broadlands geothermal area, 
New Zealand. The w e l l  is a spen t  
geothermal product ion  w e l l  (photo 
by t h e  Bureau of Reclamation.) 

(CBB 785-6187) 

Figure  1 I I .C-2 .  An i n j e c t i o n  w e l l  and a s s o c i a t e d  pumping 
apparatus a t  t h e  E a s t  Mesa Tes t  S i te ,  Imper i a l  Val ley ,  
C a l i f o r n i a  (photo by t h e  Bureau  of Reclamation).  

(XBB 785-6297) 
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information.  Development of a 
coope ra t ive  program was undertaken 
a t  a workshop of U.S. and N e w  Zealand 
geothermal expe r t s .  Proposed areas 
for 

1. 

2. 

3.  

4.  

5 .  

6 .  

7. 

cooperat ion included : 

des ign  of  proposed i n j e c t i o n  
programs : 

des ign  of proposed monitor ing 
programs, such as l e v e l i n g  and 
geode t i c  surveys ,  tilt l e v e l i n g ,  
tiltmeter surveys,  extensometers ,  
g r a v i t y ,  microseismic , res is- 
t i v i t y ,  and borehole measure- 
ments such as p res su re ,  temper- 
ature and f l o w :  

p rog res s ive  in te rchange  of 
i n j e c t i o n  test  da t a  , r e s u l t s  and 
i n  t e r p  re t a t  ion  : 

s t u d i e s  i n  p re t r ea tmen t  of 
f l u i d s  : 

i n v e s t i g a t i o n  of co r ros ion  
and s c a l i n g  problems i n  
i n j e c t i o n ;  

i n v e s t i g a t i o n  of s u i t a b l e  
r a d i o a c t i v e ,  chemical dye, and 
other p o s s i b l e  tracers: and 

well completion methods. 

Subsequently,  two a d d i t i o n a l  work- 
shops we re conducted which included 
t h e  p a r t i c i p a t i o n  of geothermal 
e x p e r t s  from E l  Salvador ,  Mexico, 
France,  and t h e  P h i l i p p i n e s  as w e l l  
as those from the United States and 
N e w  Zealand. The workshops involved 
exchanges of data,  meetings with 
o p e r a t i n g  and s c i e n t i f i c  personnel  
a t  on-l ine geothermal i n s t a l l a t i o n s  , 
and coord ina ted  review and develop- 
ment of i n j e c t i o n  programs. 

The Program 

The f i r s t  geothermal workshop on t h e  
i n j e c t i o n  of geothermal f l u i d s  was 
held a t  Wairakei, N e w  Zealand, on 
November 18-27, 1974, w i t h  repre-  

s e n t a t i v e s  from the  U.S. Bureau 
of Reclamation and the  New Zealand 
Minis t ry  of Works and Development, 
t h e  Department of S c i e n t i f i c  and 
I n d u s t r i a l  Research and t h e  Committee 
on Energy R&D. A t  t he  workshop, 
p a r t i c i p a n t s  draf ted  an informal  
agreement suppor t ing  an exchange 
of information between the  two 
coun t r i e s .  T h i s  agreement was sub- 
sequent ly  approved by t h e  agenc ie s  
involved and has  provided a u s e f u l  
framework for exchanges of informa- 
t i o n .  

Discussion a t  t he  f i r s t  workshop 
began w i t h  a review of e x i s t i n g  geo- 
thermal f i e l d s  i n  N e w  Zealand and 
t h e  United States to ensure  t h a t  
a l l  known a s p e c t s  of t h e  i n j e c t i o n  
problem areas were considered.  
I t e m s  of mutual i n t e r e s t  examined 
included (1) coopera t ive  review of 
proposed i n j e c t i o n  programs followed 
by exchange of information and 
data dur ing  t h e  i n j e c t i o n  ope ra t ion ,  
(2 )  methods and ins t ruments  used  i n  
t h e  monitoring program, e.g.  , temper- 
a t u r e  and p r e s s u r e  surveys ,  l e v e l  
surveys,  modeling of t h e  r e s e r v o i r ,  
and t h e  u s e  of extensometers ,  tilt- 
meters, and flow measuring dev ices ,  
and ( 3 )  subsidence monitor ing methods 
i n  N e w  Zealand and t h e  United States .  

The u s e  of trace elements  during in- 
j e c t i o n  o p e r a t i o n s  has been attemp- 
ed i n  both c o u n t r i e s  w i t h  l i t t l e  
success. Discussion among par t ic i -  
p a t i n g  e x p e r t s  suggested t h a t  radio- 
a c t i v e  elements  such  as t r i t ium 
or iod ine  should  be used to o b t a i n  
measurable r e s u l t s .  

A s  an ex tens ion  to  the  F i r s t  N e w  
Zealand Workshop, U.S. Bureau of Re- 
c lamation personnel  v i s i t e d  Japan 
and m e t ; w i t h  Japanese geothermal 
engineers  to discuss the i r  oper- 
a t i o n a l  i n j e c t i o n  experience.  

The main reason t h e  Japanese were 
i n j e c t i n g  waste geothermal f l u i d s  
was to prevent  a r s e n i c  i n  geothermal 
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f l u i d s  from contaminat ing s u r f a c e  
waters . Geothermal f l u i d s  i n  Japan 
con ta in  from 2 to 10  ppm a r s e n i c .  
The d ischarge  of waste geothermal 
f l u i d s  i n t o  s u r f a c e  streams and t h e  
a s s o c i a t e d  e f f e c t  on f i s h e r i e s  down- 
stream have become an environmental  
i s s u e  i n  Japan. The Japanese have 
i n j e c t e d  geothermal f l u i d s  for 
s e v e r a l  y e a r s  and have ob ta ined  
va luab le  d a t a  on i n j e c t i o n  a c t i v i -  
ties. 

Grs 

Sca le  is a p o t e n t i a l  problem area 
i n  t h e  development of any geothermal 
f i e l d .  This  is t rue f o r  product ion 
as w e l l  as i n j e c t i o n .  I n  New Zealand 
and Japan,  s i l ica depos i t i on  appears 
to be t h e  main cause of scale. 
Numerous methods of prevent ing  
si l ica from polymerizing and adher- 
ing to s u r f a c e s  of p ip ing  and equip- 
ment are under study. Ponding tests 
were conducted to  allow t i m e  f o r  
t h e  s i l ica  to sett le.  I t  has also 
been found t h a t  s i l ica may be removed 
by t h e  a d d i t i o n  of l ime to t h e  
f l u i d s .  A l t e r n a t i v e l y ,  it was 
suggested t h a t  i f  geothermal f l u i d s  
are i n j e c t e d  a t  high temperatures ,  
t h e  silica w i l l  remain i n  so lu t ion .  

The Second Geothermal Workshop on 
I n j e c t i o n  of  Geothermal F l u i d s  was 
he ld  i n  E l  Centro,  C a l i f o r n i a ,  on 
May 15-17, 1975, w i t h  representa-  
t i v e s  from t h e  U.S. Bureaubof-Recla- 
mation, New Zealand, El Salvador; 
France , and t h e  Philippines’.  8 ,  

’ L  --, - -  
1 ,  

A t  t h i s  meeting, t h e  progress:’:in‘. 
geothermal f l u i d  i n j e c t i o n  was 
reviewed. Inves t - iga tors  a t  “ the E a s t  
Mesa geothermal f i e l d  reported t h a t  
one of  t h e  primary problems i n  
i n j e c t i o n  was calcium Carbonate 
s c a l i n g  near t h e  l j o t t o m  of t h e  in-  
j e c t i o n  w e l l  and i n  t h e  geologic  
formations.  Cleaning t h e  w e l l  w i th  
both hydrochlor ic  and hydro f luo r i c  
acids had improved t h e  acceptance 6d Of geothermal f l u i d s  cons iderably .  
A l l  f l u i d  was being f i l t e r e d  be fo re  

being i n j e c t e d ,  and f a c i l i t i e s  had 
been i n s t a l l e d  f o r  chemical treat- 
ment of t h e  f l u i d  to h e l p  prevent  
t h e  development of calcium carbonate  
scale. 

The i n v e s t i g a t o r s  also noted t h a t  
mixing geothermal f l u i d s  from 
d i f f e r e n t  wells increased  t h e  
p r o b a b i l i t y  and rate of calcium 
carbonate  sca l ing .  The most r e c e n t  
i n j e c t i o n  a c t i v i t y  a t  E a s t  Mesa 
included flowing of a l l  waste f l u i d s  
from geothermal o p e r a t i o n s  i n t o  t h e  
b r i n e  holding pond and pumping from 
t h i s  pond to t h e  i n j e c t i o n  w e l l .  
Without ponding, care m u s t  be taken 
i n  propor t ion ing  t h e  amount of f l u i d  
from each w e l l  to reduce t h e  fo r -  
mation of calcium carbonate  scale, 
al though f i l t e r i n g  w i t h  25-micron 
bag-type f i l t e r s  had been e f f e c t i v e .  

The i n j e c t i o n  program i n  New Zealand 
was to involve t h e  u s e  of product ion 
wells a t  Broadlands t h a t  had ceased 
u s e f u l  product ion.  
t h e  second geothermal workshop (1975) 
i n j e c t i o n  had n o t  y e t  been performed 
b u t  was expected to be i n  t h e  very  
near  f u t u r e .  

A t  t h e  time of 

Ex i s t ing  and proposed i n j e c t i o n  
o p e r a t i o n s  i n  France,  t he  Phi l -  
i pp ines ,  and E l  Salvador were d i s -  
cussed and analxzed by p a s t  i c ipan  ts 
a t  the  meet ing; ,  I n j e c t i o n  problems 
i n  t h e s e  c o u n t r i e s  were similar 
to those i n  the United States and 
N e w  Zealand. Sca l ing  caused by 
s i l ica  and c a l c i u m  carbonate  seemed 
to be t h e  primary problem i n  a l l  
i n j e c t i o n  a c t i v i t i e s .  T e s t s  are  
cont inuing  i n  t h e s e  c o u n t r i e s  to  
so lve  problems of s c a l i n g  i n  t h e i r  
r e s p e c t i v e  i n j e c t  ion programs. 
P a r t i c i p a n t s  a t  t h e  meeting agreed 
to f2urnish p e r t i n e n t  i n fo rma t ion  
on i n j e c t i o n  to o the r  c o u n t r i e s  
as it becomes a v a i l a b l e .  

The geothermal f l u i d  i n j e c t i o n  por- 
t i o n  of t h e  Reservoir  Assessment 
Study concluded wi th  t h e  Third In- 



j e c t i o n  Workshop, he ld  i n  Taupo, New 
Zealand, on September 4-5, 1976. 
I n j e c t i o n  a c t i v i t i e s  i n  t h e  follow- 
ing  geothermal f i e l d s  were discussed:  
Ahuachapan, Broadlands,  East Mesa, 
t h e  Paris Basin,  the  Geysers,  and 
Larderello. 

During t h e  d i scuss ions  a number of 
p a r t i c i p a n t s  commented on special 
tests tha t  could  be made to eva lua te  
t h e  e f f e c t i v e n e s s  of i n j e c t i o n .  
Analyzing pressure build-up d a t a  
could determine whether chemical 
depos i t i on  was occurr ing  i n  t h e  w e l l  
bore or i n  t he  formation immediately 
around t h e  w e l l .  Similar tests 
after a c i d i z i n g  t h e  well could  
determine its e f f e c t i v e n e s s .  

Sensitive pressure gauges are 
a v a i l a b l e  which w i l l  p rovide  u s e f u l  
information for p res su re  t r a n s i e n t  
a n a l y s i s  and f o r  i n t e r f e r e n c e  test- 
ing  between wells. 

Tracer surveys  have been undertaken 
a t  t h e  Geysers geothermal f i e l d  
to determine t h e  f l o w  system of 
the f i e ld  and the  effect of in jec-  
t i o n  on t h e  system. 
t i o n  tests us ing  tritium as a tracer 
showed no r a d i o a c t i v i t y  i n  t h e  steam 
after four  months. Later, l a r g e r  
amounts of- tritium were i n j e c t e d  and 
d e t e c t i o n  was made wi th in  t e n  days.  
These tracer tests i n d i c a t e d  t h a t  
part  of the i n j e c t e d  f l u i d  is being 
made a v a i l a b l e  as steam i n  produc- 
t i o n  wells. T r i t i u m  tracer has 
also been used i n  geothermal f i e l d s  
i n  E l  Salvador .  

I n i t i a l  i n j ec -  

COMChUSlONS 

1. Geothermal F l u i d  I n j e c t i o n  
Workshops conducted under t h e  
a e g i s  of the Geothermal P i l o t  
Study have been va luab le  for 
sha r ing  knowledge and expertise 
among t h e  p a r t i c i p a t i n g  
c o u n t r i e s .  However, cons ider -  
able knowledge is st i l l  to 
be gained i n  t h e  i n j e c t i o n  
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phase of geothermal programs. 

2. I n j e c t i o n  is a key element i n  
s a t i s f a c t o r y  disposal of geo- 
thermal waste f l u i d .  S c a l i n g  
caused by s i l ica  and calcium 
carbonate  seems to be the p r i -  
mary problem i n  a l l  i n j e c t i o n  
a c t i v i t i e s  . Permanent methods 
f o r  c o n t r o l l i n g  scale formation 
i n  i n j e c t i o n  wells have no t  
been pe r fec t ed ,  bu t  pH and 
temperature  c o n t r o l  appear 
promising . 

RECOMMENDATIONS 

Continued expe r t  coopera t ion  is 
needed to t a k e  e f f e c t i v e  advantage 
of work t ha t  has  been accomplished 
in the identification, evaluation 
and r e s o l u t i o n  of i n j e c t i o n  pro- 
blems. 

There are s e v e r a l  areas where 
cont inued  coopera t ion  among 
p a r t i c i p a t i n g  c o u n t r i e s  would  be 
advantageous : 

1. I n t e r d i s c i p l i n a r y  s t u d i e s  of 
problems associated w i t h  in- 
j e c t i o n  are needed. 
each d i s c i p l i n e  has made its 
own attack on disposal of waste 
f l u i d s .  I n v e s t i g a t o r s  should 
approach new i n j e c t i o n  pro- 
blems w i t h  t h e  o b j e c t i v e  of 
s o l v i n g  t h e  common problem of 
f i e l d  assessment  and management. 
Future  coopera t ion  should 
address t h e  fol lowing topics: 

U p  to now 

a. Subsidence control--pressure 
maintenance, l o c a t i o n  of 
product ion  and i n j e c t i o n  
wells, eva lua t ion  of 
a l t e r n a t i v e s  to i n j e c t i o n .  

b. Reservoir  evaluat ion--  . 
modeling and i n j e c t i o n ,  
effect of i n j e c t i o n  on 
recharge  and on temperature  
degrada t ion .  

n 
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c. Mechanical and physical 
performance of subsurf ace 
formations--engineer ing  , 
geology, and rock mechanics 
theory, and i n  s i t u  and 
laboratory measurements. 

d. Development of new 
corrosion-resistant 
mater ials--f or handling 
geothermal f l u i d s ,  e.g., 
special concretes , new 
metals and plastics. 

2.  Coordinated studies of injection 
should continue to draw upon 
computer modeling of ground 
water and geothermal reservoirs. 

3. Direct exchange of data derived 
from evaluation of materials, 
equipment and instruments for 
use i n  geothermal injection tes t  
operations would faci l i ta te  
development of appropriate hard- 
ware. This  can also be accom- 

plished through correspondence , 
on-site v i s i t s ,  or the trans- 
mittal of papers and ar t ic les  
to the Computer-Based Information 
Systems under U . S .  -Italian 
sponsorship for periodic topical 
reviews of injection technology. 

A l l  interested countries are en- 
couraged to participate i n  the 1980 
follow-up international review con- 
ference for the Geothermal Pilot  
Study. By that time, there should 
be sufficient experience accumulated 
w i t h  injection act ivi t ies  for a 
useful discussion of the state of 
injection technology to take place. 
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D. SMALL GEOTHERMAL POWER PLANTS SUBSTUDY 

INTRODUCTION 

Small power p l a n t s  i n  t h e  0.5- to  
5-MWe range are an important alter- 
n a t i v e  to c e n t r a l  power s t a t i o n s  f o r  
developing geothermal resources .  
The l a r g e  power s t a t i o n s  of 50- 
100 MWe have t w o  major disadvantages:  
they  r e q u i r e  l a r g e  i n i t i a l  capital 
commitments and a l a r g e  amount 
of l ead  t i m e  to  determine i f  a 
resource  is s u f f i c i e n t  to suppor t  
t h e i r  development. This  de lays  t h e  
immediate u t i l i z a t i o n  of geothermal 
energy , and d iscourages  t h e  develop- 
ment of  geothermal power i n  s p a r s e l y  
populated areas where t h e  c u r r e n t  
power demand is q u i t e  low b u t  where 
t h e  a v a i l a b i l i t y  of low-cost power 
would do much to enhance the  economy 
of  t h e  areas. 

The small power p l a n t  approach to 
geothermal development was considered 
a t  t h e  CCMS Geothermal P i l o t  Study 
Planning Meeting i n  October 1973. The 
e x p e r t s  concluded t h a t  a coope ra t ive  
i n v e s t i g a t i o n  of small p o r t a b l e  well- 
head conversion systems is important 
for t h e  following reasons: 

1. A small geothermal power p l a n t  
could  provide electrical energy 
to remote l o c a t i o n s  where other 
gene ra t ing  methods were no t  
s a t i s f a c t o r y  due to  f u e l  costs 
or to t ransmiss  ion d i s t a n c e  
from a c e n t r a l  gene ra t ing  
f ac i li t y . 

2. A small geothermal power p l a n t  
would allow product ion  of 
electrical energy a t  t he  ear l ies t  
p o s s i b l e  time i n  t h e  development 
of a geothermal f i e l d .  

3. F i n a l l y ,  because t e c h n i c a l  
problems a s s o c i a t e d  w i t h  l a r g e r  
gene ra t ing  f a c i l i t i e s  would be 
p r e s e n t  i n  t h e  smaller systems, 
t h e  smaller f a c i l i t i e s  would 
allow eva lua t ion  of these 
problems a t  lesser cost. 

France,  I ce l and ,  I t a l y ,  Mexico, N e w  
Zealand, Po r tuga l ,  Turkey, and t h e  
United States expressed an i n t e r e s t  
i n  t h i s  p roposa l  and it was agreed 
t h a t  t h e  United States ,  i n  con- 
s u l t a t i o n  wi th  i n t e r e s t e d  c o u n t r i e s ,  
would determine more p r e c i s e l y  how 
to advance i n t e r n a t i o n a l  coope ra t ion  
on small geothermal power p l a n t s .  

0 BJ ECTl VES 

Const ruc t ion  of geothermal power 
p l a n t s  involves  numerous s e p a r a t e  
tasks  which are most o f t e n  accom- 
plished by appropriate government 
agencies  or p r i v a t e  deve lopers  
through c o n s u l t a t i o n  w i t h  a repu- 
t a b l e  a rch i t ec t / eng inee r ing  f i rm.  * 

The o b j e c t i v e  of t h e  Small Geother- 
mal Power P l a n t  Substudy is to  in- 
crease t h e  t e c h n i c a l  c a p a b i l i t y  of 
p a r t i c i p a t i n g  c o u n t r i e s ,  inc luding  
those  t h a t  have had no previous  ex- 

-- 
* 
The consu l t ing  a rch i t ec t / eng inee r ing  f i r m  provides  o v e r a l l  planning of t h e  

project and ove r sees  schedul ing and execut ion  of numerous tasks  a s s o c i a t e d  
wi th  t h e  cons t ruc t ion  of a geothermal power p l a n t .  
(1) coord ina t ing  t h e  resource  exp lo ra t ion  and eva lua t ion  a c t i v i t i e s  and 
e s t a b l i s h i n g  optimum p l a n t  l oca t ion ;  (2 )  e s t a b l i s h i n g  t h e  s i z e  of t h e  resource 
and i ts  hydrothermal and chemical c h a r a c t e r i s t i c s ;  ( 3 )  e s t a b l i s h i n g  power 
system c h a r a c t e r i s t i c s  to be i n t e r f a c e d  w i t h  t h e  new p l a n t ;  ( 4 )  des igning  
t h e  site's c i v i l  improvements and p l a n t  module foundat ions ;  (5) des igning  
t h e  c o l l e c t i o n  and r e i n j e c t i o n  system p i p e l i n e s ;  ( 6 )  managing t h e  procurement 

I t  must be capable  of 
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per i ence  wi th  geothermal power 
u t i l i z a t i o n ,  f o r  t h e  des ign ,  pro- 
curement, and use of small power 
p l a n t s  based on e x i s t i n g  technology. 
The primary i n t e n t i o n  of the sub- 
s tudy  is to apply t h e  e x i s t i n g  
body of i n t e r n a t i o n a l  exper ience  
i n  product ion  of  e l e c t r i c i t y  from 
geothermal resources  towards t h e  
des ign  and i n s t a l l a t i o n  of  a small 
(5 We) geothermal power p l a n t .  

While t h e  technology f o r  small 
geothermal power p l a n t s  is a v a i l a b l e  , 
such systems use equipment t h a t  is 
l a r g e l y  non-standard; t h u s  a secon- 
dary  purpose of t h e  substudy is to 
encourage t h e  compet i t ive  develop- 
ment of key prototype equipment 
modules t h a t  have cost reduct ion  
p o t e n t i a l  because they are standard- 
ized  and can be manufactured i n  
q u a n t i t y .  

Design of Substudy 

The Small Power P l a n t  Substudy w a s  
organized i n  t w o  phases.  
t h e  substudy was devoted to t h e  
development of a conceptua l  des ign  
f o r  a 2- to  5-MWe geothermal power 
p l a n t .  A system concept  f o r  a 5-MWe 
power p l a n t  was reviewed a t  t w o  
i n t e r n a t i o n a l  conferences  i n  1975 , 
a t  Berkeley, C a l i f o r n i a ,  and the 
Azores, Por tuga l .  During Phase 2 ,  
a set of g u i d e l i n e s  f o r  procurement 
and cons t ruc t ion  of a small geother-  
mal power p l a n t  was prepared by 
Rogers Engineer ing eo., Inc.  (USA) 
i n  coopera t ion  w i t h  a committee 
from I t a l y ,  Japan,  Mew Zealand, 
Turkey , and t h e  United States  . 

Phase 1 of 
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Because  of t h e  d i v e r s e  i n t e r e s t s  and 
needs t h a t  a small geothermal power 
p l a n t  would be l i k e l y  to s e r v e ,  the 
United States  commissioned a con- 
c e p t u a l  des ign  r e p o r t  to examine t h e  
costs, cons t ruc t ion  and assembly 
t i m e  f o r  a small-scale geothermal 
power p l a n t  and its p o t e n t i a l  u t i l i t y  
as  a t r a i n i n g  f a c i l i t y  (Reference 1). 
This  s tudy  was f i r s t  p resented  to  the  
r e p r e s e n t a t i v e s  of f i f t e e n  c o u n t r i e s  
a t  t h e  F i r s t  Conference on Small- 
Sca le  Geothermal Power P l a n t s  dur ing  
Phase 1 of  t h e  s tudy ,  a long wi th  
a proposal for a three-phase cmper- 
a t i v e  program under CCMS auspices. 
The proposed program would begin 
wi th  a survey of needs and des ign  
concepts  lead ing  towards a demonstra- 
t i o n  project a t  a p a r t i c u l a r  s i te  
and an eva lua t ion  of the r e s u l t s .  

The des ign  s tudy  involved a system 
concept  f o r  a s tandard ized  steam 
turbine-dr iven electric gene ra t ing  
p l a n t  of 2- to 5-MWe capac i ty ,  
ope ra t ing  on steam der ived  from a 
1 i q u  id-dom i na ted hydro t her m a  1 
r e s e r v o i r  of approximately 205OC 
r e s e r v o i r  temperature.  The power 
p l a n t  c o n s i s t e d  of four  fac tory-  
assembled modules, selected to 
minimize t h e  amount of assembly and 
i n s t a l l a t i o n  work required i n  t h e  
f i e l d  and to be r e a d i l y  t r a n s p r -  
t a b l e  by t r u c k  and lowbed t r a i l e r ,  
The modules c o n s i s t e d  of a steam 
s e p a r a t o r ,  a t u r b i n e  genera tor  u n i t ,  
a condenser,** a switch gear  module 
and a p r e f a b r i c a t e d  bu i ld ing  wi th  
l a v a t o r y ,  o f f i c e ,  supply s to rage ,  

and d e t a i l e d  des ign  of a l l  modules: ( 7 )  des igning  and procuring t h e  module 
in te rconnec t ions ;  (8) s p e c i f y i n g  and procur ing  appropr i a t e  a l t e r n a t i v e  or 
o p t i o n a l  u n i t s ;  ( 9 )  managing t h e  cons t ruc t ion ,  s t a r tup  and t r a i n i n g  a c t i v i t i e s  
a s soc ia t ed  wi th  f u l l y  implementing a geothermal power p l a n t .  

** 
The condenser would be a barometr ic  condenser with a once-through coo l ing  

system where an ad jacen t  source of cool ing  water is ava i l ab le .  
a v a i l a b l e a  t h e  condenser would be e l imina ted  and the t u r b i n e  would be a back- 
p re s su re  tu rb ine .  

If water is not  
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and equipment maintenance areas. 
When ope ra t ing  under des ign  condi- 
t i o n s ,  t he  genera tor  produces 
5,000 kW i n  t h e  condensing mode. 
When it is ope ra t ing  i n  a back- 
pressured  mode exhaust ing to t h e  
atmosphere, maximum ou tpu t  is approx- 
imately 2 , 200 kW. 

0 

Costs of the  proposed 2- to 5-MWe 
power p l a n t  were es t imated  t o  be 
$1.8 m i l l i o n  (First Quarter 1975) 
i n s t a l l e d  a t  a typical l o c a t i o n  
(approximately f i f t y  miles from a 
port) w i t h  condensing equipment, 
and $1.5 m i l l i o n  for t h e  nonconden- 
s i n g  vers ion .  For the  condensing 
u n i t ,  t h i s  would amount to $375 
per kilowatt i n s t a l l e d ,  exc lus ive  
of d r i l l i n g  costs. A l t e r n a t i v e l y ,  
cost for a 2.2-MWe backpressure 
p l a n t  would amount to $685 per 
k i l o w a t t  i n s t a l l e d .  Th i s  compared 
favorably  wi th  c a p i t a l  costs of 
50-MWe geothermal c e n t r a l  power 
s t a t i o n s ,  which average $500- 
$700 per k i l o w a t t  i n s t a l l e d .  

I n  t h e  d i scuss ion  of the  proposal, 
it was clear t h a t  t h e  needs, re- 
sources  and i n t e r e s t s  of the p a r t i -  
c i p a n t s  v a r i e d  g r e a t l y .  The d e f i n i -  
t i o n  of "small" ranged from 100 kWe 
to 5 Me; t h e  d e f i n i t i o n  of " l o w  
and moderate" resource cond i t ions  
ranged from 10O0-2OO0C, i n  s o m e  
cases even inc luding  a d ry  steam 
resource  f o r  a "small" power p l a n t .  
Represen ta t ives  from France,  Mexico 
and Por tuga l  expressed cons ide rab le  
i n t e r e s t  i n  t h e  es tab l i shment  of 
a small power p l a n t  project. 
Ing. Jo rge  Guiza of Mexico offered 
a s i te  i n  t h e  Cerro Prieto geother-  
m a l  f i e ld  for t e s t i n g  small power 
p l a n t s ,  and D r .  Ala in  Gr ingar ten  
of France suggested t h a t  small 
modular p l a n t s  be produced f o r  
r e n t a l  to users i n  t h e  e a r l y  s t a g e s  
of  resource developnent.  

Discussion of the  small power p l a n t  
concept  cont inued  a t  t h e  Second 
Conference i n  t h e  Azores i n  September 
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1975. The tasks of t h e  second 
meeting were (1) to discuss  what 
should be done to develop small power 
p l a n t s  i n  c o u n t r i e s  p a r t i c i p a t i n g  i n  
t h e  substudy,  and ( 2 )  to eva lua te  
t h e  p o t e n t i a l  of t he  Azores as  a 
case s tudy  f o r  a small power p l a n t  
development program. 

Repre sen  ta  t i v e s  f r om Por t ugal. , 
France, Nicaragua, Yugoslavia,  Japan,  
and t h e  United S t a t e s  descr ibed  their  
a c t i v i t i e s  i n  geothermal development, 
p a r t i c u l a r l y  t h e  p o t e n t i a l  a p p l i -  
c a t i o n  of small power p l a n t s .  

Geothermal development i n  t h e  Azores 
started w i t h  t h e  d r i l l i n g  of an  
experimental  hole t h a t  encountered 
f l u i d  temperatures of 200% a t  
roughly 900-m depth.  A system of 
small power p l a n t s  is planned ( t h e  
f i r s t  one w i l l  be 3 MWe) to  phase 
o u t  dependence on hydropower so t h a t  
the water can be used f o r  i r r i g a t i o n  
and power p l a n t  cool ing .  I n s t a l l e d  
gene ra t ing  c a p a c i t y  was 14.9 MWe i n  
1975 on Sao Miguel, w i t h  a popula- 
t i o n  of 180,000 people .  The poten- 
t i a l  for d i r e c t  h e a t  a p p l i c a t i o n s  
of geothermal energy i n  t h e  Azores 
inc ludes  food process ing  ( sugar ,  
powdered m i l k ,  agar -agar ) ,  green- 
housing, canning, space hea t ing ,  
and production of f resh water. 
Por tuga l  has  announced p l a n s  to 
e s t a b l i s h  an experimental. geothermal 
l a b o r a t o r y  i n  connect ion w i t h  a pro- 
posed E a r t h  Sc iences  I n s t i t u t e  i n  
t he  Azores to  oversee  the  develop- 
ment of geothermal energy. 

France discussed its exper ience  
ove r seas  i n  French Somaliland, t h e  
French West I n d i e s ,  and Guadeloupe. 
Cons t ruc t ion  of small power p l a n t s  
i n  t h e  2- to 4-MWe range was being 
planned f o r  D j i b o u t i  and Martinique. 
I n  Guadeloupe, t he  major electrical  
demand is about 70 MWe for n i c k e l  
process ing;  and p r i v a t e  i n d u s t r y  
and government are coopera t ing  
to produce steam and e l e c t r i c i t y .  
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Geothermal development was i n i t i a t e d  
i n  Nicaragua i n  1972 with  a s s i s t a n c e  
from t h e  United Nat ions a f t e r  an 
i n i t i a l  survey  found 209% water a t  
220 m. The p r o j e c t  was delayed and 
p a r t i a l l y  destroyed as a r e s u l t  of 
t h e  1972 ear thquake;  work resumed 
again  i n  1973. Exploratory dr  i l l i n g  
has  begun a t  Eilomotombo and San 
J a c i n t o .  I n i t i a l  tests sugges t  t h a t  
t h e  system can produce on t h e  o rde r  
of 100 MWe per  f i e l d .  

Yugoslavia is planning to produce 
power from h o t  water d iscovered  
dur ing  o i l  d r i l l i n g  a t tempts .  Their  
problem is how to handle  t he  car- 
bonates  i n  t h e  f l u i d s  which form 
calcite d e p o s i t s  i n  t h e  well-bore 
and s u r f a c e  p ip ing .  

An i n d u s t r y  r e p r e s e n t a t i v e  from 
Japan described t h e  four  power 
p l a n t s  then  i n  ope ra t ion  a t  O t a k e  
(13 We) , Onuma (10 Me), Matsukawa 
(20 MWe) , and Onikobe (20 me). 
E x i s t i n g  power p l a n t s  a t  O t a k e  and 
Onuma are both s ingle-cy l inder  im- 
pu l se  tu rb ines .  A l-We b ina ry  
f l u i d  cycle demonstrat ion p i l o t  
power p l a n t  was i n s t a l l e d  i n  1977 
a t  the O t a k e  Power P l a n t  s i te .  

Represen ta t ives  from t h e  United 
States d i scussed  ongoing U.S. pro- 
grams i n  geothermal development. 
James Bresee described a j o i n t  
government and i n d u s t r y  e f f o r t  to 
add a 1O-MWe power p l a n t  to t h e  
Geothermal Loop Experimental  Fac i l -  
i t y  a t  Niland,  C a l i f o r n i a .  Anders 
Lundberg presented  t h e  r e s u l t s  of 
i n v e s t i g a t i o n s  a t  Lawrence Livermore 
Laboratory concerning p o t e n t i a l  
use  of  small power p l a n t s  i n  A l a s k a .  
Assuming t h a t  t h e  cost of o i l  per  
b a r r e l  is $100 a t  s o m e  remote Alaskan 
l o c a t i o n s ,  an allowable investment 
i n  small geothermal power p l a n t s  to 
replace p r e s e n t  d i e s e l  p l a n t s  c o u l d  
be as h igh  as $4,000 per i n s t a l l e d  
k i l o w a t t .  These economics might 
be improved s l i g h t l y  i f  t h e  waste 

h e a t  from t h e  power p l a n t s  is used 
f o r  nonelec t r  ic purposes 

Delega tes  to t h e  Azores workshop 
v i s i t e d  electric power p l a n t  s i tes  
on Sao Miguel, F a i a l ,  and Pico.  
E l e c t r i c i t y  to t h e  consumer i n  the  
Azores v a r i e d  from 6.16 c e n t s  per 
kWh (Sa0 Miguel) to 15.4 c e n t s  pe r  
kWh (Pico)  

A t  t h e  conclus ion  of t h e  Azores 
workshop t h e  d e l e g a t e s  endorsed t h e  
concept  of a small geothermal power 
p l a n t  and determined t h a t  a set of 
des ign  g u i d e l i n e s ,  based on t h e  
i n i t i a l  system concept ,  should be 
prepared to suppor t  development of 
a pro to type  small power p l a n t .  The 
g u i d e l i n e s  would be a v a i l a b l e  to all 
i n t e r e s t e d  c o u n t r i e s  and i n t e r -  
n a t i o n a l  o r g a n i z a t i o n s  for adapta- 
t i o n  to a p a r t i c u l a r  l oca t ion .  The 
document would also s e r v e  as t h e  
basis for a detai led des ign  of a 
p ro to type  power p l a n t .  F a b r i c a t i o n  
of a small power p l a n t  was regarded 
as beyond t h e  scope of t h e  Geother- 
mal Pi lo t  Study because it would 
involve  between one to two m i l l i o n  
d o l l a r s  and would require suppor t ing  
t e c h n i c a l  and f i n a n c i a l  commitments 
beyond t h e  pi lot  period. 

Under Phase I1 of t h e  substudy,  
Rogers Engineer ing Company, Inc. ,  
an a rch i t ec t / eng inee r ing  f i rm w i t h  
exper ience  i n  geothermal power, was 
commissioned by the United States to 
prepare a d r a f t  set  of des ign  con- 
s i d e r a t i o n s  and t e c h n i c a l  guide- 
l i n e s  based on their  earlier eon- 
c e p t u a l  des ign  f o r  a modular small 
power p l a n t .  The d r a f t  g u i d e l i n e s  
were reviewed by a committee of 
i n t e r n a t i o n a l  e x p e r t s  from I t a l y  
(P. Ceron) ,  Japan (K. Aikawa) I 

N e w  Zealand (R. S. Bol ton ) ,  Turkey 
(0. Mertoglu) and t h e  United States  
(J. C. Bresee) The f i n a l  report, 
"Modular 5-MW Geothermal Power P l a n t  
Design Cons idera t ion  and Guidel ines"  
( h e r e a f t e r  Design Guide l ines)  was 
publ ished i n  May 1976 (Reference 2) 
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The g u i d e l i n e s  are intended to in- 
form t h e  p o t e n t i a l  owner and equip- 
ment manufacturer of t h e  f e a t u r e s  
and requirements  e s s e n t i a l  to t h e  
reliable design and i n s t a l l a t i o n  
of  a small geothermal power p l a n t .  
By making a v a i l a b l e  t h e  c o l l e c t i v e  
i n t e r n a t i o n a l  exper ience  wi th  small 
power p l a n t s  i n  t h e  form of techni-  
cal  parameters  and des ign  cons ider -  
a t i o n s ,  it also suppor ts  t h e  t a s k s  
of t h e  a rch i t ec t / eng inee t  i n  charge 
of  des ign ,  procurement and construc-  
t i o n  of  a s p e c i f i c  small power 
p l a n t .  It is expected t h a t  t h i s  
e f f o r t  w i l l  acceLerate development 
of known geothermal resources  and 
w i l l  h e l p  developing c o u n t r i e s  
become s e l f - s u f f i c i e n t  i n  energy. 

The des ign  g u i d e l i n e s  d e f i n e  t h e  
requirements  f o r  b a s i c  power p l a n t  
modules and o p t i o n a l  u n i t s ,  and 
describe a basic framework f o r  con- 
tracts involv ing  p l a n t  s i t e  pre-  
p a r a t i o n ,  foundat ion and u t i l i t i e s  
c o n s t r u c t i o n ,  i n s t a l l a t i o n  and 
assembly a c t i v i t i e s  and miscella- 
neous material supp l i e s .  The s i x  
basic modules are a t u r b i n e  gener- 
a tor ,  a condenser and noncondensable 
gas  removal system, a p l a n t  c o n t r o l  
and switchgear  module, a coo l ing  
water c i r c u l a t i o n  pump, a steam- 
w a t e r  separator, and a maintenance, 
office and l a v a t o r y  module (see 
Figure  1 I I . D - 1 ) .  The a l t e r n a t i v e  or 
o p t i o n a l  u n i t s  inc lude  an i n j e c t i o n  
pump, coo l ing  tower, spray  pond 
i n s t a l l a t i o n  and pumping u n i t s ,  
and an a u x i l i a r y  gene ra to r .  

N o  specific cost estimates are 
provided w i t h  t h e  Design Guidel ines .  
However, an estimate of c u r r e n t  1978 
costs based upon a 28 percen t  in-  
crease over t h e  o r i g i n a l  1975 esti- 
mate of  $1.8 m i l l i o n  would amount to 
$2.3 m i l l i o n  f o r  t h e  condensing ver- 
s i o n  and $1.9 m i l l i o n  f o r  t h e  non- 
condensing vers ion .  C o s t  estimates 
may be de r ived  from ind iv idua l  man- 
u f a c t u r e r  p s  q u o t a t i o n s  f o r  each 
needed module or a package q u o t a t i o n  

@ 

f o r  t h e  e n t i r e  power p l a n t .  It  is 
thought t h a t  f o r  power p l a n t  u n i t s  
of 3-5 me, package quotes may be 
more appropr i a t e ,  s i n c e  i n d i v i d u a l  
quotes w i l l  require a d d i t i o n a l  
estimates f o r  i n t e r f a c e  engineer ing  
of t h e  modules involved. 

I n  t he  example shown i n  F igure  1 I I . D -  
steam to t h e  power p l a n t  is suppl ied  
from a s ing le - s t age  f l a s h  steam 
separator u n i t  which is suppl ied  
from t w o  w e l l s  a t  a nominal p r e s s u r e  
of 3.8 Kg/cm2 Abs (54 p s i a )  . A t  
t h e  op t ion  of the  owner, t h e  u n i t  
may ope ra t e  e i ther  with or without  
a condenser (nominal 5 MW and 3 MW 
r e s p e c t i v e l y ) .  In  a d d i t i o n ,  t h e  
p l a n t  may be opera ted  a t  t u r b i n e  
i n l e t  pressures ranging from 3 to  
10  kg/cm2 Abs (43 to 1 4 2  p s i a )  , 
depending on t h e  resource p res su re  
ava i l ab le .  The p l a n t  ou tpu t  capa- 
b i l i t y  is determined by the  steam 
supply p res su re  and ra te  of f l o w .  

General ly ,  there is a b u i l t - i n  mar- 
g i n  of t o l e rance  f o r  small power 
p l a n t s  t h a t  permits them to o p e r a t e  
wi thout  pena l ty  10  pe rcen t  above OK 
below t h e  des ign  r e fe rence  p o i n t ,  
t ak ing  i n t o  account t h e  gradual  
thermal degrada t ion  of t h e  geother-  
m a l  resource over  t i m e .  However, 
i f  greater v a r i a t i o n s  i n  resource 
c o n d i t i o n s  are experienced,  new 
des ign  parameters  should be set  to  
maximize product ion  e f f i c i e n c y .  On 
a s p e c i f i c  p r o j e c t ,  t h e  architect/ 
engineer  i n  charge w i l l .  es tabl ish 
actual va lues  f o r  t h e  ind iv idua l  
modules. 

S ince  no s p e c i f i c  geothermal 
r e s e r v o i r  cond i t ions  could be 
i d e n t i f i e d  f o r  t h e  p repa ra t ion  of 
t h e  g u i d e l i n e s ,  hypo the t i ca l  para- 
meters ( t u r b i n e  i n l e t  steam condi- 
t i o n s ,  s i te  environmental  c o n d i t i o n s  
and topography, geothermal resource 
b r i n e ,  noncondensable gas  c o n t e n t  
and a n a l y s i s ,  s e l e c t e d  power gener- 
a t i o n  frequency, etc.) were esta- 
b l i shed  to  permit  t h e  s i z i n g  of t h e  
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equipment. The va lues  used i n  t h e  
Design Guide l ines  i n d i c a t e  equipment 
s i z e s  t h a t  are real is t ic  f o r  t h e  
assumed condi t ions .  However, it 
should be noted t h a t  i n  s o m e  loca- 
t i o n s ,  t h e  c o n t e n t  of noxious non- 
condensable gases  i n  t h e  resource  
f l u i d ,  such as  hydrogen s u l f i d e  
(HzS), may be higher  than t h e  allow- 
a b l e  d ischarge  l i m i t .  I n  such 
cases, a s h e l l  and tube  condenser 
should be s u b s t i t u t e d  f o r  t h e  d i rec t  
c o n t a c t  type  condenser s p e c i f i e d  
i n  Sec t ion  3 of t h e  Guide l ines  
and an a d d i t i o n a l  module conta in ing  
an H2S removal system added. 

Since t h e  incept ion  of t h e  Small 
Power P l a n t  Substudy i n  1974, t h e  
concept  of small-scale geothermal 
power p l a n t s  (or wellhead genera tor  
u n i t s ,  as they have come to  be 
called) has  gained acceptance as an 
appropriate t echno log ica l  approach 
to geothermal developnent i n  many 
areas of t h e  world. Small power 
p l a n t s  are used to provide  elec- 
t r i c i t y  to i s o l a t e d  areas, as i n  
Turkey (see Figure  1II.D-2) as W e l l  
as f o r  t h e  incremental  development 
of l a r g e  geothermal f i e l d s ,  a s  
i n  E l  Salvador and t h e  Ph i l ipp ines .  
Table 1 I I . D - 1  p r e s e n t s  typical 
examples of small power p l a n t s  
p r e s e n t l y  e x i s t i n g ,  under construc-  
t i o n  and planned i n  t h e  p a r t i c i p a t i n g  
c o u n t r i e s  of t h e  p i l o t  s tudy.  
A t  least  pa r t i a l  credit €or t h i s  
increased  a p p l i c a t i o n  can be 
ass igned  t o  t h e  CCMS Substudy 
on Small Power P lan t s .  Fur ther  
demonstrat ions of t h e  u t i l i t y  of 
small power p l a n t s  w i l l  be f o r t h -  
coming as ind iv idua l  c o u n t r i e s  
proceed w i t h  t h e i r  geothermal devel-  
opment programs. 

United S t a t e s  Proposal  to IEA 

I n  support  of cont inuing  inter-  
n a t i o n a l  i n t e r e s t  i n  small geo- 
thermal power p l a n t s ,  t h e  United 
S t a t e s  has  o f f e r e d  to  make a v a i l a b l e  
to member c o u n t r i e s  of the I n t e r -  

F igure  1II.D-2 Orhan Mertoglu 
s t ands  beside t h e  t u r b i n e  he 
designed f o r  t h e  0.5 MWe 
p i l o t  geothermal power p l a n t  
a t  K iz i lde re ,  Turkey. 

(CBB 785-6272) 

n a t i o n a l  Energy Agency, f o r  on-s i te  
t e s t i n g  and eva lua t ion ,  a 1.2-MW 
h e l i c a l  screw expander u n i t ,  now 
being tested i n  southwest Utah 
i n  t h e  United S t a t e s .  The h e l i c a l  
screw expander u n i t  is designed 
to  permit t h e  use  of small wellhead 
gene ra to r s  where t h e  type of  b r i n e s  
p r e s e n t l y  d iscourage  t h e  u s e  of 
convent ional  systems such as those  
reviewed by t h e  Design Guidel ines .  
The assembly of t h e  h e l i c a l  screw 
expander c o n s i s t s  of f i v e  i t e m s ,  
one major u n i t  and four  a u x i l i a r y  
systems as descr ibed  below: 

Expander Assembly 
23' x 6' x 8'2" 
1,127 ft3 
24,000 l b  

O i l  Console 
11'6'' x 4'10'' x 7'2'' 
398 f t 3  
3,000 l b  

Load Bank 
12' x 6'6" x 7'9" 
603 f t 3  
2,000 l b  
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Table 1II.D-1. Small power plants presently existing, under construction, or 
planned in participating countries. I_ 

I__ 

Geothermal Type of 
Countries Field Power Plant Capacity Output On tine 

Japan Kyushu, Otake Flash, Condensing 13.0MW 1O.OMW 1967 
Onuma Flash, Condensing 12.5MW 1O.OMW 1973 
Kyushu, Otake Binary 1.OMW 1.OMW 1977 

Philippines Leyte Flash, Non-condensing 3.0MW 3.0MW 1977 
Los BaZos Flash, Non-condensing 1.3MW 1.2MW 1977 

Portugal Sao Miguel Flash, Condensing 5.0MW 1979 

Turkey K i z i lde r e Flash, Non-condensing 0.5MW 0.5MW 1976 

El Salvador Ahuachapan Flash, Non-condensing 1.3MW 1. lMW 1975 

United States Roosevelt Helical Screw 1.2m 1.2m 1978 
Raft River Binary 5.0MW 1979 
Puna, Hawaii Flash, Condensing 3. OMW 1979 

__I---- 

Cable 
1 78" reel 
2,720 lb 

Cable Trays 
52 ft3 
200 lb 

Optional additional equipment in- 
cludes a remote control console and 
an instrumentation console which 
would add an additional 40 ft3 and 
100 lb. Estimated transportation 
costs from the West Coast of the 
United States to Europe are approxi- 
mately $12,000. 

CONCLUSION/FINDINCS 

1. CCMS Report No. 49, "Modular 
5-MW Geothermal Power Plant 
Design Considerations and Guide- 
lines," is a useful background 

document that describes the 
technical requirements €or the 
design and installation of a 
general purpose small power 
plant based on conventional 
technology. Preparation of the 
Guidelines has been a relatively 
inexpensive method of br ing ing 
together the broad concepts 
and international experience 
involved and sharing it with 
countries that did not have any 
prior experience in geothermal 
power product ion. 

2. Since the inception of the CCMS 
study in 1974, small geothermal 
power plants have gained 
acceptance as an appropriate 
technology approach to production 
of electric power from geothermal 
energy in many isolated areas of 
the world. Small power plants 
have also facilitated the early 
economic production of large 
geothermal fields by providing 
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3. 

an  oppor tun i ty  f o r  developers  to 
o b t a i n  an e a r l y  r e t u r n  on t h e i r  
investment as w e l l  as important 
r e s e r v o i r  da t a .  

While p r e s e n t l y  a v a i l a b l e  con- 
ve r s ion  technology can d e a l  wi th  
geothermal b r i n e s  of average 
s a l i n i t y  and chemical con ten t ,  
t h e  economical a p p l i c a t i o n  of t h e  
small power p l a n t  approach to 
more d i f f i c u l t  b r i n e s  w i l l  
r e q u i r e  t h e  development of 
advanced engineer ing  concepts .  

product ion wi th  d i r e c t  a p p l i -  
cat ions .  

3. With g e n e r a l  acceptance of con- 
v e n t i o n a l  small power p l a n t s ,  
f u t u r e  i n t e r n a t i o n a l  coopera t ion  
i n  t h i s  area should be directed 
a t  advanced engineer ing  concepts .  
Such an e f f o r t  can inc rease  t h e  
v e r s a t i l i t y  of  small power p l a n t s  
with r e s p e c t  to a v a i l a b l e  geo- 
thermal  resources  as  w e l l  as 
improve t h e  o v e r a l l  economics of 
small-scale geothermal  power 
product ion.  
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drs E. HOT' DRY ROCK CQNCEBBS SUBSTUDY 

INTRODUCTION 

The term H o t  Dry Rock (HDR) r e f e r s  
to a geo log ica l  formation below t h e  
e a r t h ' s  s u r f a c e  t h a t  has  an abnor- 
mal ly  high h e a t  c o n t e n t  bu t  does 
not  con ta in  s u f f i c i e n t  water or is 
no t  s u f f i c i e n t l y  permeable to allow 
withdrawal of t h e  h e a t  i n  commercially 
u s e f u l  q u a n t i t i e s .  There are t w o  
major k inds  of HDR h e a t  sources: 
igneous-related HDR which results 
from heat t r a n s f e r r e d  to surrounding 
r o c k  from bodies  of magma and HDR 
i n  t he  ear th 's  c r u s t  which is heat 
t r a n s f e r r e d  p r i n c i p a l l y  by r eg iona l  
conduction from t h e  e a r t h ' s  i n t e r i o r .  

One of t h e  major problems impeding 
t h e  u t i l i z a t i o n  of t h e  world's ho t  
d r y  rock resources  is the  s t a t e  of  
resource  exp lo ra t ion  and assessment.  
That  is, how does one f i n d  t h e  
resource and determine t h e  amount of 
economically recoverable  h e a t  from 
it? Resource exp lo ra t ion  and assess- 
ment techniques  f o r  HDR are not  as  
advanced as those  used to f i n d  and 
assess hydrothermal resources .  
Exper t s  b e l i e v e  t h a t  t h e  world con- 
t a i n s  l a r g e  amounts of h e a t  below 
the su r face ;  t h e  U . S .  a lone  is es- 
t imated  to have over ten  m i l l i o n  
quads (1022 Btu) a t  temperatures  
g r e a t e r  t han  lSO0C a t  p o s e n t i a l l y  
economic depths.  Count r ies  .. . 

such as Swi tzer land ,  Egypt, Turkey, 
Sweden, West Germany,-.and t h e  United 
Kingdom are i n v e s t i g a t i n g  t h e  possi- 
b i l i t y  of  economic development- of  
HDR resources .  

Another major problem fac ing  HDR+ 
development is t h e  technology of 5 

resource  e x t r a c t i o n .  A key research  
and development ques t ion  f ac ing  
eng inee r s  and g e o l o g i s t s  working i n  
HDR today is whether they  can develop 
equipment and techniques  to  e x t r a c t  

>. - * 

. *  
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t h e  heat economically and i n  an 
environmental ly  accep tab le  manner. 
The h igh  temperature  and hard rocks 
encountered i n  geothermal explora-  
t i o n  and development produce a new 
working environment t h a t  cannot 
be d e a l t  wi th  adequate ly  by conven- 
t i o n a l  petroleum technology. Tech- 
n i c a l  areas of concern are  d r i l l i n g ,  
f r a c t u r i n g ,  s t i m u l a t i o n ,  mapping, 
and modeling of HDR systems. 

OBJECTIVES 

Severa l  o b j e c t i v e s  for t h e  H o t  Dry 
Rock Concepts Substudy d i r e c t l y  
inf luenced  t h e  program con ten t .  The 
f i r s t  o b j e c t i v e  was to s t i m u l a t e  
i n t e r n a t i o n a l  i n t e r e s t  i n  H o t  Dry 
Rock  by provid ing  geothermal e x p e r t s  
i n  CCMS member c o u n t r i e s  w i t h  a 
broader s c i e n t i f i c  understanding of 
t h e  concepts .  A second o b j e c t i v e  
was to  stimulate coope ra t ive  e f f o r t s .  
Such a c t i v i t y  would make e f f e c t i v e  
use of the  limited pool of e x p e r t s  
and h e l p  c u l t i v a t e  an environment 
conducive to c r i t i ca l  d i s c u s s  ions  
of  e x i s t i n g  HDR technology and 
to  the creation of new approaches 
and techniques.  The t h i r d  objec- 
t i v e ,  c l o s e l y  related to t h e  f i r s t  
two, was> to d isseminate  as much 
information as  possible on t h e  
U.S. HDR program f o r  use i n  f o r e i g n  
programs to .minimize unnecessary 
-dupl ica t ion  ,of e f f o r t ,  and to en- 
courage t h e  development of com- 
plementary programs. 

I .  

THE P R ~ G R A M  

To meet- t h e  above o b j e c t i v e s ,  a two- 
p a r t  program was i n i t i a t e d  fo r  t h e  
H o t  Dry R o c k  Concepts Substudy. The 
f i r s t  p a r t  of the  program focused 
on exchange of information and t h e  
second on v i s  i t s  by q u a l i f i e d  
s c i e n t i s t s  to LOS A l a m o s  S c i e n t i f i c  
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Laboratory (LASL) , t h e  p r e s e n t  published i n  November 1977 (Refer- 
home of t h e  U.S. HDR program. ence 2 ) .  

Exchange of Information V i s i t s  

Information was disseminated through 
t e c h n i c a l  r e p o r t s  on the  LASL H o t  
Dry Rock Project and two in t e rna -  
t i o n a l  conferences.  

The f i r s t  meeting, "Information 
Meeting on Dry H o t  Rock Geothermal 
Energy , *I was held a t  LASL on 
September 17-19, 1974. It was 
a t t ended  by e x p e r t s  from Canada, t h e  
Federal Republic of Germany, France,  
I t a l y ,  Mew Zealand, Nicaragua, 
Sweden, and Turkey, and from U.S. 
f e d e r a l  and state government depar t -  
ments and agencies ,  n a t i o n a l  and 
independent laboratories, univer- 
sities , and i n d u s t r i a l  o rgan iza t ions .  
Reports were presented  on MATO- 
C W  a c t i v i t i e s  i n  gene ra l ,  t he  
NATO-CCMS Geothermal P i l o t  Study 
and its programmatic components, 
geothermal a c t i v i t i e s  i n  t h e  va r ious  
c o u n t r i e s  represented  a t  t h e  meeting , 
the geothermal programs of the  
U.S. AEC and t h e  Na t iona l  Sc ience  
Foundation, and the LASL and Marys- 
v i l l e  programs. The proceedings 
of t h e  meeting were publ ished i n  
December 1974 (Reference 1). 

The "Second MATO-CCMS Information 
Meeting on Dry H o t  Rock Geothermal 
Energy" was held a t  LASL on June 28- 
3 0 ,  1977. The meeting focused on 
r ecen t  developments i n  the  U.S. 
H o t  Dry Rock Program. Representa- 
t i v e s  of t h e  U.S. Geological  Survey 
and t h e  Energy Research and Develop- 
ment Adminis t ra t ion  r epor t ed  on 
t h e  r e s u l t s  of the H o t  Dry Rock 
Assessment Panel  Study. I n v e s t i -  
g a t o r s  from U S L  described al ter-  
n a t i v e  methods for heat e x t r a c t i o n  
and updated p a r t i c i p a n t s  on the 
p rogres s  of LASL geothermal energy 
and geosc iences  programs s i n c e  
the  t i m e  of the  f i r s t  information 
meeting. The proceedings of t h i s  
second information meeting were 

The second component of the CCMS H o t  
Dry Rock Substudy c o n s i s t e d  of v i s i t s  
to the  LASL project (see F igures  
1 I I .E -1  and 1II.E-2) by s c i e n t i s t s  
and engineers  from o u t s i d e  t h e  
United States.  Extended v i s i t s  
were made to LASL by fou r t een  
i n d i v i d u a l s  from s i x  coun t r i e s :  

Federal Republic of Germany: 
Georg D e l i s l e ,  Peter L. E r n s t ,  
Klaus John, Reinhard Jung, Harro 
Lorenzen, Gerhard Suhr,  Jurgen 
Wohlenberg, and Rainer Wunder 

Finland:  L i i s a  Kivekas 

France: Jean Paul  Sarda  

I t a l y :  Antonia Palama and 
Paolo D e l  Gaudio 

Japan: Eizo Yamada 

United Kingdom: Anthony S. Batchelor 

Except for t h e  v i s i t o r s  from Finland 
and Japan,  each of whom spen t  on ly  
about  t w o  w e e k s  a t  LASL, a l l  of 
the above spen t  t w o  months or more 
working as  s ta f f  members i n  one 
of t h e  LASL geothermal energy groups,  
became d i r e c t l y  involved i n  its 
programs and problems, and c o n t r i b u t e d  
to its progress .  A l l  have reported 
i n  de ta i l  i n  the i r  own c o u n t r i e s  
on t h e  LaSL project, and nea r ly  
a l l  have cont inued to exchange 
information w i t h  LASL staff members 
i n  t h e  areas of their  own s p e c i a l  
i n t e r e s t s  and e x p e r t i s e ,  thereby  
f u l f i l l i n g  the o b j e c t i v e s  of the  
substudy. Two reports w r i t t e n  
by v i s i t i n g  s c i e n t i s t s  are: 

G. Delisle, "Determination of 
Permeabi l i ty  of G r a n i t i c  R o c k s  i n  
GT-2 from Hydraul ic  F rac tu r ing  
Data, " Los Alamos S c i e n t i f i c  

6 
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Figure  1I I .E-1 .  The Fenton H i l l  h o t  d r y  rock e x t r a c t i o n  loop i n  
New Mexico. (XBB 785-6275] 

Laboratory,  Albuquerque, New 
Mexico, Report LA-6169-MS (December 
1975).  

J. P. Sarda, and Y. C. HSU, "Angle 
of C r a c k  Propagation f o r  a Vertical 
Hydraulic F rac tu re , "  Los  Alamos 
Scientific Laboratory, Albuquerque, 
N e w  Mexico, Report LA-6175-MS 
(December 1975).  

For t h e  s h o r t e r  v i s i t s ,  s c i e n t i s t s  
came from t h e  following c o u n t r i e s  
under t h e  CCMS program: 

A u s t r a l i a  
A u s t r i a  

Japan 
Mexico 

Canada New Zealand 
Denmark Nicaragua 

Figure  1 I I . E - 2 .  Steam produced Fede ra l  Republic Norway 
of Germany Sweden a t  t h e  Fenton H i l l  exper- 

imental- s i t e .  (XBB 785-6276) France Swi tzer land  
I ce l and  
Indonesia 
I t a l y  

Turkey 
United Kingdom 
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Growth of Interest I n  HDR 

I n  1973, bes ides  t h e  work  a t  LASL, 
t h e  only  o the r  e f f o r t  i n  HDR was some 
mathematical  modeling done i n  t h e  
Federa l  Republic of Germany. Today, 
i n t e r e s t  has  grown cons iderably ,  as  
shown by t h e  fol lowing a c t i v i t i e s  
l i s t e d  below i n  Table  1 I I . E - 1 ,  re- 
po r t ed  i n  t h e  proceedings of t h e  
"Second NATO-CCMS Information Meeting 
on Dry H o t  Rock Geothermal Energy." 

Accompl ishmen ts 

The H o t  Dry Rock Concepts Substudy 
has  c o n t r i b u t e d  to t h e  development 
and understanding of t h i s  p o t e n t i a l  
source  of energy i n  s e v e r a l  ways. I t  
has  con t r ibu ted  to t h e  body of 
knowledge i n  t h e  geosc iences  for 
i d e n t i f y i n g ,  eva lua t ing ,  developing 
and e x p l o i t i n g  h o t  dry  rock 
geothermal r e s e r v o i r s .  Worldwide 
i n v e s t i g a t i o n s  have been i n i t i a t e d  i n  
s p e c i f i c  l o c a t i o n s  t h a t  appear 
promising f o r  resource  e x p l o i t a t i o n  
when t h e  technology f o r  doing so 
has matured. F i n a l l y ,  encouraging 
p rogres s  has  been made i n  t h e  devel-  

opment of equipment and methods 
needed to e x t r a c t  t h e  h e a t  from 
t h e  ho t  d ry  rock i n  t h e  e a r t h ' s  
c rus t  . 
A s  a r e s u l t  of t h e  subs tudy ' s  e f f o r t s  
to make energy p l anne r s  more aware of  
t h e  p o t e n t i a l  of H o t  Dry Rock 
resources ,  HDR and r e l a t e d  programs 
have been e s t a b l i s h e d  i n  t h e  Fede ra l  
Republic of Germany, France,  Egypt, 
I t a l y ,  Sweden, Turkey, and t h e  United 
Kingdom. This  CCMS program has also 
helped to l a y  t h e  groundwork f o r  a 
s tudy on "Man-Made Geothermal Energy 
Systems" under t h e  I n t e r n a t i o n a l  
Energy Agency. The Federa l  Republ ic  
of Germany, Sweden, Swi tzer land ,  t h e  
United Kingdom, and t h e  United S t a t e s  
are a l l  s i g n a t o r i e s  to t h i s  f i f t e e n -  
month, $600,000 study which started 
i n  1977. 

CONCLUSION 

The Substudy on H o t  Dry Rock Concepts 
has s t i m u l a t e d  i n t e r n a t i o n a l  aware- 
ness  of t h e  p o t e n t i a l  of h o t  d ry  
r o c k  resources ,  i n  p a r t  through 
exposure to  the  program a t  Los 

X 

X 

Table 11I.E-1. H o t  d ry  rock s t u d i e s  undertaken by va r ious  c o u n t r i e s .  

Modeling 
Laboratory S tud ie s  of Economic 
S tud ie s  of F l u i d  Flow F i e l d  and 

F i e l d  Permeabi l i ty  and Heat Experi- F e a s i b i l i t y  
S t u d i e s  Enhancement Transfer  ments S tud ie s  

Esmt X 

Fede ra l  Republic 
of Germany X X 

France 
Ice land  
I t a l y  X X 

Sweden X 

Swi tzer land  X 
Turkey X 
United Kingdom X X 

United States X X X X X 

- 

X 
X 

X 
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A l a m o s  S c i e n t i f i c  Laboratory.  tests similar to those occur r ing  
Th i s  awareness has  encouraged f u r t h e r  a t  Fenton H i l l ,  New Mexico, 
coopera t ive  e f f o r t s  among s e v e r a l  could  be t r i e d  i n  the  Urach 
n a t i o n s  to determine t h e  na tu re  area of  West Germany, where 
and e x t e n t  of t h e i r  resources  s u i t -  d r i l l i n g  a c t i v i t i e s  have been 
a b l e  for h o t  d r y  rock systems. i n i t i a t e d .  

6d 

RECOMMENDATIONS 

1. The d ia logue  i n i t i a t e d  among t h e  
many c o u n t r i e s  who have partic- 
i p a t e d  i n  or observed t h e  H o t  
Dry Rock Substudy, as well as 
t h e  informal  v i s i t s  to each 
o t h e r ' s  f a c i l i t i e s ,  should 
con t inue  to  suppor t  f u r t h e r  
ref inement  of t h i s  promising 
source  of energy. Various 
mechanisms are a v a i l a b l e ,  such 
as i n t e r n a t i o n a l  conferences ,  
n a t i o n a l  conferences  open to 
f o r e i g n  a t t e n d e e s ,  i n t e r n a t i o n a l  
workshops on s p e c i f i c  topics , 
and laboratory- to- labora t o r y  
v i s i t s .  

3 .  The p o s s i b i l i t y  of closer t ies  
be tween those  d r  i l l i n g  deep 
exp lo ra to ry  w e l l s  f o r  hydro- 
thermal systems and those 
developing h o t  d ry  rock tech- 
nology should be i nves t iga t ed .  
This  m u l t i p l e  u s e  approach 
could save  time and e f f o r t  and 
lead to a better understand- 
ing  of t h e  geology of t h e  
area. 
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PARTICIPATION IN PILW STUDY PLANNING MEETINGS 

Nationalities of Experts Meeting Implementation Meeting 
Participants Oct. 73 N.Z. 1974 -I_ - 

Canada 4 1 

Federal Republic of 
Germany 1 1 

. 1  1 France 

Greece 1 

Iceland 

Indonesia 

Italy 

Japan 

Mexico 

New Zealand 

Philippines 

Portugal 

Turkey 

United States 

1 

1 

1 

16 

35 
- 

4 

2 

2 

29 

1 1 

13 

55  
- 

n 
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Participants 

October 1973 Expert Planning Meeting 

Nationalities of 
Participants Name Organization 

Canada 

Feder a1 
Republic of 
Germany 

France 

Greece 

Ice land 

Italy 

Japan 

Mexico 

Alan Jessop Geothermal Research Center 
Department of Energy, Mines and 
Resources 

Donald Quinsey Intergovernmental Group 
Department of Energy, Mines and 
Resources 

Authority 

Re sources 

S. A. Gitterman Central Mortgage and Housing 

J. G. Souther Department of Energy, Mines and 

Oskar Kappelmeyer Federal Institute €or Soil Research 

Paul Sangnier 

P. E. Gounaris 

Karl Ragnars 

Pietro Ceron 

Ezio Tongiorgi 

Kenzo Baba 

Jorge Guiza 

Bernard0 Dominguez 

New Zealand W. D. Stilwell 
A. J. Ellis 

Robert Kingston 

Ken Seal 

Portugal Alfredo Simoes Mendes 

De'le'gation Ge'ne'rale ?i la Recherche 
Scientifique et Technique 

Public Power Corporation 

Department of Natural Heat 
National Energy Authority 

Ente Nazionale dell'Energia 

International Institute for 
Elettrica, Geothermal Center 

Geothermal Research 

Geological. Survey of Japan 

Department of Geothermic 
Resources, Comisirh Federal 
de Electricidad 

Mexicali Office, Comisi6n 
Federal de Electricidad 

Ministry of Works Development 
Department of Scientific and 

Kingston, Reynolds, Thom and 

Geothermal N. 2. Ltd., National 

Industrial Research 

Allar d ice 

Development Council 

National Meteorological Service 
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October 1973 Expert Planning Meeting 

Nationalities of 
Participants Name Organization 

Turkey Sadrettin Alpan 

United States Rudolph Black 

Slator Blakiston 
Justin Bloom 
James B. Combs 

Gordon Eaton 
Robert Fourn ier 

Stephen Gage 
F. S. M. Hodsoll 
Glenn Kendall 
William Klostermeyer 

L. J. Patrick Muffler 
Andre Simonpietri 
Raymond L. Zahradnik 
John H. Howard 
James C. Bresee 
Jack Vanderryn 

Europe an 
Commun it i es 
Comm i s s ion 

United Nations 

Leon Valete 

Joseph Barnea 

Mineral Research and Study 

Ministry of Energy and Natural 
Institute 

Re sources 

Advanced Research Projects Agency, 

Department of State 
Department of State 
University of California at 

Department of Interior 
U. S.  Geological Survey (USGS) , 

Council on Environmental Quality 
Executive Office of the President 
Environmental Protection Agency 
Bureau of Reclamation/Department 

USGS 
American Embassy, Mexico 
National Science Foundation 
Lawrence Livermore Laboratory 
Atomic Energy Commission 
Atomic Energy Commission 

Department of Defense 

Riverside 

Menlo Park 

of Interior 

Directorate General for Research, 
Science and Education 

U. N. Development Program 

A 
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P a r t i c i p a n t s  

F i r s t  Geothermal Implementation Conference,  New Zealand 
April  29-May 3 ,  1974* 

Nat iona l i t i es  o f  
P a r t i c i p a n t s  

-I_ 

Organiza t ion  
I --- Name 

--I__ 

Canada 

Feder a1 
Republic o f  
Germany 

France 

Indones ia  

I t a l y  

Mexico 

New Zealand 

A. M. Jessop 

G. D e  L i s l e  

P. Sangnier 

H. D ja j ad i  
A. T r i s u l o  

Ismet A k i l  
E. Wishnu 

E. Tongiorgi  

E. S t e f a n e l l i  

J. Guiza 
B. Dominguez 

Hon. C. J. Moyle 
A. J. E l l i s  

J. P. M. Bai ley  
W. R. B ra i thwa i t e  
R. B. Glover 
C. R. James . 
W. A. J. Mahon 
T. Marshall 
R. Axtmann . _  

I. G. Donaldson 

G. R. Katzer 

G. F. R i s k  
J .  R.  Hu l s ton  
J. Healy 

- 1  

Department o f  Energy, Mines and 
Resources 

Fede ra l  I n s t i t u t e  f o r  S o i l  Research 

D616gation Ggn6rale 21 l a  Recherche 
S c i e n t i f i q u e  e t  Technique 

Geological Survey of  Indones ia  
Director o f  Explora t ion  and 

Geothermal Div is ion ,  Pertamina 
Geological Survey of Indones ia  

Product ion,  Pertamina 

I n t e r n a t i o n a l  I n s t i t u t e  for 

Computation C e n t e r ,  P i s a  Un ive r s i ty  
Geothermal Research 

ComisiGn Federa l  de E l e c t r i c i d a d  
Comis i6n  Federa l  de  E l e c t r i c i d a d  

M i n i s t e r  of Sc ience  
Department of S c i e n t i f i c  and 

I n d u s t r i a l  Research ( D S I R )  
DSIR, Chemistry Div is ion  
DSIR, Chemistry Div is ion  
DSIR, Chemistry Div i s ion  
DSIR, Chemistry Div i s ion  
DSIRS Chemistry Div i s ion  
DS I R ,  Chemistry ‘Divis ion 
DSIR, Phys ics  and Engineer ing 

Laboratory/Princeton U. 
DSIR,  Physics  and Engineer ing 

Laboratory 
DSIR, Physics  and Engineer ing 

Labor ator y 
DSIR, Geophysics Div is ion  
DSIR, I n s t .  of Nuclear Sc iences  
DSIR, Geologica l  Survey 

* The Computer-Based Information Systems Substudy was i n i t i a t e d  a t  t h i s  
conference.  
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F i r s t  Geothermal Implementation Conference,  New Zealand 
April 29-May 3,  1974 

Nationalities Of 
P a r t i c i p a n t s  

New Zealand 

Name Organiza t ion  

Development Div i s ion  
D. C. Marshall DSIR, Auckland I n d u s t r i a l  

R. A. Wooding 
F. E. S t u d t  DSIR, Head O f f i c e  
J. T. Lumb DSIR, Head Of f i ce  
P. D. Monin DSIR,  Head O f f i c e  
K. Lowe DSIR, Head o f f i c e  
E. L. D. Fooks Min i s t ry  of Works and 

G. W. Hitchcock MWD 
J . V. Robinson MWD 
W. D. S t i l w e l l  MWD 
D. M. Wigley MWD 
A. Geelen New Zealand E l e c t r i c i t y  

J. Gi rad in  New Zealand E l e c t r i c i t y  

M. J. Suggate New Zealand E l e c t r i c i t y  

A. H. Cook New Zealand Min i s t ry  of 

DSIR, Applied Mathematics Div is ion  

Development (MWD) 

Department 

Department 

Department 

Foreign A f f a i r s  

Turkey Ethem Tan Mineral Research and Exploration 
I n s t i t u t e  

P h i l i p p i n e s  A. Alcaraz National Power Corporation 

United S t a t e s  J. C. Bresee 
L. 0. Beaulaurier 

A. L. C l a r k  
R. 0. Fournier  
J. H. Howard 
W. C. Klostermeyer 
R. H. Long 
F. C. Miller 
W. E. Ogle 
J. T. S c h o l l a e r t  
P. A. Witherspoon 
T. Wadja 

. J. Ca lk ins  

A t o m i c  Energy Commission (AEC) 
Bechte l  Corporation 
U.S. Geologica l  Survey (USGS) 
USGS 
USGS 
Lawrence Livermore Laboratory 
U.S. Bureau of Reclamation 
National Sc ience  Foundation 
S tan fo rd  Uni ver sit y 
AEC ( c o n s u l t a n t )  
S t a t e  Department 
Lawrence Berkeley Laboratory 
U.S. Embassy, N e w  Zealand 

n 
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PARTICIPATION I N  DIRECT APPLICATION OF GECrrHERMAL ENERGY SUBSTUDY 

National i t ies  of Par is Howard Report P a r i s  Washington 
P a r t i c i p a n t s  6/75 10/75 6/7 6 6/77 

Canada 

Federa l  Republic 
of Germany 

France 

Greece 

Hungary 

Iceland 

Indonesia  

I r e l a n d  

I t a l y  

Mexico 

Nether lands 

N e w  Zealand 

Nicaragua 

P h i l i p p i n e s  

Por tuga l  

Spain 

Switzer land 

Turkey 

United Kingdom 

U n i t e d  States  % _  I _  

I 

4 

1 

2 

2 

3 

1 

2 

1 

1 

- P  

2 

1 

4 

-. 
14 

15 

29 
- 

1 

1 

19 

1 

2 

1 

2 

2 

1 

1 

1 

1 

2 

6 

40 
- 

1. 

1 

26 

36  
.- . 
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P a r t i c i p a n t s  

P r i n c i p a l  Contributors to  NATO-CCMS Report #40 
( Non-Elec t r i c  S t a t  u s  Report ) 

Nationali t ies of 
P a r t i c i p a n t s  N a m e  Organ iza t ion  

Department of Energy, Mines and 
Research 

Canada A l a n  J e s s o p  

Feder a1 
Republic of 
Germany Geological  Survey 

Dglggation GGngraLe 2 l a  Recherche 
S c i e n t i f i q u e  e t  Technique 

Oskar  Kappelmayer 

Pau l  Sangnier France 

N a t i o n a l  Energy Au thor i ty  
National Energy Au thor i ty  

I c e l a n d  Karl Ragnars 
Sverr  i r  Thorhal lson 

I n t e r n a t i o n a l  I n s t i t u t e  f o r  

IIGR 
I IGR 

Geothermal Research 
Enr ico Bar b i e r  I ta ly  

Mario F a n e l l i  
E z i o  Tongiorgi 

Comisi6n Fede ra l  de  E l e c t r i c i d a d  Mexico 

New Zealand 

J o r g e  Guiza 

W. B a s i l  S t i l w e l l  
Frank S t u d t  

M i n i s t r y  of Works 
Department of S c i e n t i f i c  and 

I n d u s t r i a l  Research 

National Power Corporation P h i l i p p i n e s  

Turkey 

A. Alcaraz 

Miner a1 Research and Exp lo ra t ion  

Mineral  Research and Exp lo ra t ion  
I n s t i t u t e  

I n s  t it U t e  

S a d r e t t i n  Alpan 

Ethem Tan 

Chris topher  Barton 
Gunnar Bodvarsson 
L. Boersrna 
G. E. Brandvold 
James C. Bresee 

Yale U n i v e r s i t y  
Oregon S t a t e  U n i v e r s i t y  
Oregon S t a t e  U n i v e r s i t y  
S an d i  a Labor a tor i es 
U. S. Energy Research and 

Development A d m i n i s t r a t i o n  (ERDA) 
Lawrence Livermore Laboratory (LLL) 
LLL 
LLL 
Idaho National Engineer ing 

Sandia  Laboratories 
ERDA 
Oregon S t a t e  U n i v e r s i t y  
U n i v e r s i t y  of North Carolina, 

LLL 
ERDA 

Laboratory 

Chapel H i l l  

United S t a t e s  

J. J. Cohen 
N.  B. Crow 
J. H. Howard 
J a y  F. Kunze 

B. C. Marsha l l  
W i l l i a m  E. Ogle 
Gordon M. R e i s t a d  
K. B. Tonnesson 

D. F. Tawse 
L o u i s  B. Werner 
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Direct App l i ca t ions  of Geothermal Energy Substudy 

P a r t i c i p a n t s  

P a r i s  Non-Electrical P r o j e c t  Meeting, J u n e  25,  1975 

Nationali t ies of 
P a r t i c i p a n t s  N a m e  Organ iza t ion  _. 

Feder a1 
Republ ic  of 
Germany 

France 

Hungary 

I t a l y  

Spain 

United Kingdom 

O s k a r  Kappelmeyer 

Paul  Sangnier 

J e a n  Goguel 

B r i g i t t e  L e p e l t i e r  
A la in  Gr inga r t en  

F. P i c k l e r  

Mario F a n e l l i  

Enr ico Bar b i  er 

Fernando Pendas 
Fernandez 

John D. Garnish 

Geological  Survey of Germany 

D6Sggation G’endrale h l a  
Recherche S c i e n t i f i q u e  
e t  Technique (DGRST). 

Bureau de  Recherches G6ologiques 
e t  Mini&res (BRm) 

DGRST 
B R m  

S t a t e  O f f i c e  of Techn ica l  
Development 

In t e rna t iona l  I n s t i t u t e  f o r  

I IRG 
Geothermal Research ( I I G R )  

E. N.  Adaro 

Energy Technology Support Un i t ,  
U. K. Department of Energy 

United S t a t e s  J a y  F. Kunze Idaho Nat ional  Engineer ing 
Labor a t o s y  

J. H. Howard Lawrence Livermore Laboratory 
C. H. Bloomster Battelle. P a c i f i c  Northwest 

M. Caogan American Embassy, P a r i s  
Laboratory 

NATO Cameron Sanders CCMS O f f  ice 



60 

Participants 

Paris Meeting, June 9-10, 1976 

Nationalities of 
Participants Name Organization 

Canada M. A. Jessop Department of Energy, Mines and 
Research 

Feder a1 
Republic of 
Germany 0. Kappelmeyer Geological Survey 

France P. Sangnier 

R. Aureille 
P. Boschetti 

J. Chabal 
S. Fabrega 
J. Gogue1 

A. C. Gringarten 
B. Housse 
M. Jaud 
J. Lavigne 
B. Lepeltier 
P. Lessieur 
M. Maget 
G. de Marsily 
C. Nowakowski 
J. Olivet 
E. Rihard 
J. Varet 
M. Villaume 

DglGgation G&n&rale 'a la Recherche 

Electricit6 de France (EDF) 
Ministsre de 1'Industrie 
Direction des Mines 
CFP 
Centre d'Etudes Nuclgaires 
Bureau de Recherches GGologiques 

BRGM 
ELF-Aquitaine 
EDF 
BRGM 
DGRST 
CFP 
BRGM 
Ecole des Mines de Paris 
OET-INFRATEL 
PARI CA 
DGRST 
Universit; de Par is-Sud 
OET-INFRATEL 

Scientif ique et Technique (DGRST) 

et Minisres (BRGM) 

Greece P. E. Gounaris Public Power Corporation 

Iceland Thoroddup Sigurdsson 
G. Palmason National Energy Authority 

C. Aldwell Geological Survey Ireland 

Italy C. Corvi 
C. Sbarra 

Ministry of Research 
Ente Nazionale dell'Energia 
Elettr ica 

Nether lands R. Van Der Wart Reactor Centrum Nederland 
M. Smeulders Ministry of Economic Affairs 

Portugal L. Mendes-Victor Geophysical Institute, R. Escola 
Politechnica 
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Paris Meeting, June 9-10, 1976 

Nationalities of 
Participants - Name Organization 

Spain 

Switzerland 

United Kingdom 

United States 

EURAFREP 

European 
C m u n  i ti es 
Commi ssion 

J. M. Fuster 

F. Jaffe 

W. Bullerwell 
J. D. Garnish 

D. H. Bloamster 
J. M. Coogan 
S. Larsen. 
E. Maust 
J. F. Kunze 

E. H. Willis 

J. P. Munier-Jolain 

E. Staroste 
H. Marchandise 

CSTC, Universidad Complutense 

Department of Mineralogy 

Institute of Geological Sciences 
Energy Technology Support Unit, 
UK Department of Energy 

Battelle Pacific NW Laboratory 
American Embassy, Paris 
Department of Interior 
Bureau of Mines 
Idaho National Engineering 
Labor ator y 

Energy Research and Development 
Administration 

. .  . . .. 
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Par t i c  i pan t s 

Conference on Economics of  Direct Uses of Geothermal Energy 
Washington, D.C., June 21-22, 1977 

DELEGATES 

N a t i o n a l i t i e s  of 
P a r t i c i p a n t s  N a m e  Organiza t ion  

Canada 

Feder a1 
Republ ic  of 
Germany 

France 

I ce l and  

Indones ia  

I ta l  y 

New Zealand 

Nicaragua 

Turkey 

United Kingdom 

United States 

Alan Je s sop  

O s k a r  Kappelmeyer 

Paul  Sangnier 

Roger Aure i l l e  

Karl Ragnars 

W. Subroto Modjo 

John Boshier 

Roberto Vega 

S a d r e t t i n  Alpan 

J. Garnish 

C l e m  Bloomster 
James Bresee 

Marilyn Eggers 
S. F. Fogleman 
Robert Forbes 
Tex Harris 
C. D. Hornburg 
W. E. Johnson 
John Karkheck 
J. F. Kunze 

Tod Larson 

W .  W. S. Yen 

Department of Energy, Mines and 
Resources 

Geological  Survey 

D616gation GQn6rale a l a  Recherche 

Electricit; de  France 
S c i e n t i f  i q u e  e t  Technique (DGRST) 

Nat iona l  Energy Author i ty  

Min i s t ry  of Mining 

N e w  Zealand Electric Department 

Nat iona l  Light  and Power Company 

Mineral  Research and Explora t ion  
Ins  ti t u t e  

Energy Technology Support  Uni t ,  
U. K.  Department of Energy 

Bat te l le  P a c i f i c  NW Laboratories 
U. S . Energy Research and 

ERDA 
I n t e r n a t i o n a l  Engineers ,  Inc .  
Un ive r s i ty  of A l a s k a  
Environmental P r o t e c t i o n  Agency 
DSS Engineers , Inc.  
WESTEC Se rv ices ,  Inc .  
Brookhaven Nat iona l  Laboratory 
Idaho Na t iona l  Engineering 

Un ive r s i ty  of C a l i f o r n i a ,  

Lawrence Berkeley Laboratory 

Development Adminis t ra t ion  (ERDA) 

Laboratory 

Rive r s i de A 
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PARTICIPATION IN RESERVOIR ASSESSMENT SUBSTUDY 

Geothermal Fluid  Injection 

N a t i o n a l i t i e s  of Wairakei Japanese El Centro Taupo 
Part ic ipants  1st Meeting Meeting 12/74 2nd Meeting 3rd Meeting 

El Salvador 

France 

I t a l y  

Japan 

Mexico 

New Zealand 

Phi l ippines  

Turkey 

United S t a t e s  

17 

3 
- 
20 

1 

1 

1 

1 

1 

14 

2 

6 

20 
- 

4 

1 

7 
- 
14 

17 

2 

1 

7 
I 

32 
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Participants - 
First Workshop on Geothermal Fluid Injection, Wairakei, New Z-aland 

November 18-27, 1974 

Nationalities of 
Name Organization - - Participants v-111 

New Zealand P. F. Bixley 
R. S. Bolton 
P. R. L .  Browne 

N. D. Dench 
I. G. Donaldson 
E. L .  D. Fmks 
R. B. Glover 
G. S. Harris 
G. W. Grindley 
G. W. Hitchcock 
J. T. Lumb 
A. McNabb 
P. M. Otway 
H. P. Rothbaum 
W. B. Stilwell 
F. E. Studt 
D. M. Wigley 

Ministry of Works and Development (MWD) 
MWD 
Department of Scientific and 

Industrial Research (DSIR) 
MWD 
DSIR 
DSIR 
MWD 
N. Z. Energy R&D Committee 
DS IR 
DSIR 
DS IR 
D S I R  
DS IR 
DSIR 
MWD 
DS IR 
MWD 

United States T. E. Backstrom U.S. Bureau of Reclamation (USBR) 
W. A. Fernelius USBR 
M. K. Fulcher USBR 
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Reservoir Assessment Substudy 

P a r t i c i p a n t s  

Japanese Geothermal I n j e c t i o n  Meetings, December 2-6, 1974 

N a t i o n a l i t i e s  of 
P a r t i c i p a n t s  N a m e  Organiza t ion  - 
Japan 

United States  

KO Takeda 

Kozo Esaki  

S. Sakakura 

Hideo Iga 

M. Yora 
Tadasuki Nakashima 
Katsundo Kubota 
Yasuhiko E j i m a  * 

Hideo Y s a u t a k i  
Kenj i ro  Yanagese 
Tsuneo Uemur a 
J u n j i  Suyama 
Kiyoshi i.Sumi 
Kenzo Baba 

D r .  W i l l i a m  Ogle 
W i l l i a m  W. Henoch 
Myron B. Kra tzer  
Douglas B. McNeal 
Spenser Richardson 
Masaaki Hashimoto 

M i n i s t r y  of I n t e r n a t i o n a l  Trade 

Min i s t ry  of I n t e r n a t i o n a l  Trade 

Min i s t ry  of I n t e r n a t i o n a l  Trade 

Japanese Geothermal Energy 

Mi t sub i sh i  Metal Corpora t ion  
Kyushu Electric Power Company, Inc.  
Kyushu Electric Power Company, Inc .  
Kyushu Electric Power Company, Inc .  
Kyushu Electric Power Company, Inc .  
Kyushu Electric Power Company, Inc.  
Kyushu Electric Power Company, Inc .  
Geological Survey of Japan 
Geological Survey of Japan 
Geological Survey of Japan 

and I n d u s t r y  

and Indus t ry  

and I n d u s t r y  

Assoc ia t ion  

A t o m i c  Energy Commission (AEC) 
AEC S c i e n t i f i c  Represen ta t ive  
U .  S. Embassy, Tokyo 
U. S. Embassy, Tokyo 
U. S. Embassy, Fukuoka 
U. S. Embassy, Fukuoka 
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Part-icipants 

Second Geothermal Workshop on the Injection of Geothermal Brines, 
E l  Centro, May 15-17, 1975 

Nationalities of 
Participants Name Organization 

E l  Salvador Gustavo Cuellar 

France Alain Gringarten 

New Zealand R. S. Bolton 

W. J. P. McDonald 
W. B. Stilwell 
F. E. S t a t  . 

Philippines 

United States 

Arturo Alcaraz 

Ed Backstrom 
Jerry Dodd  
W. A. Fernelius 

M. K. Fulcher 

R.  T. Littleton 

K. E. Mathias 

George Talbott 

CEL Laboratorio Geot6rmico 

Bureau de Recher ches 
G6ologiques e t  Minigres 

Ministry of Works and Development 

MWD 
Department of Scientific and 

Industrial Research (DSIR) 

National Power Corporation 

Bureau of Reclamation, Denver 
Bureau of Reclamation, Denver 
Bureau of Reclamation, Boulder 

Bureau of Reclamation, Boulder 

Bureau of Reclamation, Boulder 

Bureau of Reclamation, Boulder 

Bureau of Reclamation, Denver 

C i t y ,  Nevada 

Ci ty ,  Nevada 

Ci ty ,  Nevada 

C i t y ,  Nevada 

n 
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Par t i c i pan t s 

Third Injection Workshop, Taupo, New Zealand 
September 4-5, 1976 

Nationalities of 
Or anization Participants -----------.._g Name ------ 

El Salvador 

France 

Italy 

Mexico 

New Zealand 

Ph i 1 i pp i ne s 

Turkey 

United States 

G. Cuellar 

A. C. Gringarten 

G. Manetti 

Jesus Rivera 

Enr ique Tolivia 

P. F. Bixley 

R. S. Bolton 
P. R. L. Browne 

E. L. D. Fooks 
R. B. Glover 

J. Healy 
G. W. Hitchcock 
Ian Innes 
Russell James 
W. A. J. Mahon 
P. MacDonald 
A. McNabb 
Ian Nairn 
Peter Otway 
R. E. Seal 
W. B. Stilwell 
F. E. Studt 

Arturo Alcaraz 
Chester F. Budd 

Mehmet Saltuklaroglu 

M. K. Fulcher 
M. S. Gulati 
S. Larsen 
K. E. Mathias 
H. J. Ramey 
R. N. Upadhyay 
P. A. Witherspoon 

CEL Laboratorio Geot6rmico 

Bureau de Recherches G&ologiques 
et MiniGres 

Ente Nazionale dell'Energia 
Elettr ica 

Comisi6n Federal de Electricidad 

CFE 
(CFW 

Ministry of Works and Development 

MWD 
New Zealand Geological Survey 

MWD 
Department of Scientific and 
Industrial Research (DSIR) 

NZGS 
MWD 
MWD 
DSIR 
DSIR 
Geophysics Division 
Applied Mathematics Division 
NZGS 
NZGS 
Cer a m m  
MWD 
DS IR 

(MwD) 

(NZGS) 

National Power Corporation 
Union Oil/Phil. Geothermal, Inc. 

U. S. Bureau of Reclamation (USBR) 
Union Oil 
USBR 
USBR 
Stanford University 
Union Oil 
Lawrence Berkeley Laboratory 
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SMALL POWER PLAmS SUBSTUDY 

Nationalities of Berkeley Meeting Azores Meeting 
Participants June 1975 September 1975 

El Salvador 1 

Federal Republic 
of Germany 

France 

Haiti 

Iceland 

Italy 

Japan 

Kenya 

Mexico 

New Zealand 

Nicaragua 

Philippines 

Por t uga 1 

United Kingdom 

United States 

Yugoslavia 

1 

1 

2 

3 

2 

4 

1 

2 

3 

2 

1 

3 

2 

19 

- 
47 

3 

1 

1 

2+ 

1 

13 

1 

22+ 
I 
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Small Power P l a n t s  Substudy 

Par ti c i p a n t s  

Attendees,  Small Pwer P l a n t s  Conference, Berkeley, C a l i f o r n i a  
June 2, 1975 

N a t i o n a l i t i e s  of 
P a r t i c i p a n t s  N a m e  Organiza t ion  

E l  Salvador 

Feder a1 Republic 
Germany 

France 

Hai t i  

Ice land  

I t a l y  

Japan 

Kenya 

Mexico 

N e w  Zealand 

Nicaragua 

P h i l i p p i n e s  

Por t uga 1 

6Id 

Gustavo Cuellar 

E c k a r t  Langeluddecke 

Ala in  C.  Gringarten 

Al ix  Cameau 
Andre E. Wainright 

V a l d i m a r  K. Jonsson 
Karl Ragnars 
S v e r r i r  Thorha l l sson  

Enr ico  Barbier 

Kentaro A i k a w a  
Shobu Hasegawa 
Hisash i  Ohtsuka 
Y o j i  Sat0 

Sebas t i an  Bwire -  
O j i a m b o  

Jo rge  Guiza 
Ser g io  Mer cad0 

R.  S.  Bolton 
W. B a s i l  S t i l w e l l  
Franke E. S t u d t  

Roger A t  cia 
A r i e l  Zuniga 

Ar turo  Alcaraz 

Victor H.  Fo r j az  
L u i s  Mendes-Victor 
J u l i o  Quint ino 

Comisi6n E jecu t iva  H i d r o e l e c t r i c a  
de l  R i o  Lempo 

Dornier System Gmbh 

Bureau de Recherches 
Ggologiques e t  Minieres  

Elect t ic i t6  d '  Haiti  
Electr ic i t6  d 1  H a i t i  

Un ive r s i ty  of I ce l and  
Nat iona l  Energy Author i ty  
Nat iona l  Energy Author i t y  

I n t e r n a t i o n a l  I n s  t i t U t e  for 
Geothermal Research 

M i t s u b i s h i  Heavy I n d u s t r i e s  

Toshiba I n t e r n a t i o n a l  Corporat ion 
Dawa Mining Co. ,  L t d .  

G e o t h e r m a l  Pr oj ec t s 

Comisi6n Federal de Electricidad 
C o m i s i r h  Federal de Electr ic idad 

Min i s t ry  of Works and Development 
Min i s t ry  of Works and Development 
Department of S c i e n t i f i c  and 

I n d u s t r i a l  Research 

Empreso Nacional de Luz y Fuerza 

Na t iona l  Power Corporat ion 

Facul ty  of Sc iences  
Facu l ty  of Sc iences  
Observa tor io  "Afonsa Chaves," Azores 
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Attendees,  Small Pawer P l a n t s  Conference, Berkeley, C a l i f o r n i a  
June 2, 1975 

N a t i o n a l i t i e s  of 
P a r t i c i p a n t s  N a m e  - Organiza t ion  

United Kingdom Derek  Marriott 

J. R. Shaw 

United S t a t e s  W i l l i a m  R. Austen 
Martha D. Bodden 
W i l l i a m  Berge 
James C. Bresee 

Kenneth E. Brunot 
James C. S .  Chou 
L e e  C. Dutcher 
John M. Falcao 
F. A. (Tex) Harris 
Ben H o l t  
James T. Kuwada 
Anders W. Lundberg 
Tsv i  Meidav 
W i l l i a m  Ogle 
L i l a  Smith 
H a s k e l l  Weiss 
Judson Whi tbeck  

H a l  Worcester 
Winifred W. S .  Yen 

Eng. and Power Development, 

Merz and McLellan 
Consul tan  ts 

Naval Facil i t ies Systems Command 
T e t r a  Tech Inc.  
P h i l l i p s  Petroleum 
Energy Research and Developnent 

Na t iona l  Science Foundation 
Un ive r s i ty  of Hawaii 
U.S. Geologica l  Survey 
S t a t e  Department 
Environmental P r o t e c t i o n  Agency 
The Ben H o l t  Co. 
Rogers Engineer ing Co.,  Inc.  
Lawrence Livermore Laboratory 
Geonomics, Inc.  
ERDA 
ERDA 
Lawrence Livermore Laboratory 
I da ho Na t iona l  Eng i nee r ing 

Eugene Water and Electric Board 
Unive r s i ty  of C a l i f o r n i a ,  Berkeley 

Adminis t ra t ion ( ERDA) 

Laboratory 
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Participants - 
Attendees, Azores Meeting, San Miguel, the Azores, September 8-11, 1975 

Nationalities of 
Participants Name Organization - 
France 

Japan 

Nicaragua 

Portugal * 

Roger Aure ille 
Pierre Coulbois 

Danielle Lamethe-Parneix Electricit6 de France 

Electricit6 de France 
Bureau de Recherches GGologiques 

et MiniZres 

Kentaro Aikawa Mitsubishi Heavy Industries 

Fritz Morlack Empresa Nacional de Luz y Fuerza 

Fernando Dias Agudo National Scientific and 
Technological Research 
Board 

of Sciences 
Victor Hugo Forjaz University of Lisboa, Faculty 

United Kingdom Derek Marriott 

United States James C. Bresee 

Edwina Campbell 
Ritchie Coryell 
Ray Durante 
James Ehrman 
James Kuwada 
Stan Larson 
Anders Lundberg 
Hugh Mathews 
Tsvi Meidav 
Pat Muffler 
William Ogle 
James Sampas 

Eng. & Power Development, 
Consultants 

Energy Research and Development 

State Department 
National Science Foundation 
Westinghouse, Inc. 
U.S. Embassy, Lisbon 
Rogers Engineering 
Bureau of Reclamation 
Lawrence Livermore Laboratory 
Sperry Rand 
Geonomics, Inc. 
U. S. Geological Survey 
ERDA 
U. S. Representative, CCMS 

Administration (ERDA) 

Yugoslavia Galovic S t j epan INA-Naftaplin 

* Names of additional Portuguese participants will be available in the procedings 
of the Azores Meeting to be published by the Azores Earth Sciences Institute. 
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HOT DRY ROCK CONCePTS SUBSTUDY 

1st Meeting 2nd Meeting Nationalities of 
Participants LASL 1974 LASL 1977 

1 Canada 

Egypt 

Federal Republic 
of Germany 

France 

Indonesia 

Italy 

New Zealand 

Nicaragua 

Sweden 

Switzerland 

Turkey 

United Kingdom 

United States 

2 

3 

1 

80 

- 
95 

1 

3 

2 

1 

1 

4 

1 

2 

70 

- 
85 

A 



73 

H o t  Dry R o c k  Concepts Substudy 

P a r t i c i p a n t s  

Information Meeting, Los  A l a m o s  S c i e n t i f i c  Laboratory 
September 17-19, 1974 

N a t i o n a l i t i e s  of 
P a r t i c i p a n t s  N a m e  Organiza t ion  

Canada 

Feder a1 
Republic of 
Germany 

France 

I t a l y  

New Zealand 

Nicaragua 

Sweden 

Turkey 

Alan Je s sop  

Georg Delisle 
O s k a r  Kappelmeyer 

Y. Bot t inga  
Ala in  C. Gringarten 

Antoine Char les  
Schwerer 

Romano Cela t i  

Pietro Ceron 

E z i o  Tongiorgi 

Hugh M. Bibby 

Ernes t0  T. Martinez 

Gunnat D i l l s t r o m  
K u r t  Heden 
Yngr e V e s  ter lund 

Umran Serpen 

United States  
Gov’t and 

Lawrence H. Axtell 
Glen E. Brandvold 
James C. Bresee 
Douglas Brookins 
Gerald I. Brubaker 
David R. Bu t l e r  
James S. Coleman 
James W. Crosby, I11 
Richard F. Dondanville 

Department of Energy and Mineral  
Resources 

Geologica l  Survey 
Geological  Survey 

Un ive r s i ty  of  P a r i s  
Bureau de Recherches 

Geologiques e t  Minieres  

I n s t i t u t  Nat iona l  Astronomie 
et  Geophysique 

I n s t i t u t o  I n t e r n a z i o n a l e  
Ricerche Geotermiche ( I I R G )  

Ente  Nazionale de l l ’Ene rg ia  
E le t t r  ica 
Cent ro  Ricerca Geotermica 

I I R G  

Department of  S c i e n t i f i c  and 
I n d u s t r i a l  Research 

Empreso Nacional de  Luz y Fuerza 

AB Vattenbyggnadsoyr an 
STU 
Swedish Embassy, Washington 

Mineral  Research and Study 
Ins  ti t u t e  

Geothermal Se rv ices ,  Inc.  
Sandia  Laboratories 
A t o m i c  Energy Cammission (AEC) 
Un ive r s i ty  of N e w  Mexico 
Council on Environmental Qua l i ty  
Chevron O i l  Company 
AEC 
Washington State  Un ive r s i ty  
Union O i l  Company 
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Information Meeting, L o s  A l a m o s  S c i e n t i f i c  Laboratory 
September 17-19, 1974 

Nat ional i t ies  of 
P a r t i c i p a n t s  N a m e  Organ iza t ion  

United S t a t e s  
Gov't and 
Indus t r  i a1 
P a r t i c i p a n t s  
(cont . ) Harry W. Fa lk ,  J r .  

John W. Gabelman 
James G. G i s t  
L.  T. Grose 
Klaus Halbach 
E'. A l l en  Harris 

John H. Howard 
Gerald W. Johnson 
Donald W. K l i c k  
Paul  Kruger 
Richard C. Lindwall  
W i l l i a m  C. -McSpadden 
L o w e l l  Miller 

David D. P o l l a r d  
Char l e s  B. Quinn 
J o s i a h  Royce 

Donald H .  S t ewar t  
Andre C. S imonp ie t r i  
John S u l l i v a n  
W. K. Summers 
Frank W. T r a i n e r  
L o u i s  B. Werner 
B i l l y  G. West 
W i l l i a m  E.  Ogle 
Paul  A. Witherspoon 
R. Lee  A a m o d t  

Harold M. Agnew, 

James N.  A l b r i g h t  
Jacobo R. Archuleta  
Dale E. Armstrong 
John P Balagna 
Charles A. Bankston 
Donald W. Brawn 
George A. Cowan 
W i l l i a m  C r  ismon 
Warren Crawe 
Bert R. Dennis  
Robert D. D u f f i e l d  
Andrea C.  Eddy 
Donald Hanson 

Director 

Magma Power 
AEC 
P a c i f i c  Energy Corporation 
Colorado School of Mines 
Lawrence Berkeley Laboratory 
CCMS/Ehvironmental P r o t e c t i o n  

Lawrence Livermore Laboratory 
TRW 
U.  S. Geological  Survey (USGS) 
Nat iona l  Science Foundation 
Union O i l  Company 
Battelle P a c i f i c  NW Laboratory 
Idaho National Engineering 

U. S. Geolog ica l  Survey 
AEC 
Agency f o r  Internat ional  

Battelle P a c i f i c  NW Laboratory 
American Embassy, Mexico 
O f f i c e  of Management and Budget 

Agency 

Labor ator y 

Developnent, S t a t e  Department 

USGS 
AEC 
S t a t e  o f  N e w  Mexico 
AEC 
Lawrence Berkeley Laboratory 
Los  A l a m o s  S c i e n t i f i c  Laboratory 

LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 
LASL 

n 

. - . .. 
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Information Meeting, Los A l a m o s  S c i e n t i f i c  Laboratory 
September 17-19, 1974 

National  it i es of 
P a r t i c i p a n t s  N a m e  

Robert  J. Hanold 
R o b e r t  H.  Hendron 
Claude C. Herrick 
James H. H i l l  
Everett D. H o l m e s  
John C. Hopkins 
Donald M. Kerr, Jr. 
Paul R. Kintzinger  
A. W i l l i a m  Laughlin 
Robert  D. McFarland 
Thomas R. McGetchin 
Berthus B. McInteer 
Daniel  J. Miles 
Robert  L. M i l l s  
Carl A .  Newton 
Kenneth H. Olsen  
J i m  Polk 
Robert  M. P o t t e r  
W i l l i a m  D. Purtymun 
Jean-Claude Roegiers  
John C.  Rowley 
Raemer E. Sch re ibe r  
Robert R. Sharp, J r .  
Wilmer L. S i b b i t t  
Darrell L. Sims 
Morton C. Smith 
R o d e r i c k  W. Spence 
Richard F. Taschek 
J e r r y  M. Tatom 
J e f f e r s o n  Tester 
F r a n c i s  G. West 

Organ iza t ion  

LASL 
LASL 
LASL 
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APPENDIX 2. STATUS OF SELECTED GEOTHERMAL PROGRAMS 
THROUGHOUT THE WORLD 

drs 

INTRODUCTION 

The fo l lowing  is a summary of t h e  
s t a t u s  of t h e  geothermal programs of 
those c o u n t r i e s  t h a t  have a c t i v e l y  
con t r ibu ted  to t h e  CCMS geothermal 
program. Information was drawn from 
United Nat ions and CCMS conference 
proceedings,  correspondence wi th  
U.S. State Department Science 
Attaches,  d i s c u s s i o n s  w i t h  e x p e r t s  
who have t r a v e l e d  to t h e  va r ious  
c o u n t r i e s ,  j o u r n a l  articles, pam- 
p h l e t s  and speeches. Comments, 
criticism and a d d i t i o n a l  information 
are welcome a t  any t i m e  and may be 
s e n t  to t h e  O f f i c e  of I n t e r n a t i o n a l  
Programs, I n t e r n a t i o n a l  Affairs ,  
U.S. Department of Energy, Wash- 
ington,  D.C. 20545, USA. 

CANADA 

A program for geothermal research  
and development was i n i t i a t e d  by t h e  
Canadian Department of Energy, Mines 
and Resources (EMR) i n  1975. Up to 
t h a t  t i m e ,  on ly  chemical a n a l y s i s  
of hot s p r i n g  waters and a small 
d r i l l i n g  program a t  the  Meager 
C r e e k  H o t  Spr ings  had been attemp- 
ted. N e w  funds  a t  an i n i t i a l  level  
of $100,000 appeared i n  1976, and 
EMR began the assessment of t h e  
geothermal p o t e n t i a l  of t h e  cor- 
d i l l e r a  of B r i t i s h  Columbia and 
the  Yukon, the  most promising areas ., 
i n  Canada. The p o t e n t i a l  ,of @e . - 
areas is st i l l  unknown, b u t  t h e r e  
are s e v e r a l  promising sites. Un-- , 

f o r t u n a t e l y ,  many of these are 
i n  very isolated and mountainous 
country.  

EMR and t h e  B r i t i s h  Hydro and Power 
Author i ty  are coopera t ing  i n  t h e  
assessment of t h e  Meager Mountain 
si te,  about  100 miles nor th  of 

Vancouver. It  is hoped t h a t  it w i l l  
be p o s s i b l e  to d e f i n e  a t a r g e t  for a 
deep exp lo ra to ry  w e l l  w i th in  t w o  
y e a r s  . 
The other promising areas for geo- 
thermal development i n  Canada are 
the sedimentary b a s i n s  of t h e  Pra i r ie  
Provinces ,  e s p e c i a l l y  for near-term 
development. The EMFt program state- 
ment estimated i n  1976 t h a t  t h e  
Prairie Provinces  had heat r e s e r v e s  
of approximately 4.8 x J a t  a 
threshold temperature  of 5OoC, and 
EMR f e e l s  t h a t  by 1985 a 10 MWt 
(3.2 x 1014 J /year )  heat c a p a b i l i t y  
could be e s t a b l i s h e d  for t h e  hea t ing  
of l a r g e  bui ld ings .  A deep well 
w i l l  be d r i l l e d  a t  Regina dur ing  
1978 to provide conf i rmat ion  of 
projected geological. data and to 
form the producing w e l l  of a doub le t  
after t h e  French s t y l e .  

The only  c u r r e n t  u s e  of geothermal 
energy i n  Canada is i n  the c i t y  of 
Whitehorse i n  t h e  Yukon. The c i t y  
mixes (7%) s p r i n g  water f lawing 
a t  a rate of 2 , 0 0 0  gal/min w i t h  
local s u r f a c e  water to keep t h e  
c i t y * s  water supply  from f reez -  
ing. Some ho t  s p r i n g s  are used 
to w a r m  swimming pools throughout 
t h e  cordillera. 

ELSALVADOR ' 

The Comisi6n E jecu t iva  H i d r o e l e c t r i c a  
del  Rio Lempa (CEL) is re spons ib l e  
for developing El Sa lvador ' s  geo- 
thermal  p o t e n t i a l ,  and w i l l  spend 
more than  $35 m i l l i o n  over  t h e  f ive-  
year  per iod  between 1976 and 1980. 
The United Nat ions s p e n t  $2 m i l l i o n  
i n  t h e  e a r l y  1970's to explore  t h e  
Ahuachapan geothermal f i e l d ,  a major 
power producer for E l  Salvador .  Two 
30-MWe u n i t s  a t  Ahuachapan are now 
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opera t ing  and along wi th  E l  Salva- 
d o r ' s  h y d r o e l e c t r i c  resources ,  make 
t h e  country s e l f - s u f f i c i e n t  i n  
t h e  product ion of  e l e c t r i c i t y .  I n  
1979 a t h i r d  and f i n a l  u n i t  of 
approximately 35 MWe w i l l  be added 
to complete the f i e l d ' s  c u r r e n t l y  
p ro jec t ed  capac i ty .  Waste geother-  
mal f l u i d s  are in j ec t ed .  A French 
d r i l l i n g  company, FORAMINES, is 
d r i l l i n g  exp lo ra to ry  wells i n  San 
Vincente and Usulutan Province 
f o r  a d d i t i o n a l  geothermal capac i ty .  

FRANCE 

Four o rgan iza t ions  suppor t  geothermal 
energy research ,  development and 
demonstration i n  France.  The 
DGl6gation GGn6rale h l a  Recherche 
S c i e n t i f i q u e  e t  Technique (General 
Delegat ion of S c i e n t i f i c  and Technical  
Research) has  broad r e s p o n s i b i l i t y  
f o r  energy matters i n  France.  The 
Bureau de Recherches G6ologiques 
e t  Minigres  has  a s ses sed  and 
inven to r i ed  t h e  low entha lpy  
resources of  France.  I n  1977, t h e  
I n s t i t u t  Nat iona l  Astronomique e t  
G h l o g i q u e  started a geophysical  
research  program on h o t  d ry  r o c k ,  so 
far only  i n  t h e  paper-study phase. 
I n  1977, t h e  European Community 
funded a two-year experimental  
program i n  France to i n c r e a s e  r o c k  
pe rmeab i l i t y  by chemical leaching.  

Geothermal development i n  France 
is p r i m a r i l y  i n  t h e  P a r i s  Basin.  
Th i s  area was thoroughly explored  
g e o l o g i c a l l y  from 1950 to 1965, when 
about  2 , 000 exp lo ra to ry  o i l  wells 
were d r i l l e d ,  on ly  a handful  of 
which were product ive .  Numerous 
deep a q u i f e r s  were found , though , 
convenient ly  located near popula t ion  
c e n t e r s  and a t  temperatures  high 
enough f o r  space hea t ing .  There 
are now four  reg ions  around P a r i s  
wi th  geothermal hea t ing  systems i n  
va r ious  s t a g e s  of developnent and 
i n s t a l l a t i o n .  

The l a r g e s t  hea t ing  system is a t  

Creil, twenty-five miles no r th  
of P a r i s .  This  system began to s e r v e  
2,000 apartments  i n  t h e  f a l l  of 
1976 and w i l l  even tua l ly  supply 
h e a t  to 4,000 apartments.  The 
system c o n s i s t s  of t w o  e x t r a c t i o n  
wells (each w i t h  a downhole pump) , 
and t w o  r e i n j e c t i o n  holes:  water 
temperature is around 57OC. Three 
h e a t  pumps are used i n  a d d i t i o n  
to h e a t  exchangers to i n c r e a s e  t h e  
system's  e f f i c i e n c y .  Electricit t i  
de  France has  instrumented t h e  
Cre i l  system to monitor performance 
throughout t h e  hea t ing  season i n  
o rde r  t o  compare t h e  a c t u a l  perform- 
ance and economies wi th  t h e  des ign  
p r o j e c t i o n s .  So f a r ,  geothermal 
energy has  accounted f o r  over  40 
percen t  of the  hea t ing  requirement 
of t h e  apartments .  

Melun, twenty-five miles sou theas t  
o f  P a r i s ,  is t h e  s i te  of a l a r g e  
geothermal hea t ing  system which 
is c u r r e n t l y  being r e t r o f i t t e d  to 
4,000 apartments .  'Wo whipstock 
ho le s ,  1 ,800 m deep and sepa ra t ed  
by 900 m a t  t h e  bottom, supply 
t h e  system, which is supplemented 
by convent iona l  hea t ing  i n  co lde r  
months. 

The t w o  o t h e r  geothermal hea t ing  
systems i n  t h e  P a r i s  reg ion  are 
Villeneuve-La-Garenne where 1,700 
apartments  are being i n s t a l l e d  w i t h  
f a c i l i t i e s  similar to Cre i l ' s ,  and 
Mee-sur-Seine, where 6,000 apart- 
ments and 50,000 square meters of 
o f f i c e  space are to rece ive  70 
pe rcen t  of t h e i r  hea t ing  requirements  
from geothermal energy. 

FEDERAL REPUBLIC OF GERMANY 

The Bundesministerium f u r  Forschung 
und Technologie (BMFT) funds geo- 
thermal  research and development i n  
West Germany as p a r t  of t h e  German 
n a t i o n a l  energy program. The P r o j e c t  
Management f o r  Energy Research i n  
KFA-Julich is re spons ib l e  f o r  geo- 
thermal  development i n  Germany. The 
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European Community also sponsors  
research i n  t h e  Federa l  Republic 
r e l a t e d  to geothermal energy. 

The Bundesanstal t  f u r  Geowissen- 
scha f t en  und Rohstoffe  (BGR) and 
t h e  Niedersachsisches Landesamt f u r  
Bodenferschung (NLfB) , both i n  Han- 
ove r ,  completed a geothermal map 
of t h e  country i n  e a r l y  1978. 
Ochtendung is t h e  s i t e  of a 700 m 
borehole  wi th in  t h e  E i f e l  Mountains 
which was d r i l l e d  i n  order  to in-  
v e s t i g a t e  t h e  geothermal s i t u a t i o n  
of  t h e  western part  of t h e  E i f e l .  A 
negat ive  geothermal anomaly was 
found t h e r e .  

Germany has  a poor hydrothermal 
resource base. There are only  
t w o  areas wi th  some p o t e n t i a l  f o r  
development. The f i r s t  is t h e  
Landau area of t h e  Upper Rhine 
Val ley  where a temperature anomaly 
was found bu t  t h e  l o w  pe rmeab i l i t y  
and temperature  of t h e  r o c k  has  
so f a r  prevented economical exploi- 
t a t i o n .  The second is t h e  Urach 
area southwest of the S t u t t g a r t  
where a test d r i l l i n g  d iscovered  
water temperatures around 100°C 
a t  2000 m; 150OC is expected a t  
3500 m. A s i n g l e  borehole ,  man- 
made geothermal energy system is 
to be tested i n  t h e  Urach borehole 
i n  summer 1978. 

The BGR is c u r r e n t l y  a t tempt ing  to 
connect  h o r i z o n t a l l y  s e v e r a l  260-m 
deep boreholes spaced about  100 m 
a p a r t  by means of hydraul ic  f r a c t u r -  
ing i n  t h e  Bayrischer  Wald Mountains. 
If t h e  connect ion is s u c c e s s f u l ,  
f l o w  experiments w i l l  be s t a r t e d  
to s tudy  heat exchange processes 
i n  a f r a c t u r e  system. 

The Federa l  Republic also conducts  
w o r k  suppor t ing  geothermal develop- 
ment i n  deep d r i l l i n g  technology 
for n a t u r a l  gas  wells, r o t a r y  high 
speed d r i l l i n g ,  and b ina ry  c y c l e s  
as part of a solar program. 

0 

GREECE 

The two lead ing  o rgan iza t ions  re- 
spons ib l e  for developing t h e  geo- 
thermal  resources of  Greece are t h e  
Pub l i c  Power Corporat ion (PPC) and 
t h e  I n s t i t u t e  of Geological  and 
Mineral  Research (IGMR) . The PCC 
is a quasi-governmental agency t h a t  
manages and f inances  deep d r i l l i n g  
and related surveys.  I n  May 1977, 
PPC signed an agreement with t h e  
I t a l i a n  State  Energy Agency, ENS%, 
to have them f u r n i s h  t e c h n i c a l  assis- 
tance to PCC f o r  the  development 
of geothermal energy on Milos I s l a n d ,  
and to c a r r y  o u t  surveys  i n  o t h e r  
promising areas i n  Greece. IGMR 
conducts  so i l  i n v e s t i g a t i o n s ,  geo- 
l o g i c a l ,  hydrogeological ,  and geo- 
chemical surveys,  shal low d r i l l i n g s ,  
temperature measurements, and o t h e r  
pre l iminary  surveys.  The IGMR is 
a quasi-government agency l i k e  PPC, 
f inanced by t h e  G r e e k  government, 
and r e c e i v e s  an appropr i a t ion  of 
approximately $27,000 annual ly  f o r  
i t s  program of geothermal surveys.  

Greece is proceeding s lowly i n  t h e  
development of its geothermal re- 
sources  because of its l i m i t e d  geo- 
thermal p o t e n t i a l ,  which has  been 
u t i l i z e d  only for resort and ther- 
a p e u t i c  baths. Geothermal explor-  
a t i o n  i n  Greece was assisted by 
a 1970 OECD g r a n t  to t h e  I t a l i a n  
I n t e r n a t i o n a l  I n s t i t u t e  f o r  G e o -  
thermal Research .(IGMR) i n  P i s a  
to conduct a geochemical survey  
i n  Greece. S i x  areas were i d e n t i f i e d  
by IGMR, t h e  most promising being 
Milos, Lesbos  I s l a n d s ,  and t h e  
Sperchios  River graben. The PPC 
has  conducted t w o  exp lo ra to ry  d r i l l -  
i n g s  i n  Milos, one of which was 
p u t  i n t o  product ion to eva lua te  t h e  
geothermal f l u i d ,  and it is consider-  
ing  t h e  i n s t a l l a t i o n  on Milos of 
t w o  15-MWe u n i t s .  However, t h e s e  
u n i t s  have no t  y e t  been included 
i n  P X ' s  ten-year,  1977-86 power 
development plan.  
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ICELAND 

The o rgan iza t ion  respons ib le  f o r  
developing geothermal resources  i n  
Ice land  is t h e  Nat iona l  Energy 
Author i ty  (NE&). The departments 
c h i e f l y  respons ib le  wi th in  it are 
the. Department of Na tu ra l  Heat, 
State D r i l l i n g  Cont rac tors ,  and 
S t a t e  Natura l  Heat Supply. The 
Reykjavik Dis t r ic t  Heating Se rv ice  
is independent of t h e  "EA. 

I ce l and  is rich i n  h y d r o e l e c t r i c  and 
geothermal resources .  It has  an 
es t imated  hydro p o t e n t i a l  of 3 m i l -  
l i o n  kW and has  harnessed about  10  
pe rcen t  of t h i s  resource  because t h e  
technology is s u r e r  and more cost 
compet i t ive  than  geothermal. For 
these reasons , elec t r  ic  power from 
geothermal resources  has  not  been 
a major focus  of development. How- 
ever ,  i n  p l a c e s  such as t h e  nor thern  
parts of Ice land ,  where the re  are 
important environmental  concerns or 
t h e  t h r e a t  of a r i v e r  drying up 
dur ing  a prolonged c o l d  spel l ,  
elec t r  ic power from geothermal 
resources  has  been introduced.  

Most of t h e  geothermal r e s e r v o i r s  
now under development are l o c a t e d  
i n  t h e  southwest corner  of t h e  
i s l a n d  on or near t h e  Reykjanes 
Peninsula  or i n  t h e  nor th-cent ra l  
par t  of  t h e  i s l and .  
p e r a t u r e  f i e l d s  are found along 
t h e  mid-Atlantic vo lcan ic  zone, 
which runs through Ice land .  

The h igh  t e m -  

I ce l and  uses  most of its geothermal 
resources p r e s e n t l y  f o r  domestic and 
i n d u s t r i a l  hea t ing ,  where it is most 
cost e f f e c t i v e .  A t  t h e  end of 1976, 
130,000 people  or 59 percen t  of t h e  
popula t ion  used geothermal hea t ing ;  
i n  1977, 134,000 or 61 percen t  of 
t h e  popula t ion  and, w i t h i n  a few 
y e a r s ,  t h e  f i g u r e  may approach 
72 to 76 percen t  of t h e  populat ion.  

The Reykjavik Distr ic t  Heating 
System, f ed  by t h e  Reykjavik and 
Reykir geothermal f i e lds  on t h e  
Reykjanes Peninsula ,  s e r v e s  t h e  
capi ta l  c i t y  of Reykjavik and three 
neighboring towns. Total heat  
c a p a c i t y  of t h e  system i n  1977 was 
420 M W t ,  and it is expected to 
grow to 520-540 M W t  by t h e  end of 
1978. I n  1976, t h e  system served  
110,000 people  o u t  of a t o t a l  pop 
u l a t i o n  of 113,000. The geothermal 
water is q u i t e  c l ean  and is used 
d i r e c t l y  f o r  ba th ing ,  washing and 
cooking as well as  hea t ing .  Cur- 
r e n t l y ,  d r i l l i n g  is under way to 
t h e  s o u t h  and west of t he  c i t y  due 
to concern over draw-down of t h e  
geothermal r e s e r v o i r s  s e rv ing  t h e  
system. 

The Sudurnes Regional Heating Se rv ice  
on t h e  Reykjanes Peninsula  uses  t h e  
Sva r t seng i  h igh  temperature  geo- 
thermal  f i e l d ,  t h e  f i r s t  major 
hea t ing  system to u s e  h igh  temper- 
a t u r e  water. I n  1976, 300 homes 
were connected; u l t i m a t e l y  the  
system w i l l  s e r v e  12,000 people and 
t h e  Keflavik I n t e r n a t i o n a l  Airport .  
The N e j a v e l l i v  f i e l d ,  a c t u a l l y  t h e  
nor thern  part of the  Hengi l l  f i e l d  
j u s t  east of t h e  Reykjanes Peninsula ,  
may even tua l ly  be t i e d  i n t o  t h e  
Reykjavik hea t ing  system. The c i t y  
of Akureyi, 281 miles n o r t h e a s t  of 
Reykjavik and , I c e l a n d ' s  t h i r d  l a r g e s t  
c i t y ,  has  a h o t  water system similar 
to Reykjavik 's .  Recent ly ,  it began 
to s e r v e  1,200 r e s i d e n t s  and when 
completed w i l l  s e r v e  the  e n t i r e  pop- 
u l a t i o n  of 12,000 of t he  c i t y .  The 
Blondurs D i s t r i c t  Heating, also i n  
no r th -cen t r a l  I ce l and ,  is to be 
opera t ing  i n  t h e  win ter  of 1978 and 
w i l l  s e rve  about 800 I ce l ande r s .  

E l e c t r i c i t y  is generated i n  t h e  
nor thern  p a r t  of t h e  i s l a n d ,  a t  the  
Namafjall  and Kra f l a  high temper- 
a t u r e  f i e l d s .  S ince  1970, 3 MWe is 
produced a t  Namafjall and steam 
h e a t  is used to d ry  diatomaceous 
ea r th .  The Kra f l a  f i e l d ,  located 
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8 kilometers no r theas t  of Namafjal l ,  
was intended to provide  geothermal 
steam to a 55-MWe power p l a n t ,  
which would even tua l ly  become par t  
of t h e  I c e l a n d i c  Nat iona l  Power 
Grid, a t  a cost of $40 mil l ion .  
The p l a n t  has  been b u i l t  and t h e  
two Mi t sub i sh i  t u rbogene ra to r s  in -  
s t a l l e d ,  b u t  t h e  p l a n t  is not on- 
l i n e  because of a very  un fo r tuna te  
series of events .  In  1974, t w o  
exp lo ra to ry  h o l e s  of 1,100-m depth 
revea led  temperatures  of up to 
330%. On the basis of t h e  promi- 
s i n g  temperatures and flows encoun- 
t e r ed ,  s i x  product ion  ho le s  were 
d r i l l e d .  On December 20, 1975, 
vo lcan ic  e r u p t i o n s  occurred one or 
two miles from t h e  power p l a n t ,  
a l t e r i n g  t h e  below-surf ace h e a t  
sources  and a q u i f e r s .  I n  1976, 
there were n ine  ear thquakes of mag- 
n i tude  four  or g r e a t e r  on t h e  
R ich te r  scale p l u s  many thousands 
of e a r t h  tremors. Corrosive gases  
found t h e i r  way i n t o  t h e  wells, 
thereby compounding development 
problems. I n  April 1977, s e v e r a l  
major e a r t h  movements and a small 
vo lcan ic  e r u p t i o n  t o o k  place and 
were followed by a vo lcan ic  e rup t ion  
t h r e e  miles from t h e  Kra f l a  s t a t i o n  
i n  September 1977. This  l as t  event ,  
which was a s s o c i a t e d  wi th  ear thquake 
a c t i v i t y ,  damaged the diatomite 
p l a n t ' s  geothermal r e s e r v o i r s  a t  
Namafjall .  I n  February 1978, NEA, 
af ter  r e p a i r i n g  some w e l l s ,  was a b l e  
to  begin s t a r t - u p  ope ra t ions  of t h e  
p l a n t  and to s ta r t  supplying around 
10 MWe to  t h e  Na t iona l  Grid. I n  
an effor t  to  g e t  t h e  Kra f l a  power on- 
l i n e  , g r a v i t y  changes and seismic 
a c t i v i t y  are being recorded, and 
tilt measurements and chemical 
a n a l y s i s  of escaping gases  are 
being monitored to determine i f  
t h e  u p l i f t i n g  of t h e  f e a t u r e s  is 
due to steam l i f t i n g  or to-magmatic 
i n  t r  u s  ion.  

0 

Ice land  has  made good use of one 
vo lcan ic  e rup t ion .  I n  January 1973, 
a major vo lcan ic  e rup t ion  a t  t h e  

edge of a town on t h e  Westman 
I s l a n d s  destroyed about  one-thi  rd 
of it. As an a i d  to r ebu i ld ing ,  
t h e  l a t e n t  h e a t  of t h e  l a v a  was 
tapped and c i r c u l a t e d  through a 
pipe g r i d  bu r i ed  i n  h o t  lava, to 
provide h o t  water to  t h e  town. A 
p i lot  i n s t a l l a t i o n  near l a v a  a t  
305% has  resulted i n  h o t  water 
product ion a t  19OOC. 

INDONESIA 

Indonesia  has  cons ide rab le  geother-  
m a l  resources, most of which l i e  
along t h e  vo lcan ic  b e l t  of t h e  
i s l ands .  Most exp lo ra t ion  has  been 
done i n  t h e  main i s l a n d s  of  Java 
and B a l i ,  b u t  the g r e a t e s t  p o t e n t i a l  
appears to be i n  t h e  dense ly  popu- 
lated o u t e r  i s l ands .  Ear ly  explor-  
a t i o n  e f f o r t s  rece ived  a s s i s t a n c e  
from t h e  U.S. Agency for In te rna-  
t i o n a l  Development and t h e  United 
Nat ions Educat ional ,  S c i e n t i f i c ,  
and C u l t u r a l  Organiza t ion .  

The Geothermal Sec t ion  of Tndo- 
n e s i a ' s  Geological  Survey h a s  t h e  
main r e s p o n s i b i l i t y  f o r  exp lo ra t ion  
and development; it has  worked 
wi th  the  Scripps I n s t i t u t e  of Ocean- 
ography, Union O i l  Company of t h e  
United States ,  and wi th  t h e  Uni- 
versity of Tokyo. The Geology 
Divis ion  of Pertamina, t h e  state- 
owned o i l  company, has  i n v e s t i g a t e d  
t h e  North Banten area of north- 
western Java.  Pertamha hopes 
to do more geothermal work when 
monies become ava i l ab le .  

The Komajong s o l f a t a r i c  f i e l d  i n  
West Java is t h e  most developed geo- 
thermal s i te  i n  Indonesia .  Deep 
exp lo ra to ry  d r i l l i n g  was completed 
i n  1974 and the  government is con- 
s i d e r i n g  i n s t a l l a t i o n  of a 30-Me 
power p l a n t  t h e r e  , poss ib ly  begin- 
ning as e a r l y  as  la te  1978. N e w  
Zealand is supplying t e c h n i c a l  and 
f i n a n c i a l  a s s i s t a n c e  f o r  t h i s  
project. 
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Other geothermal sites i n  va r ious  
s t a g e s  of exp lo ra t ion  or development 
are t h e  Dieng-plateau f i e l d  i n  
C e n t r a l  Java ,  where ex tens ive  d r i l l -  
ing found waters wi th  temperatures  
up to 173%: Salak, Palabukan-Ratu 
and Bantan, a l l  i n  W e s t  Java: and 
t h e  i s l a n d  of Sumatra, where a 
13-MWe p l a n t  is under development. 

ITALY 

The Ente Nazionale per 1 'Energ ia  
Elet t r ica  (ENEL) , t h e  I t a l i a n  State 
U t i l i t y ,  develops t h e  geothermal 
resources  i n  I t a l y  through its Geo- 
thermal Research Center .  This  
c e n t e r  employs 500 people and had 
a 1977 budget f o r  geothermal energy 
of approximately $16.9 mil l ion .  
In  1977, ENEL en te red  i n t o  a j o i n t  
venture  wi th  AGIP, t h e  I t a l i a n  
State  O i l  Company, for the  explor- 
a t i o n  of  new geothermal resources  
i n  I t a l y .  The Cons ig l io  Nazionale 
d e l l e  Ricerche (CNR) conducts  geo- 
thermal research through its I n t e r -  
n a t i o n a l  I n s t i t u t e  of Geothermal 
Research i n  P isa ,  which has  a budget 
of about  $395,000 f o r  1977. The 
CNR also has a special energy pro- 
gram under way t h a t  has al lot ted $4 
m i l l i o n  to geothermal research  
over a five-year per iod .  

The ENEL operates a t o t a l  i n s t a l l e d  
geothermal electrical c a p a c i t y  of 
421.5 MWe, which produces 2.5 GWh 
y e a r l y  or approximately 1.7 percen t  
of the  n a t i o n a l  annual  e l e c t r i c i t y  
product ion.  The ENEL p l a n s  to 
i n s t a l l  by 1980 an a d d i t i o n a l  40 We. 
Direct uses, such as greenhouse or 
d i s t r ic t  hea t ing  i n  Padua and 
La rde re l lo ,  are conducted p r i m a r i l y  
through t h e  p r i v a t e  sector i n  I t a l y .  

. A l l  o f  t h e  I t a l i a n  geothermal f i e l d s  
under e x p l o i t a t i o n  or exp lo ra t ion  
l i e  along t h e  pre-Apennine belt 
s t r e t c h i n g  from P i s a  past Rome to 
Naples. New geothermal f i e l d s  were 
found a t  Trava le ,  Al f ina  and Cesano 
a f t e r  t h e  1973 o i l  cr is is .  Today, 

ENEL is developing t h e  La rde re l lo ,  
Trava le ,  Bagnore and Piancas tagnaio  
f i e l d s  and is s t i l l  explor ing  t h e  
Al f ina  and Cesano areas. 

Larderello, t h e  oldest developed 
geothermal f i e l d  i n  t he  world, has  
over 400 e x p l o i t a t i o n  wells d i s -  
t r i b u t e d  over an area of  almost 
200 km2. 
average depth of 668 m and t h e  
depth ex tends  down 2,703 m. The 
ENEL is c o n t i n u a l l y  d r i l l i n g  new 
wells to compensate f o r  t h e  de- 
c reased  p r o d u c t i v i t y  of e x i s t i n g  
wells. Today, t h e  producing area 
of  La rde re l lo  is 60 km2. 

These wells have an 

A t  La rde re l lo ,  as well as  a t  Trava le ,  
ENEL is beginning to implement a 
s t imu la t ion  program to  recover h e a t  
ei ther by a r t i f i c i a l l y  inc reas ing  
r o c k  permeabi l i ty  or by producing 
fractures to connect  t h e  unproduc- 
t i v e  w e l l s  to neighboring permeable 
formations.  The ENEL is c u r r e n t l y  
concen t r a t ing  on hydrau l i c  f r a c t u r -  
ing  of l o w  producing w e l l s  wi th  both 
h igh  temperature and l o w  permea- 
b i l i t y  a t  Lardere l lo .  I t  is also 
planning a p r o j e c t  where it w i l l  
d r i l l  below t h e  producing zone of 
Larderello, down to 5,000 m, i n  an 
e f f o r t  to  i n v e s t i g a t e  any r o c k  f o r -  
mations t h a t ,  when f r a c t u r e d ,  might 
form a r e s e r v o i r  d i f f e r e n t  from t h e  
one p r e s e n t l y  exp lo i t ed .  Curren t ly ,  
ENEL is s e l e c t i n g  techniques and 
conducting l i m i t e d  f i e l d  experiments 
w i t h  f u l l  f i e l d  work on t h i s  p r o j e c t  
to begin i n  la te  1978. 

The Travale  f i e l d  is much smaller 
than La rde re l lo ,  wi th  19 producing 
w e l l s  spread  over a 10 km* area. 
The actual producing area is only 
2 km2. I n  1977, ENEL began s tudying 
p o s s i b i l i t i e s  for s t imu la t ing  unpro- 
duc t ive  wells by hydrau l i c  f r a c t u r i n g  
and c y c l i c  p re s su re  impulses. 

The o t h e r  developed f i e l d s  are 
Bagnore and Piancas tagnaio ,  near 



85 

Mount Amiata, and they have been 
gene ra t ing  power f o r  over f i f t e e n  
years .  The small (2  km2) , l o w  temp- 
e r a t u r e  steam f i e l d ,  Bagnore, is 
southwest of Mount Amiata. Its 
t h i r t e e n  product ive  w e l l s  (average 
depth 768 m) supply two small 
(3.5 MWe) gene ra to r s  t h a t  d i scha rge  
d i r e c t l y  to t h e  atmosphere because 
of t h e  high (7-8 percent )  concen- 
t r a t i o n  of noncondensable gases .  
The Piancas tagnaio  f i e l d  is j u s t  
sou theas t  of Mount Amiata. Nineteen 
wells, wi th  an average depth of 
773 m, are d i s t r i b u t e d  over a 
5 km2 product ive  area. 
18OoC steam to a 15-MWe turbogenera- 
tor which exhaus t s  d i r e c t l y  to t h e  
atmosphere due to a 2 1  pe rcen t  
concen t r a t ion  of  noncondensable 
gases  i n  t h e  geothermal f l u i d .  
The ENEL has  d r i l l e d  fou r t een  w e l l s  
to an average depth of 1 ,054 m i n  
t h e  12-km2 Al f ina  f i e l d .  Temper- 
a t u r e s  of up to 15OoC have been 
encountered i n  f l u i d  con ta in ing  
7,000 ppm disso lved  solids. I n  
February 1977, ENEL conducted a 
success fu l  hydrau l i c  f r a c t u r i n g  and 
a c i d i f i c a t i o n  experiment on a w e l l  
and increased  its c a p a c i t y  by a 
f a c t o r  of s i x .  The ENEL is studying 
t h e  p o s s i b i l i t y  of using Al f ina  f o r  
t h e  gene ra t ion  of e l e c t r i c i t y  w i t h  
r e i n j e c t i o n  of t h e  geothermal f l u i d  
to con ta in  p o l l u t a n t s .  

They supply 

Explora tory  d r i l l i n g  of t h e  Cesano 
f i e ld ,  20 km nor th  of Rome, s tarted 
i n  1973. The f i r s t  well found a ho t  
(maximum temperature  of 285OC), 
s u p e r s a l i n e  ( to ta l  d isso lved  s o l i d  
of 350,000 ppm) f l u i d ,  b u t  t h r e e  
a d d i t i o n a l  wells, d r i l l e d  about  
700 m from t h e  producing w e l l s ,  
produced nothing due to  very low 
permeab i l i t y  of t h e  formation. An 
i n j e c t i o n  well was d r i l l e d  2 km 
from t h e  d iscovery  w e l l . ,  and an 
a c i d i z i n g  t rea tment  was success fu l  
i n  inc reas ing  t h e  o r i g i n a l  l o w  

@ permeabi l i ty .  The Cesano area 
measures about  2 km2, and wells 
average 2,180 m i n  depth.  

The ENEL is cons ider ing  Cesano as a 
research  s i te  f o r  f u t u r e  s t imu la t ion  
s t u d i e s  . 
MEXICO 

The Comisi6n Federal de Electricidad 
(CFE) is re spons ib l e  f o r  t h e  
development and u t i l i z a t i o n  of 
Mexico's geothermal resources  which 
are used p r i n c i p a l l y  f o r  e l e c t r i c i t y  
genera t ion .  The CFE began explor-  
a t i o n  of Mexico's geothermal 
p o t e n t i a l  i n  1960, and wi th  assis- 
t ance  from N e w  Zealand developed 
t h e  f i e ld  a t  Cerro Pr ie to  (twenty 
miles south  of Mexicali  on t h e  
Ca l i f  or nia-Mex ico bor de r ) whe re 
it b u i l t  a 75-MWe power p l a n t .  
Extensive i n v e s t i g a t i o n s  are also 
under way a t  Los Azufres ,  where 
exp lo ra to ry  dr i l l i n g  started i n  
1977, a t  I x t a l a n  de 10s Hervores,  
and Los Negr i to s ,  a l l  located north- 
west of Mexico Ci ty .  

Cerro Prieto is t h e  s i te  of a 75-MWe 
p l a n t  t h a t  began ope ra t ion  i n  
November 1973. F i f t e e n  w e l l s ,  
d r i l l e d  to depths  of 900-1,500 m,  
supply two tu rb ines .  The f i e l d  is 
water-dominated, bu t  very  ho t ,  wi th  
t h e  h ighes t  temperature  measured a t  
340OC. The geothermal f l u i d  is 
disposed of i n  a d ry  l a k e  bed: 
injection is under s tudy  since some 
subsidence has  taken place, on t h e  
o r d e r  of 30 cm. Current ly ,  CFE is 
d r i l l i n g  new wells to expand power 
o u t p u t  of t h e  p l a n t  to 150 We. The 
f i e l d  may even tua l ly  suppor t  400 MWe 
which would r e q u i r e  t h e  d r i l l i n g  of 
f i f t y - f i v e  new w e l l s .  

I n  1977,- t h e  U.S. Department of 
Energy and CE'E s igned a f ive-year  
agreement to undertake a program 
of coope ra t ive  i n v e s t i g a t i o n  of t h e  
Cerro P r i e t o  f i e l d .  The i n v e s t i -  
g a t i o n s  w i l l  allow experts from 
both c o u n t r i e s  to understand better 
t h e  Cerro Prieto and neighboring 
geothermal f i e l d s  of t h e  Imperial 
Val ley  i n  Ca l i fo rn ia .  (For a 
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d e s c r i p t i o n  of t he  J o i n t  U.S.-  
Mexican i n v e s t i g a t i o n s  a t  Cerro 
P r i e t o ,  see Appendix 3-D.) 

NEW ZEALAND 

The Min i s t ry  of Works and D e v e l o p  
ment, a ided  by t h e  Department of 
Science and I n d u s t r i a l  Research , 
c o n t r o l s  t h e  development and u t i l i -  
z a t i o n  of geothermal r e sources  i n  
N e w  Zealand. Funding for geothermal 
i n v e s t i g a t i o n s  i n  f i s c a l  year  1978 
was $4 m i l l i o n  and f o r  f i s c a l  year  
1979, $6.5 mil l ion .  Extensive 
h y d r o e l e c t r i c  resources ,  which 
supply t h e  ma jo r i ty  of New Zealand 's  
e l e c t r i c i t y ,  and a s u b s t a n t i a l  
n a t u r a l  gas  f i e l d  compete with,  and 
have discouraged t h e  development 
of N e w  Zealand's high quality geo- 
thermal resources .  P r e s e n t l y ,  the 
total  i n s t a l l e d  electric c a p a c i t y  
de r ived  from New Zealand's geother-  
m a l  f i e l d s  is 202 MWe, supplying 
over  10 pe rcen t  of  New Zealand 's  
electrical  requirements .  

The Wairakei f i e l d  w a s  f i r s t  brought 
i n t o  ope ra t ion  i n  1958. Its r a t e d  
c a p a c i t y  of 192 MWe supp l i ed  
1,250 GWh annual ly  to t h e  n a t i o n a l  
g r i d ,  or roughly 8 percen t  of t h e  
g r i d ' s  requirements.  

Most w e l l s  a t  Wairakei are i n  t h e  
range of 2,000-2,500 f e e t  deep, 
a l though one exp lo ra to ry  w e l l  reaches 
down to about  7,500 f e e t .  S ix ty-  
one wells supply t h i r t e e n  p l a n t s  
wi th  steam a t  t w o  m i l l i o n  pounds per  
hour. Because co r ros ion  is no t  
a f a c t o r  due to t h e  p u r i t y  of t h e  
steam (>99.9 percent )  , the p l a n t s  
have a u t i l i z a t i o n  f a c t o r  of about  
90 percent .  A t  p r e s e n t ,  d i s c u s s i o n  
concerning product ion a t  Wairakei 
is cen te red  on i d e n t i f y i n g  t h e  
most s a t i s f a c t o r y  way i n  which 
to main ta in  o u t p u t  because of sub- 
s t a n t i a l  drops i n  steam temperature 
and p res su re .  Seve ra l  o u t l y i n g  
wells have been lost due to cooler 
water encroachment. The ground 

has  subsided as much as s e v e r a l  
f e e t  over  a 1.5-square m i l e  area and 
some n a t u r a l  geothermal phenomena, 
such as geyse r s  and fumaroles,  have 
ceased.  

Waste water from the  geothermal 
wells a t  Wairakei is about 4800 
tonnes/hour ,  and reaches t h e  Waikato 
River a t  55OC. The combined coo l ing  
water and condensate to ta l s  33 , 750 
tonnes/hour , and is discharged a t  
33OC. The t o t a l  inc rease  i n  r i v e r  
temperature under average flow con- 
d i t i o n s  from waste water, coo l ing  
water and condensate is 1.5OC. 

I n  t h e  l a te  1 9 6 0 ' ~ ~  twenty-five 
wells were d r i l l e d  i n  t h e  Broadlands 
geothermal f i e l d ,  j u s t  no r theas t  of 
Wairakei, but despite its pr.omise 
(a high temperature  of 300OC) , 
development slowed down fol lowing 
the  d iscovery  of a major o f f s h o r e  
g a s  f i e ld .  The Broadlands f i e l d  
was removed from t h e  New Zealand 
Power Plan i n  1970 b u t  was restored 
i n  1974 when a program of  four  wells 
d r i l l e d  per year  was r e a c t i v a t e d .  
An environmental  impact report f o r  
t h e  Broadlands f i e l d  has  been pre- 
pared and p u b l i c  d i scuss ion  on t h e  
report and review w i l l  take p l a c e  
s h o r t l y .  I n j e c t i o n  experiments  
are under way, one a t  t he  edge of 
t h e  f i e l d  and one a t  a c e n t r a l  
l o c a t i o n  wi th in  t h e  f i e l d .  An 
a l f a l f a  dry ing  and p e l l e t i z i n g  
p l a n t  also began ope ra t ion  l as t  
year .  

The Kawerau and Rotorua f i e l d s  both 
make  c o n t r i b u t i o n s  to t h e  energy 
economy of New Zealand. The former 
provides  around 115 tons/hr to  
va r ious  s e c t i o n s  of t h e  Tasman 
Pulp and Paper Company inc luding  
some f o r  t h e  gene ra t ion  of 10 MW 
of e l e c t r i c i t y .  The Rotorua f i e l d  
provides  0.2 GWh/year to va r ious  
customers such a s  t h e  Queen E l i zabe th  
Hosp i t a l  and t h e  Rotorua Hotel , 
which u s e s  it for hea t ing ,  a i r  con- 
d i t i o n i n g  and h o t  t a p  water. 



- . . . . - . . . . . . 

07 

New Zealand is also investigating 
the possibility of geothermal dis- 
trict heating for the City of 
Auckland. Through bilateral agree- 
ments, New Zealand has helped the 
Philippines, Indonesia and Mexico 
find and tap their geothermal 
resources. 

NICARAGUA 

The Empresa Nacional de Luz y Fuerza 
(ENALUF), the National Power and 
Light Company, is responsible for 
developing the geothermal resources 
of Nicaragua, and has spent over 
$12 million in developing the 
Momotombo geothermal fields. The 
government agency in charge of 
supporting research is the Servicio 
Geological Nacional, the National 
Geological Service. The Momotombo 
volcano, 60 km west of Managua, is 
the most promising site for develop- 
ment. Of the nineteen wells drilled 
there, six are productive and could 
support a 30-MWe power plant. The 
ENALW? plans to let a contract to 
build a power plant at the Momotombo 
site in 1978. The only current use 
of geothermal energy in Nicaragua 
is for balneological purposes in 
the hot springs of Tipitapa, 24 km 
from Managua. 

PHILIPPINES 

Because the Philippine government is 
in the process of reorganization, 
responsibilities of various agencies 
for development of the geothermal 
resources of the Philippines are 
still in a state of flux. However, 
the national program for geothermal 
energy development is ambitious and 
calls for this resource to meet '25 
percent of the total energy require- 
ments of the island by 1985. The 
Philippine National Oil Company- 
Energy Development Corporation 
appears to have embarked on a policy 
of installing small power plants to 
make use of early wells in advance 
of developing the entire field 

for larger, more efficient units, 
as events on Leyte Island recently 
showed. 

Geothermal development on Ley te is 
supported by technical ass is tance 
from the government of New Zealand. 
Exploratory drilling performed 
by Kingston, Reynolds, Thom, and 
Allardice (KRTA) has encountered 
temperatures above 300oC at 1900 m, 
indicating a very promising geother- 
mal field. In July 1977, the Phil- 
ippine National Power Corporation 
installed a 3-We noncondensing 
steam turbine at Leyte with assis- 
tance from KRTA and the Union Oil 
Company. The small power plant 
will service the town of Ornac and 
the drilling site. 

At the Tiwi field in southeastern 
Luzon, Union Oil has drilled over 
twenty-one wells for a 110-MWe 
power plant which is to become 
operational in 1978. Also, the 
National Science Development Board 
has funded a small venture at Tiwi, 
in which steam from a shallow w e l l  
(200 m) powers a 2.5-kWe turbine 
generator set and provides heat 
for an experimental, combined salt- 
making and grain-drying system, 
which has been in operation for 
several years. 

Other geothermal locations are Los 
Basos, 30 miles outside Manila, where 
Union O i l  has been drilling for a 
55-MWe power plant; and-Negros 
Islands, where results of recent 
drillings have been encouraging 
for the eventual development of 
geothermal energy. 

PORTUCAL (AZORES) 

Geothermal development in the Azores 
commenced in 1974 with the drill- 
ing of an experimental hole by a 
Canadian drilling team from Dalhousie 
University and Lamont-Doherty Geo- 
logical Observatory, which encoun- 
tered fluid temperatures of 2OOOC 
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a t  roughly 900 m depth on the i s l and  
of Sa0 Miguel. I n  June 1977, Geo- 
nomics, Inc.  of C a l i f o r n i a  started 
f i e ld  i n v e s t i g a t i o n s  a t  t h e  request 
of the Portuguese government on Sao 
Miguel to determine t h e  geothermal 
p o t e n t i a l  of the area. A system of 
small power p l a n t s  is planned ( t h e  
f i r s t  one w i l l  be 3 MWe) to phase 
o u t  dependence on hydropower so t h a t  
t h e  water can be used for i r r i g a t i o n  
and power p l a n t  cool ing .  I n s t a l l e d  
capac i ty  for e l e c t r i c i t y  on Sao 
Miguel was 14.9 MWe i n  1975 w i t h  a 
popula t ion  of 180,000 people. The 
p o t e n t i a l  for direct heat appl ica-  
t i o n s  of geothermal energy i n  t he  
Azores inc lude  food process ing  
( sugar ,  powdered m i l k ,  agar-agar) , 
greenhousing, canning, space hea t ing ,  
and product ion of f resh water. 
Por tuga l  has announced p l a n s  to 
establ ish an experimental  geothermal 
l a b o r a t o r y  i n  connect ion w i t h  the 
Ear th  Sc iences  I n s t i t u t e  i n  t h e  
Azores to oversee  t h e  development 
of geothermal energy. 

' SWEDEN 

The Nat iona l  Swedish Board f o r  Energy 
Source Development o rgan izes  and 
sponsors  energy R&D i n  Sweden and 
has a l lot ted $1.6 m i l l i o n  for a geo- 
thermal program s t a r t i n g  i n  1976 and 
ending i n  1979. The emphasis of t h e  
program focused on the  d e v e l o p e n t  
of ho t  d ry  rock resources .  A team 
of g e o l o g i s t s  a t  Chalmers Unive r s i ty  
i n  Goteborg has begun a program 
of prospec t ing  for hot d ry  rock 
on the Bohus g r a n i t e s  on t h e  Swedish 
western coast. Thus f a r ,  no major 
heat anomalies have been i d e n t i f i e d .  

SWITZERLAND 

The Swiss have conducted a geologi-  
cal  survey of their  hot  dry  rock 
resource  p o t e n t i a l .  The best pro- 
spects are found along the  Molasse 
Basin,  where most of t h e  popula t ion  
and indus t ry  of Switzer land is lo- 
c a t e d  and t h e  average temperature  

a t  a depth of 5 km is 15Oo-17O0C. 
Switzer land w i l l  not develop these 
re sources  independently,  b u t  p l a n s  
to work wi th  o the r  c o u n t r i e s  to 
develop t h e  needed technology. 

TURKEY 

The Mineral  Research and Explora t ion  
I n s t i t u t e  of Turkey (MTA) i n  Ankara 
conducts  t h e  coun t ry ' s  geothermal 
research and exp lo ra t ion .  Based 
upon the  success fu l  ope ra t ion  of a 
0.5-MWe pi lot  p l a n t  for t h e  p a s t  t w o  
y e a r s ,  MTA has  under cons t ruc t ion  a 
5-MWe f a c i l i t y  a t  the K i z i l d e r e  w e t -  
steam f i e l d .  Maximum temperature 
recorded is 207OC, b u t  t he  f i e l d  
has serious problems w i t h  calcium 
carbonate  s c a l i n g .  
ope ra t ing  a s m a l l  ( 2 0  m x 50 m) 
greenhouse a t  Kiz i lde re .  

Two wells d r i l l e d  near  t h e  c i t y  
of Afyon have encountered temper- 
a t u r e s  up to 106OC a t  905 m. Heat 
exchanger tests of the  geothermal 
f l u i d s  have been completed, and t h e  
w e l l s  may be used to h e l p  supply  
heat to the  c i t y  f o r  space  and hot  
water hea t ing .  The MTA is also 
conduct ing pre l iminary  i n v e s t i -  
g a t i o n s  to eva lua te  p o t e n t i a l  of t h e  
Cappadoccian caldera i n  c e n t r a l  
Anato l ia  for h o t  dry  r o c k  develop- 
ment. 

UNITED K I N G D O M  

I n  1976 t h e  Energy Technology Support  
Uni t ,  Harwell, prepared a r e p o r t  
for the  United Kingdom Department 
of Energy e n t i t l e d  "Geothermal 
Energy: The Case f o r  Research i n  
t h e  United Kingdom," which concluded 
t h a t  a l though t h e  o u t l o o k  f o r  geo- 
thermal u t i l i z a t i o n  i n  t h e  United 
Kingdom is no t  too promising, t h e  
government should i n i t i a t e  a geo- 
l o g i c a l  survey of possible areas 
and a m a r k e t  a n a l y s i s  for t he i r  
heat. The United Kingdom Department 
of Energy therefore funded a 
$1.5 m i l l i o n ,  three-year program 

The MTA is also 
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6d in 1976 to determine the hot water 
and hot rock potential of the United 
Kingdom. The work is carried out 
by the Institute of Geological 
Sciences and several university 
departments. Promising early 
results have led to proposals for 
expanded effort in selected areas, 
notably the sedimentary basins 
in southern and western England 
and in southern Scotland. Hot 
aquifers already identified will 
receive further attention to see 
if they can be exploited in the 
same way as in the Paris Basin in 
France. Anomalously high heat flows 
have been confirmed in the granites 
of SW England, where gradients 
around 400C/km are observed. 
Camborne School of Mines is inves- 
tigating the possibility of heat 
recovery. Other igneous areas will 
be investigated later. 

All this work receives support from 
the European Community. 

UNITED STATES OF AMERICA 

The United States has a comprehen- 
sive federal program under way that 
aims to stimulate the commercial 
development of U.S. geothermal 
resources by private industry and 
local power authorities. In October 
1977, the Energy Research and Devel- 
opment Administration (ERDA) became 
part of the Department of Energy 
(DOE) which assumed the national 
responsibility for developing the 
required technology to tap the 
considerable geothermal potential 
for the U.S., most of which lies in 
the western and southwestern parts 
of the country. Both ERDA's and 
DOE'S budgets for geothermal re- 
search, development and demonstra- 
tion have expanded rapidly over the 
past few years, from roughly $30 
million in 1976 to an estimated 
$130 million in 1979. The DOE works 
closely with other agencies within 
the U . S .  government, such as the 
U.S. Geological Survey, the Depart- 
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ment of Agriculture, the National 
Science Foundation, the Environmental 
Protection Agency and the Department 
of the Treasury, in its efforts 
to coordinate the development of 
geothermal energy. The DOE geothermal 
efforts are organized along six 
program elements: 

1. Engineering Research and 
Development focuses on dri'lling 
and utilization hardware such as 
drill bits, heat exchangers and 
downhole pumps. It has sponsored 
the design and construction of 
the world's first direct-contact, 
binary-cycle heat exchanger, 
which was successfully tested 
for 500 hours in a complete 
10-kW electricity-producing 
loop in 1977. 

2. The Resource Exploration and 
Assessment program element 
develops the instrumentation 
and techniques needed to find 
and then evaluate a field's 
potential and the mathematical 
models and computer simulations 
needed to understand and manage 
geothermal reservoirs eff ec- 
tively. It has developed a 
systematic, formalized framework 
for geothermal prospecting and 
has found evidence of low-to- 
moderate temperature geothermal 
resources associated with natural 
radiogenic heat sources on the 
U.S. East Coast near large 
potent i a1 mar ke t s . 

3. Hydrothermal Technology Appli- 
cations strives to improve 
systems and systems engineering 
for the utilization (both 
elec tr ic and nonelectric) of 
liquid-dominated resources. It 
is responsible for the opera- 
tion of the Geothermal Loop 
Experimental Facility at Niland, 
California, the Geothermal Com- 
ponent Test Facility at East 
Mesa, California, and a 40 MWt 
thermal loop at Raft River, 
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Idaho. The Geothermal Loop 
Experimental Facility has suc- 
cessfully tested a flash-to- 
binary conversion system and 
a steam-scrubbing system so 
effective that the steam may 
be suitable for direct feed 
to a turbine. 

4. Advanced Technology Applications 
assesses the onshore geopressured 
resource of the U. S. Gulf Coast 
and works to demonstrate the 
feasibility of the Hot Dry Rock 
concept at the Los Alamos 
Scientific Laboratory in New 
Mexico. In 1977 this Laboratory 
connected a low impedance 
fracture system between two 
boreholes and in 1978 operated a 
3-MWt energy extraction loop for 
2,000 hours. 

5. Environmenlal Control and 
Institutional Studies, the final 
program element, investigates 

the ecological implications and 
problems of large scale use of 
geothermal energy and ways 
of improving federal policies 
and laws affecting the utili- 
zation of geothermal energy 
in the United States. 

The major U.S. national laboratories 
that support the DOE geothermal 
program and their specialties are 
Lawrence Berkeley Laboratory, the 
center for reservoir assessment, 
engineering and modeling; the Idaho 
National Engineering Laboratory, 
best known for its work on heat ex- 
changers; Los Alamos Scientific 
Laboratory, home of the Hot Dry Rock 
Program; Battelle Pacific Northwest 
Laboratory, focal point for economic 
studies; Lawrence Livermore Lab- 
oratory, developer of the total flow 
energy conversion system: Brookhaven 
National Laboratory, center of 
research on special cements, and 
Sandia Laboratories, specialists 
for drilling and logging technology. 



APPENDIX 3. SUMMARY OF SELECTED U.S. PROGRAMS 

GEOTHERMAL PILOT STUDY 
RELEVANT T O  THE NATO-CCMS 

INTRODUCTION 

The fo l lowing  appendices  con ta in  
summaries of U.S. geothermal research 
and development programs r e l e v a n t  to 
t h e  CCMS Geothermal P i l o t  Study. 
Addi t iona l  information on each of 
t h e  program areas, GRID and GEOTHERM 
(Sec t ion  A) , Direct Appl ica t ions  
(Sec t ion  B) , I n j e c t i o n  (Sec t ion  C) , 
J o i n t  U.S.-Mexican Program of Re- 
source  I n v e s t i g a t i o n s  a t  Cerro 
Prieto (Sec t ion  D) , Well-Head Gen- 
erator (Sec t ion  E) , and H o t  Dry 
Rock (Sec t ion  F) may be obta ined  
by w r i t i n g  to the  Div is ion  of Geo- 
thermal  Energy, Department of Energy, 
Washington, D.C. 20545. 

A. GRID A N D  CEOTHERM 

GRID - 
The Nat iona l  Geothermal Information 
Resource (GRID) of t h e  Lawrence 
Berkeley Laboratory is sponsored by 
the  U.S. Department of Energy (DOE). 
Its purpose is to develop a com-  
prehensive compilat ion of world- 
wide l i t e r a t u r e  and data designed to 
a s s i s t  i n  the research and develop- 
ment of geothermal energy f o r  both 
elec t r  ical  and n o n e l e c t r i c a l  uses .  
Included i n  t h i s  compilat ion are 
both s i te-dependent  and s i te - inde-  
pendent energy d a t a  r e l a t e d  to’ geo- 
thermal u t i l i z a t i o n ;  r e s e r v o i r -  
engineer ing ,  phys i ca l  chemistry,  
as well as environmental ,  l e g a l ,  and 
economic aspects of geothermal 
energy. GRID main ta ins  a com- 
p u t e r i z e d  database which p rov ides  
t h e  basis for in-depth l i t e r a t u r e  
reviews and c r i t i ca l  eva lua t ions  of 
data by the t e c h n i c a l  staff .  I n  
a d d i t i o n ,  computer-produced b i b l i -  
ographic  l i s t i n g s  and data tabu- 
l a t i o n s  are genera ted  from the 
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f i les  for d i s t r i b u t i o n  to other 
data eva lua to r s  . 
The GRID f i les  c u r r e n t l y  inc lude  t h e  
f ol lawing data c a t e g o r i e s  : 

Explora t ion  inc ludes  geothermal 
energy data on geo log ica l ,  geo- 
chemical, and geophysical  methods, 
as well as d r i l l i n g ,  legal  con- 
s i d e r a t i o n s ,  and land-use factors 
involved i n  eva lua t ing  and devel- 
oping sites f o r  electrical power 
or d i r ec t  u t i l i z a t i o n .  

Environmental c o n s i d e r s  e f f e c t s  
to the  a i r ,  land ,  and water 
environments from geothermal 
development, e.g. ,  subsidence,  
hydrogen s u l f i d e .  

Phys ica l  Chemistry d e a l s  w i t h  t he  
basic thermodynamic and t r a n s p o r t  
data a t  e l eva ted  temperatures  and 
p r e s s u r e s  of sodium chloride and 
other sal ts .  

U t i l i z a t i o n  encompasses t he  
development and product ion of a 
geothermal r e s e r v o i r  for both 
electrical and n o n e l e c t r i c a l  u ses :  

space ,  process, and a g r i c u l t u r a l  
hea t ing ;  co r ros ion ,  e ros ion ,  and 
s c a l i n g .  

Numerical Data c o n t a i n s  site- 
. independent and s i te-dependen t 

t a b l e s ,  inc luding  a c o r r e l a t i o n  
equat ion  t h a t  reproduces N a C l  
v i s c o s i t y  data. 

. geothermal f l u i d  t r anspor t :  

i 

GEOTHERM 

GEOTHERM is the o p e r a t i o n a l  compu- 
t e r i z e d  f i l e ,  created by the  U.S. 
Geological Survey, of n a t i o n a l  and 
i n t e r n a t i o n a l  geothermal resource  

91 
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information.  The f i l e  is a v a i l a b l e  f i e l d .  Space is provided f o r  
to both government agencies  and t h e  
publ ic .  condensate ,  and r e s i d u a l  gas .  

O b j  ec t i v e s  : d i t i o n s ,  s o l u t e s ,  and i so topes .  

t h r e e  types of analyses--water,  

D a t a  items inc lude  sampling con- 

GEOTHERM creates and main ta ins  a 
computer d a t a  base of geothermal 
resource information (p r imar i ly  
phys i ca l  and chemical) .  The i n i t i a l  
g o a l s  were format development 
followed by f i l e  c r e a t i o n  involv ing  
d a t a  c o l l e c t i o n ,  keypunching, and 
e d i t i n g .  F i l e  maintenance c o n s i s t s  
of updating d a t a  i n  t h e  f i l e .  

Many of t h e s e  o b j e c t i v e s  have been 
met i n  part  or i n  whole. A f i l e  
format has  been r ev i sed  and accepted 
by p r o f e s s i o n a l s  i n  geothermal 
energy and a system for c o l l e c t i n g ,  
bu i ld ing ,  and e d i t i n g  t h e  d a t a  is 
ope ra t iona l .  A s  o f  November 1, 1977, 
t h e r e  were 14 ,000  r eco rds  from t h e  
United States,  Mexico, Republic of 
China, and N e w  Zealand. The GEOTHERM 
f i l e  is a v a i l a b l e  to p r i v a t e  indus t ry  
and government agencies .  

Scope : - 
GEOTHERM c o n t a i n s  s i te-dependent  
geothermal information.  The format 
inc ludes  t h r e e  subtopics :  Geother- 
m a l  Field/Area,  Chemical Analysis ,  
and Geothermal Well/Drillhole. 

Sec t ion  A: Geothermal Field/Area.  
This  topic inc ludes  data on 
l o c a l i t y ,  s u r f a c e  d e s c r i p t i o n ,  
developments, h e a t  f law, sub- 
s u r f a c e  temperatures  and dimen- 
s i o n s ,  p o r o s i t y ,  s t o r e d  heat 
c a l c u l a t i o n s ,  g e n e r a l  geophysics ,  
geology, and o t h e r  r e l a t e d  
information about a geothermal 
f i e l d  or area. The coverage 
is broad and s u b j e c t  to  change 
w i t h  t i m e .  

Sec t ion  B: Chemical Analysis .  
This  topic inc ludes  chemical 
a n a l y s i s  d a t a  from s u r f  ace and 
w e l l  samples of a geothermal 

Sec t ion  C: Geothermal Well/Dril l-  
ho le .  This  t o p i c  c o n t a i n s  phy- 
sical d a t a  f ram geothermal w e l l s  
and d r i l l h o l e s .  Data items in- 
c lude  l o c a t i o n ,  temperature ,  
pressure, enthalpy,  and w e l l  f l o w .  

B. U.S. DIRECT APPLICATIONS PROGRAM 

The d i r e c t  appl  icat  ions  program 
adminis tered by t h e  U.S. Department 
of Energy's Div is ion  of Geothermal 
Energy is aimed a t  s t i m u l a t i n g  
commercial development of geothermal 
resources .  A brief d e s c r i p t i o n  of 
t h e  program elements  is provided 
below: 

1. The l o w  temperature  resource 
assessment program involves  
coope ra t ive  agreements w i t h  
i n d i v i d u a l  states f o r  a s s e s s i n g  
t h e i r  r e s p e c t i v e  low-temperature 
resources and making t h i s  d a t a  
a v a i l a b l e  to  t h e  publ ic .  

2 . Mit iga t ion  of l e g a l  and i n s t i -  
t u t i o n a l  c o n s t r a i n t s  focuses  
on f e d e r a l  s ta tu tes ,  rules ,  
r e g u l a t i o n s ,  procedures ,  and 
f inanc ing  and i d e n t i f i e s  incen- 
t i v e s  to overcome o b s t a c l e s  to 
development. 

- 

3. The reg iona l  planning e f f o r t  
a t tempts  to determine t h e  over- 
a l l  p o t e n t i a l  f o r  development 
and to develop growth s c e n a r i o s  
for s p e c i f i c  sites. 

4. Engineering and economic s t u d i e s  
are designed to inc rease  t h e  
g e n e r a l  knowledge of t h e  poten- 
t i a l  f o r  d i r e c t  use of geo- 
thermal energy. Near-term 
commercial izat ion of d i r e c t  
a p p l i c a t i o n s  would be f u r t h e r e d  
by a d a t a  bank of t e c h n i c a l ,  
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environmental, inst it ut ional , 
and economic information. The 
first group of studies, which 
were initiated in 1976 and 1977, 
are nearly complete. These pro- 
jects included eight studies on 
process heating, two aquaculture 
projects, three agricultural 
applications , three district 
heating concepts, and one school 
space heating study.Figures 1 
and 2 show examples of direct 
applications of geothermal 
energy at Susanville, California. 

5. Field demonstrations of several 
different applications at geo- 
graphically-diverse sites are 
being funded in fiscal year 
1978. These demonstrations, 
which will be undertaken on 
a cost-sharing basis by the 
government and the private 
sector, will provide actual 
operating experience and assess 
the economic feasibility of 
using geothermal energy directly 
in place of conventional fuels. 

In addition to the award of contracts 
for particular demonstration pro- 
jects, the direct applications pro- 
gram also includes general technical 

Figure 1. A swimming pool 
in Susanville, California 
heated by geothermal energy. 

(CBB 785-6034) 

Figure 2 .  Tomatoes grown in 
a geothermally heated green- 
house. (BBC 785-6036) 

assistance and information for 
potential users. 

STATUS OF CURRENT ENGINEERING AND 
ECONOMIC STUDIES 

Results of the first series of 
engineering and economic studies 
were presented at the symposium 
sponsored by the Geothermal Resources 
Council and DOE/DGE on Direct Util- 
ization of Geothermal Energy in 
San Diego, January 31-February 2, 
1978 (Reference 1). Some highlights 
are given b e l o w :  

1. A study on absorption refri- 
geration in the food processing 
industry found that a topping 
cycle can be used with geother- 
mal resources'as a refrigeration 
cycle and identified the geo- 
thermal fluid temperature re- 
quired for different absorption 
refrigeration cycle working 
fluids . 

2. A general study on the evapor- 
ation and crystallization in- 
dustry made technical and eco- 
nomic evaluations of direct 
geothermal applications for 
three selected industries: 
preserved fruits and vegetables 
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(tomato pas t e  process ing)  , 
sugar  and confec t ionary  products  
(sugar  b e e t  r e f i n i n g ) ,  and 
t h e  chemical i ndus t ry  ( sod ium 
c h l o r i d e  product ion) .  The 
f a c t o r s  t h a t  most a f f e c t  cost 
inc lude  geothermal resource  
c h a r a c t e r i s t i c s  ( w e l l  flow, 
temperature, and d i s t a n c e  of 
t r a n s p o r t a t i o n ) ,  t h e  du ra t ion  
of t h e  evapora t ion /crys ta l -  
l i z a t i o n  process ,  and t h e  energy 
e x t r a c t  ion process  chosen. The 
feed-and-bleed e x t r a c t i o n  pro- 
cess proved supe r io r  to s imple ' 

f l a shed  steam and l i q u i d - l i q u i d  
h e a t  exchange, p r i m a r i l y  because 
of its lesser f l u i d  flow re- 
q u i  remen t. 

3.  A s tudy  on geothermal energy 
i n d u s t r i a l  complexes has  found 
t h a t  i n  t h e  near f u t u r e  
geothermal energy can be used to 
make  forest  products i n  t h e  
Northwest,  caus t i c / ch lo r  ine  
products  i n  C a l i f o r n i a ,  and co rn  
products  i n  Idaho. Other high- 
p o t e n t i a l  i n d u s t r i e s  i nc lude  
soda ash  product ion i n  C a l i f o r n i a  
and alumina compound/potassium 
s u l f a t e  and soda ash /sha le  oi l /  
alumina complexes i n  c e n t r a l  
Utah. 

4 .  A s tudy  a s s e s s i n g  t h e  p o t e n t i a l  
f o r  use of geothermal h e a t  i n  
t h e  sugar  r e f i n i n g  i n d u s t r y  
found t h a t  geothermal energy 
supply costs are compet i t ive  
w i t h  f o s s i l  f u e l s  for conceptua l  
des ign  of  a cascade system 
based on an e x i s t i n g  p l a n t  i n  
C a l i f o r n i a .  

5 .  A s tudy  of geothermal space and 
water hea t ing  a t  a small C a l i -  
f o r n i a  resort community (Mammoth 
Lakes  V i l l age )  determined t h a t  
whi le  i n i t i a l  annual  hea t ing  
costs are higher  than  w i t h  con- 
ven t iona l  energy costs due to  
seasona l  peak hea t ing  needs, an 
investor-owned geothermal 

d i s t r ic t  hea t ing  system can 
provide less c o s t l y  hea t ing  
a f t e r  only s i x  y e a r s  of oper- 
a t i o n .  

The r e s u l t s  of t hese  t e c h n i c a l  and 
economic s t u d i e s  w i l l  p rovide  a use- 
f u l  base of experience f o r  related 
p r o j e c t s .  Addi t iona l  s t u d i e s  and a 
series of f i e l d  experiments are 
planned f o r  t h e  next  s e v e r a l  yea r s .  
I t  is hoped t h a t  t h i s  i n i t i a l  w o r k  
w i l l  p rovide  t h e  needed impetus to 
e s t a b l i s h  a v i a b l e  n o n e l e c t r i c  
i ndus t r  y . 
C. U.S. INJECTION PROGRAM 

I n j e c t i o n  of spent  geothermal f l u i d s  
has  been recognized as t h e  b e s t  
method of disposal  for t w o  major 
reasons  : ( 1) env i r  onmen t a l  
c o m p a t i b i l i t y ,  and (2 )  r e s e r v o i r  
enhancement. Disposal of geothermal 
f l u i d s  of varying chemical con ten t  
by s u r f a c e  techniques  can create 
many environmental  problems. How- 
eve r ,  waste f l u i d s  from hydrothermal 
systems can be i n j e c t e d  back i n t o  
t h e  same system from which they  
are withdrawn or i n t o  one similar 
to it. I n j e c t i o n  w i l l  reduce or 
even poss ib ly  e l i m i n a t e  subsidence 
t h a t  may o c c u r  i n  a producing geo- 
thermal  f i e l d .  I n j e c t i o n  may also 
help to extend t h e  l i f e  of a reser- 
v o i r  through t h e  emplacement of 
f l u i d  back i n t o  t h e  geothermal 
system. 

However, t h e r e  are c e r t a i n  problems 
a s s o c i a t e d  wi th  i n j e c t i o n  of geo- 
thermal f l u i d s .  I n  s e v e r a l  docu- 
mented cases, mineral  d e p o s i t s  have 
plugged i n j e c t i o n  wells. There is 
also evidence t h a t  i n j e c t i o n  may 
cause low magnitude seismic a c t i v i t y  
i n  t h e  i n j e c t i o n  area or the  contam- 
i n a t i o n  of aquifers.  

V a r i o u s  i n v e s t i g a t i o n s  are  being 
carried o u t  to answer some of t h e  
ques t ions  r e l a t i n g  to  i n j e c t i o n .  
The programs can be grouped i n t o  
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three major categories: (1) Reser- 
voir Engineering, (2 )  Brine Chem- 
istry, and ( 3 )  Environmental Effects. 

Injection investigations in the 
United States related to Reservoir 
Engineering are primarily concerned 
with predicting the effects of in- 
jecting fluids back into geothermal 
systems. This is a complex problem 
because it involves the flow of 
fluid in a porous fractured medium 
with thermodynamic and rock/fluid 
interactions. It is also difficult 
to evaluate the effects of injection 
on the distribution of temperature 
and pressure within the geothermal 
system. While the injected fluid 
may provide recharge and increase 
production, it may conversely have 
the detrimental effect of lowering 
reservoir temperature. Many of the 
investigations being conducted on 
various geothermal reservoirs are 
designed to investigate these possi- 
bilities and develop mathematical 
models which predict the effects of 
injection, given different develop 
ment plans. One example of such an 
investigation is at the East Mesa 
field, shown in Figure 3 .  

At present, investigations are being 
carried out at several geothermal 
Sites. The Lawrence Berkeley 
Laboratory is studying the injection 
effects at Larderello, Italy; Cerro 
Prieto, Mexico; and Imperial Valley, 
California. These investigations 
are designed to provide information 
on both vapor-dominated systems and 
high- tempe rature , liqu id-domina ted 
systems. The Lawrence Livermore 
Laboratory has been conducting in- 
vestigations for several years on 
the injectability of high salinity 
brines at Niland, California. The 
Idaho National Engineering Laboratory 
has begun a program to investigate 
the effects of injecting medium 
temperature fluids at Raft River, 
Idaho. The Geysers area of Cali- 
fornia is another geothermal field 
where the effects of injection have 

been studied. Extensive information 
relating to injection of fluids 
into a steam-dominated system has 
been gathered at this site. 

The chemistry of geothermal fluids 
plays a critical role in the success 
of injection. The’problems of scale 
deposition in injection wells has 
been well documented. A major effort 
is being undertaken by the Division 
of Geothermal Energy (DGE) to solve 
the problems of scale build-up both 
in the wells and/or in the formation. 
These include projects investigating 
scale formation and suppression, 
waste utilization, chemical control 
and instrumentation development for 
detection and monitoring of fluid 
chemistry and scale deposition. The 
emphasis of the program is directed 
at identification of energy systems , 
their geochemical engineering op- 
erations, management of the chemical 
process fluid and appropriate waste 
materials control equipment. Another 
program is addressing the problem 
of injection stimulation and is 
designed to develop g eother ma 1 
fluid reinjection techniques that 
will minimize clogging of injection 
wells. All of these investigations 
are being conducted through various 
national laboratories and outside 
contracts. The national laborator- 
ies involved include Lawrence 
Berkeley Laboratory, Los Alamos 
Scientific Laboratory, and Battelle 
Pacific Northwe st Laboratory. 

Another program within DGE involves 
the environmental effects of geo- 
thermal fluid disposal through in- 
jection. This program w i l l  address 
the engineering specifications, 
equipment operating procedures and 
potential hazards of waste disposal 
through injection. Specific methods 
which will be examined include: 
(1) injection at the producing 
horizon, ( 2 )  injection in a non- 
producing horizon, ( 3 )  treatment 
and injection, and ( 4 )  injection to 
enhance additional fluid production. 
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Figure 3.  An aerial view of the East Mesa Geothermal Test 
Facility (photo by the Bureau of Reclamation). 

(XBB 785-6274) 

Investigations are under way to 
determine the environmental effects 
of injection under each of the above 
categories. The U.S. Geological 
Surveyf through a cooperative pro- 
ject with DGEf is studying the 
possibility of induced seismicity 
as related to both production and 
injection at The Geysers geothermal 
area. Planned studies will include 
the investigation of subsidence 
control through injection of geo- 
thermal fluids. These projects 

are included in an overall subsidence 
program being managed by Lawrence 
Berkeley Laboratory. 

D. JOINT US.-MEXICAN PROGRAM 
OF RESOURCE INVESTIGATIONS 
AT CERRO PRIETO 

INTRODUCTION 

Cerro Prieto (see Figure 4) was among 
the first liquid-dominated geothermal 
systems in the world to be developed, 
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Figure  4.  Steam pipes from product ion wells to  the  75-MWe geothermal 
power p l a n t  a t  Cerro P r i e t o ,  Mexico. (CBB 771-9594) 

and an emerging r e s e r v o i r  h i s t o r y  is 
a v a i l a b l e  f o r  analyzing t h e  behavior 
of t h i s  system. Under the  U.S.- 
Mexican Bi la teral  Agreement, many of  
t h e  techniques used i n  t h e  eva lua t ion  
of geothermal systems w i l l  be r e f ined  
and improved through t h e i r  appl i -  
c a t i o n  a t  Cerro P r i e t o .  Better 
r e s e r v o i r  engineer ing techniques can 
c o n t r i b u t e  to t h e  eva lua t ion  of geo- 
thermal prospec ts  being developed, 
throughout t h e  world. I t  is hoped 
t h a t  t h e  coopera t ive  e f f o r t  by t h e  
United States and Mexico w i l l  accel- 
erate geothermal development i n  both 
these c o u n t r i e s  and encourage tech- 
n i c a l  co l l abora t ion  among o the r  
c o u n t r i e s  i n  t h e  area of geothermal 
energy. 

OBJECTIVES 

The o b j e c t i v e s  of coopera t ive  inves- 
t i g a t i o n s  a t  Cerro P r i e t o  are (1) to 
develop a thorough understanding of 

@ 

t h e  na tu re  and magnitude of t h e  
energy resource ,  (2 )  to i n v e s t i g a t e  
how t h e  geothermal system can  best be 
developed c o n s i s t e n t  w i th  t h e  long- 
range needs of t h e  Comisi6n Fede ra l  
de E l e c t r  icidad, and (3)  to determine 
t h e  su r f  ace and subsurf ace environ- 
mental  impact of such development. 
By working toge the r ,  Mexican and 
American geothermal teams w i l l  be 
able to i n v e s t i g a t e  and develop 
methods of understanding and e x p l o i t -  
ing geothermal resources a t  Cerro 
Prieto t h a t  can produce b e n e f i t s  on 
both  sides of t h e  border. The 
l o c a t i o n  of geothermal wells i n  t h e  
Cerro P r i e t o  f i e l d  is i l l u s t r a t e d  
i n  F igure  5.  An understanding of 
t h e  subsur face  system a t  Cerro 
Pr ie to  and t h e  manner i n  which t h e  
r e s e r v o i r  can be analyzed and ex- 
p l o i t e d  is d i r e c t l y  a p p l i c a b l e  to 
t h e  s e v e r a l  geothermal anomalies 
a l r eady  i d e n t i f i e d  i n  t h e  Imper ia l  
Valley.  The proposed program w i l l  
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Figure  5.  Location of geo- 
thermal  w e l l s  i n  t h e  Cerro 
P r i e t o  f i e l d ,  Mexico. 

(XBL 783-7889) 

involve t h e  u s e  of new instrumen- 
t a t i o n  f o r  ga ther ing  r e s e r v o i r  data, 
a p p l i c a t i o n  of precise methods of 
measuring land movements, t h e  u s e  
of mathematical models i n  p r e d i c t i n g  
t h e  f u t u r e  behavior of t h e  geother-  
m a l  systems, and development of 
a s t r a t e g y  f o r  i n j e c t i o n  of waste 
b r ine .  

THE PROGRAM 

The Mexican Comisi6n Fede ra l  de 
E l e c t r i c i d a d  (CFE) and t h e  United 
S t a t e s  Department of Energy (DOE) 
w i l l  act  as t h e  l e a d  agencies  f o r  
implementing t h e  t a s k s  s p e c i f i e d  i n  
t h e  b i la te ra l  agreement. Other 
agencies  involved i n  t h e  p r o j e c t  
through CFE or DOE inc lude  Direcc i6n  
General de Es tudios  D e l  Terri torio 
Nacional (DETENAL) and Centro de 
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Inves t igac ibn  C i e n t i f  ica y EducaciGn 
Superior de Ensenada (CICESE) from 
Mexico, and t h e  United States Geo- 
l o g i c a l  Survey, t h e  Lawrence Berkeley 
Laboratory,  and t h e  Un ive r s i ty  of 
C a l i f o r n i a  a t  Rivers ide  from t h e -  
United States.  

Seven t a s k s  are s p e c i f i e d  i n  t h e  
Mexican-United States b i l a t e r a l  
agreement f o r  coopera t ive  research  
a t  Cerro Prieto. They are: 

Task l--Geology and Hydrology. 
C o l l e c t ,  analyze and eva lua te  
t h e  a v a i l a b l e  geo log ica l ,  geo- 
chemical,  and r e s e r v o i r  inform- 
a t i o n  f o r  d e f i n i t i o n  of t h e  geo- 
thermal system's geologic  
s t r u c t u r e .  

Task 2--Geophysics. Define the 
l i m i t s  and g r o s s  structure of 
t h e  f i e l d  i n  order to  better 
understand t h e  func t ion ing  of 
the  geothermal system and to 
monitor r e s e r v o i r  behavior during 
product ion through s u r f a c e  geo- 
phys ica l  techniques.  

Task  3--Reservoir Engineering. 
Define t h e  s i z e ,  geometry, phy- 
sical  c h a r a c t e r i s t i c s ,  f l u i d  
capac i ty ,  recharge c a p a b i l i t y ,  
product ion a b i l i t y  and energy 
longev i ty  of t h e  r e se rvo i r .  

Task  4--Injection. Ver i fy  
a n a l y t i c a l  models of r e s e r v o i r  
behavior under e x p l o i t a t i o n  and 
r e i n j e c t i o n  and analyze 
hydrodynamics, thermodynamics and 
subsidence e f f e c t s  . 
T a s k  5--Isotopic Analysis .  
Determine t h e  o r i g i n  of t h e  
geothermal f l u i d s  and t h e  possible 
recharge sources and rates. 

Task  6--Subsidence. E s t a b l i s h  and 
maintain a j o i n t  c r u s t a l - s t r a i n  
monitoring program i n  t h e  Mexicali  
Val ley through v e r t i c a l  and hor- 
i z o n t a l  measurements. 
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Task  7--Cerro P r i e t o  Conferences. 
Ensure accu ra t e  i n t e r p r e t a t i o n  
of research  information and 
encourage its a p p l i c a t i o n  a t  
o t h e r  geothermal developnent 
sites. 

The Bi la te ra l  Agreement was signed 
i n  J u l y  1977. The f i r s t  meeting, 
he ld  a t  Lawrence Berkeley Laboratory 
i n  September, was f o r  t h e  purpose 
of exchanging information on what 
is known a b o u t  t h e  Cerro Prieto 
geothermal system and coord ina t ing  
f u t u r e  a c t i v i t i e s  wi th  r e spec t  to 
t h e  i n d i v i d u a l  t asks .  Other ac t iv -  
i t ies  r e l a t i n g  to t h e  Agreement 
were i n i t i a t e d  immediately a f t e r  
s ign ing  of t h e  agreement and are 
being c a r r i e d  o u t  a t  t h e  p r e s e n t  
t h e .  These inc lude  Task  5 ,  iso- 
t o p i c  a n a l y s i s ,  being c a r r i e d  o u t  
by t h e  U . S .  Geological  Survey, and 
Task  1, c o l l e c t i o n  of geo log ica l  
and hydro logica l  information (Ref- 
e r ences  2-4) . I n i t i a l  coord ina t ion  
through p lanning  meet ings and/or on- 
s i te v i s i t s  have been accomplished 
f o r  t h e  remainder of t h e  tasks. A 
second gene ra l  meeting, sponsored 
by t h e  CFE, was he ld  i n  Baja C a l i -  
f o r n i a  i n  November to exp la in  t h e  
program to other Mexican agencies  
and s c i e n t i s t s .  A major po r t ion  of ' 

t h e  w o r k  i n  Cerro Prieto w i l l  be 
conducted dur ing  f iscal  y e a r s  1978 
and 1979. 

Two conferences are t e n t a t i v e l y  
scheduled i n  f i s c a l  year  1978 to  
exchange information on t h e  progress  
of  coope ra t ive  a c t i v i t i e s .  

Thus f a r ,  t h e  Bi la teral  Agreement 
has  provided a very  e f f e c t i v e  l i n k  
between t h e  U . S .  and Mexican sci- 
e n t i s t s  i n  t h e i r  coopera t ive  inves- 
t i g a t i o n s  a t  Cerro P r i e t o .  The 
t e c h n i c a l  program is expected to 
be completed by 1980-81, and t h e  
r e s u l t s  w i l l  c o n t r i b u t e  substan-  
t i a l l y  to t h e  ref inement  of models 
f o r  t h e  S a l t o n  Trough, d e f i n i t i o n  
of t h e  geothermal p o t e n t i a l  f o r  

both Cerro P r i e t o  and Imper ia l  
Val ley,  and methods of monitor ing 
and p r e d i c t i n g  r e s e r v o i r  behavior.  
I n  a d d i t i o n ,  a r eg iona l  network 
of s t a t i o n s  f o r  f i r s t - o r d e r  l e v e l i n g  
and t r i l a t e r a t i o n  w i l l  be esta- 
b l i shed ,  t y ing  subsidence measuring 
e f f o r t s  a l r e a d y  being carried o u t  
by t h e  Mexicans a t  Cerro Prieto 
i n t o  t h e  American work  being c a r r i e d  
o u t  i n  t h e  Imper ia l  Val ley.  

E. US. WELLHEAD GENERATOR P R O G R A M  

The U . S .  Department of Energy's 
Div is ion  of  Geothermal Energy has 
t h r e e  c u r r e n t  a c t i v i t i e s  related to 
electric power product ion from 
wellhead genera tors :  

1. a m a r k e t  survey ,  

2. a demonstrat ion of a 1.2-MWe 
helical  screw expander , and 

3 .  a planned demonstrat ion of a 
3-MW flash-steam t u r b i n e  
genera tor .  

The f i r s t  t w o  of t h e s e  w i l l  be 
completed dur ing  t h e  p r e s e n t  f i s c a l  
year ;  t h e  f l a s h  steam system w i L l  
be t e s t e d  dur ing  f i s c a l  y e a r s  1979 
and 1980. 

The m a r k e t  survey is based upon a 
t echn ica l  and economic a n a l y s i s  of 
t h e  state-of-the-art g e n e r i c  well- 
head conversion system coupled wi th  
in te rv iews  of r e p r e s e n t a t i v e s  of 
va r ious  f i rms  characterist ic of t h e  
i n d u s t r y  ( u t i l i t i e s ,  a r c h i t e c t -  
engineers ,  equipment manufacturers ,  
and resource  deve lopers ) .  A syn- 
t h e s i s  of t h e  information from t h e  
in t e rv i ews  and s tudies  w i l l  be 
developed and an estimate of t h e  
m a r k e t  p o t e n t i a l  w i l l  be made. 

A four-month demonstration test  o f  
a 1.2-MWe h e l i c a l  screw expander 
began a t  Roosevel t  H o t  Spr ings ,  
Utah, beginning i n  A p r i l  1978 (see 
Figure  6). The skid-mounted u n i t ,  
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Figure 6 .  Prototype of the he l ica l  screw expander now 
being tested a t  Roosevelt  Springs,  Utah. 

(XBB 785-6280) 

which has  passed acceptance tests , 
w i l l  be operated i n  a non-condensing 
mode over a wide range of the  per for -  
mance map to demonstrate both e f f i -  
c iency and r e l i a b i l i t y .  Upon suc- 
c e s s f u l  conclusion of t h e  demonstra- 
t i o n  tests, t h e  machine is expected 
to be su i tab le  f o r  commercial u s e .  

The t h i r d  element of t he  program 
involves  t h e  purchase,  i n s t a l l a t i o n  
and ope ra t ion  of a f l a s h  steam 
t u r b i n e  provid ing  approximately 
3 MWe to a u t i l i t y  g r i d .  The test 
w i l l  be conducted on a w e l l  pre- 
v ious ly  d r i l l e d  by t h e  f e d e r a l  
government f o r  geothermal resource 
assessment purposes.  It  is expected 
t h a t  t h e  system w i l l  p rovide  base 
load power t h a t  is economic, reli-  
a b l e  and environmental ly  acceptable .  

A condensing t u r b i n e  and appropriate 
H2S abatement system w i l l  ensure  
minimum environmental  impact. 

The sum of t h e s e  t h r e e  program 
elements is expected to accelerate 
geothermal development by esta- 
b l i s h i n g  t h e  f e a s i b i l i t y  and d e s i r -  
a b i l i t y  of unattended ope ra t ion  of  
small power p l a n t s ,  which produce an 
e a r l y  r e t u r n  on d r i l l i n g  investment,  
provide va luable  r e s e r v o i r  engineer- 
ing  d a t a ,  demonstrate equipment 
compa t ib i l i t y  w i t h  geothermal f l u i d s  
and demonstrate t he  a b i l i t y  to cope 
w i t h  environmental  r egu la t ions .  
Subsequent development of promising 
geothermal f i e l d s  may then fol low 
e i t h e r  wi th  a c e n t r a l  s t a t i o n  power 
p l a n t  s t r a t e g y  or an incremental  
wellhead development s t r a t e g y  wi th  
minimum r i s k  to t h e  inves tor .  
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F. U.S. HOT DRY ROCK PROGRAM 

The h o t  d ry  rock resource  base is 
def ined  by t h e  U.S. Department.of 
Energy (DOE) as  t h a t  p o r t i o n  of t h e  
unmelted c r u s t a l  r o c k  t h a t  under- 
l i e s  t h e  United States a t  depths  
less than  10 kilometers and a t  
temperatures  h igh  enough to be 
u s e f u l  f o r  electric genera t ion  
or direct use  as h e a t  b u t  t h a t  
does no t  spontaneously produce ho t  
water or steam a t  a rate adequate  
f o r  economic e x t r a c t i o n .  

The resource  base is extremely 
l a r g e ,  and its magnitude d i c t a t e s  
a program to determine i f  it can 
be economically exp lo i t ed  i n  com- 
p e t i t i o n  wi th  o the r  energy sources  
such as coal and solar. Exploi t -  
able h o t  d r y  rock r e s e r v o i r s  occur 
i n  t w o  p r i n c i p a l  geo log ica l  envi- 
ronments: areas of r ecen t  volcan- 
i s m  and r eg iona l  conduct ive environ- 
ments. I n  t h e  c r y s t a l l i z e d  parts 
and h o t  margins of igneous systems, 
it is es t ima ted  t h e r e  e x i s t s  a 
h e a t  con ten t  of about  190,000 quads 
(1 quad = 1015 Btu) above a r e fe rence  
temperature  of 3OO0C a t  v a r i a b l e  
depth b u t  g e n e r a l l y  less than  1 0  km. 
I n  r eg iona l  conduct ive environments,  
t h e  geothermal g r a d i e n t s  are gener- 
a l l y  lower than i n  volcanic regions,  
and depths to u s e f u l l y  ho t  r o c k  are 
correspondingly lower. Here aga in ,  
a t  depths  less than  10 km b u t  a tem- 
peratures above 15OC, t h e  heat mn-  
t e n t  is es t ima ted  to be 31,750,000 
quads. 

The percentage  of t h e  resource base 
that might u l t i m a t e l y  be economically 
recoverable  i n  t h e  United States is 
h igh ly  s p e c u l a t i v e ,  b u t  i f  it e r e  
as h igh  as two pe rcen t  then  t h e  
energy recoverable  from ho t  d ry  
rock would be a b o u t  260,000 quads 
a t  temperatures  above 15OOC. 

@ I n  a d d i t i o n  to t h e  s i z e  of t h e  
resource base, another  major incen- 
t i v e  f o r  h o t  d ry  rock is t h e  

p o t e n t i a l  f l e x i b i l i t y  of s e l e c t i n g  
sites near major load c e n t e r s .  T h i s  
would be p a r t i c u l a r l y  important  i n  
t h e  e a s t e r n  United States, which is 
remote from good hydrothermal s i tes  
and where r e c e n t  DOE-sponsored 
s t u d i e s  i n d i c a t e  ho t  d ry  rock 
resources  i n  commercially e x p l o i t -  
a b l e  q u a n t i t i e s  may e x i s t .  

The h o t  d ry  program of t he  U.S. 
Department of Energy has  t w o  main 
goa l s .  One is to e s t a b l i s h  t he  
t e c h n i c a l  f e a s i b i l i t y  of the  hydrau- 
l i c a l l y  f r a c t u r e d  h o t  d ry  rock 
system f o r  impermeable rock by 1980. 
The o t h e r  is to confirm the  techni-  
cal  f e a s i b i l i t y  and to o b t a i n  eco- 
nomic d a t a  for h o t  d ry  r o c k  energy 
e x t r a c t i o n  systems i n  t h e  commercial 
s i z e  range by 1985. I n  1976, 1977 
and 1978, t h e  program was funded a t  
a l e v e l  of around $ 5  m i l l i o n  per  y e a r ,  
b u t  the P r e s i d e n t ' s  1979 budget sub- 
mission to  t h e  U.S. Congress asked 
for an inc rease  to $12 milli .on.  

The U.S. h o t  d r y  r o c k  program began 
i n  1972 with  t h e  d r i l l i n g  of a s l i m  
geothermal test  ho le  to a depth of  
785 m on t h e  edge of t he  Valles 
Caldera ,  a s i te  west of t h e  L o s  
A l a m o s  S c i e n t i f i c  Laboratory (LASL) 
a t  Los  Alamos, N e w  Mexico. Here 
over the next  f i v e  y e a r s ,  t h e  Lab- 
o r a t o r y  proceeded to develop t h e  
technologies  r equ i r ed  f o r  t h e  h o t  
d r y  r o c k  energy system, such as  
f r a c t u r e  mapping, borehole  l o c a t i n g  
and ranging equipment, open ho le  
packers, d i r e c t i o n a l  d r i l l i n g  pro- 
cedures and devices ,  and logging 
ins t ruments ,  a l l  f o r  ope ra t ion  a t  
high temperatures .  The s p e c i f i c  
concept  pursued a t  LASL requires 
t h e  d r i l l i n g  of a deep borehole i n  
impermeable rock to a t t a i n  high 
temperatures ,  c r e a t i o n  of a l a r g e  
hydrau l i c  f r a c t u r e ,  and t h e  d r i l l i n g  
of a second borehole to i n t e r s e c t  
t h e  f r a c t u r e .  Water is pumped 
down one ho le  and h o t  water or 
steam e x t r a c t e d  from t h e  o the r .  
Such a system was s u c c e s s f u l l y  



achieved i n  t h e  summer of 1977 a t  
t h e  Los A l a m o s  s i te ,  a t  an approxi- 
mate depth of 3 km and wi th  a maxi- 
mum rock temperature of n e a r l y  2OO0C 
(see Figure  7). 

Based on t h i s  success ,  h e a t  ex- 
changers,  pumps and necessary  p ip ing  
were added to form a c losed  loop 
system and i n  t h e  f a l l  of 1977 a 
100-hour i n i t i a l  test  a t  a nominal 
3 M W t  was conducted. I n  o rde r  to 
determine t h e  mechanical,  p h y s i c a l  
and chemical properties of t h e  
r e s e r v o i r  and t h e  h e a t  exchange 
system, t h e  Laboratory began i n  
January  1978 to operate t h e  system 
cont inuous ly  i n  a tes t  run for 
a pe r iod  of about  2100 hours.  
I f  t h i s  test is s u c c e s s f u l ,  there 
w i l l  be new d r i l l i n g  f o r  a 100-MWt 
exper imenta l  system which would 
provide  unique and u s e f u l  informa- 
t i o n  on the  des ign  and c o n s t r u c t i o n  
o f  a small-scale electric gene ra t ing  
p l a n t .  

F igure  7. Schematic of t h e  LASL 
hot  d r y  rock geothermal concept 
a t  t h e  Fenton H i l l  e x t r a c t i o n  
loop. (XBL 785-8748) 
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I n  par t  because of these accomplish- 
ments, DOE has  i n i t i a t e d  i n  1978 
a c t i v i t i e s  toward a n a t i o n a l  h o t  d r y  
r o c k  program. This  expansion of t h e  
program w i l l  inc lude  r e source  
assessment and c h a r a c t e r i z a t i o n  on a 
n a t i o n a l  scale through reconnais- 
sance  and exp lo ra t ion .  Add i t iona l  
h e a t  e x t r a c t i o n  tests w i l l  be per- 
formed to e s t a b l i s h  t e c h n i c a l  and 
economic f e a s i b i l i t y  i n  other geo- 
logical s e t t i n g s .  A s  appropriate, 
a number of p i l o t  and demonstration 
p l a n t s  f o r  electric power g e n e r a t i o n  
or d i r e c t  h e a t  a p p l i c a t i o n s  w i l l  
be developed. 

@ 
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