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ABSTRACT 

Geothermal r e s e r v o i r  e n g i n e e r i n g  i s  an 
i m p o r t a n t  aspec t  o f  t h e  Department o f  
Energy ’s  Geothermal Technology D i v i s i o n ,  
geothermal  r e s e a r c h  and development program. 
R e s e r v o i r  eng i  n e e r i  n g - r e 1  a t e d  research ,  a 
component o f  a l l  geosc iences a c t i v i t i e s ,  i s  
of p a r t i c u l a r  impor tance i n  t h e  c o n t e x t  o f  
Hydrothermal  R e s e r v o i r  Research. Three 
c l o s e l y  r e l a t e d  r e s e a r c h  a c t i v i t i e s  ( B r i n e  
I n j e c t i o n ,  R e s e r v o i r  D e f i n i t i o n ,  and Ca ldera  
R e s e r v o i r  I n v e s t i g a t i o n s )  a r e  now combined 
under  t h e  more genera l  head ing  o f  R e s e r v o i r  
Techno1 ogy . S c i e n t i f i c  i n v e s t i g a t i o n s ,  as 
p a r t  o f  t h e  S a l t o n  Sea S c i e n t i f i c  D r i l l i n g  
Program, a l s o  c o n t r i b u t e  g r e a t l y  t o  t h e  
u n d e r s t a n d i n g  o f  t h e  b e h a v i o r  o f  h i g h -  
tempera ture  hydro thermal  c o n v e c t i o n  systems. 
W i t h  t h e  c r e a t i o n  o f  t h e  Geothermal Tech- 
n o l o g y  O r g a n i z a t i o n ,  where geothermal  
r e s e a r c h  w i l l  be c o s t - s h a r e d  w i t h  i n d u s t r y ,  
i t  i s  a n t i c i p a t e d  t h a t  a number o f  r e s e a r c h  
t o p i c s  w i l l  be b r o u g h t  t o  t h e  p o i n t  where t h e  
geothermal  i n d u s t r y  can r a p i d l y  p u t  new 
t e c h n o l o g y  i n t o  use. 

OVERV I EW 

Proqram 0 b . i e c t i v e s  

The U.S. Department o f  Energy ’s  (DOE) 
geothermal  r e s e a r c h  and development programs, 
a d m i n i s t e r e d  t h r o u g h  t h e  Geothermal Tech- 
no logy  D i v i s i o n  (GTD),  have been o r g a n i z e d  t o  
ach ieve  two m a j o r  o b j e c t i v e s .  F i r s t ,  i s  t o  
advance t h e  s t a t e  o f  t h e  a r t  o f  t h e  t e c h -  
no1 ogy t o  e x p l o i t  hydro thermal  resources .  
The c u r r e n t  emphasis i s  on geosc ience and 
energy c o n v e r s i o n  t e c h n o l o g y  R & D t h a t  w i l l  
i n c r e a s e  t h e  e f f e c t i v e n e s s  o f  second genera-  
t i o n  f l a s h  and b i n a r y  e l e c t r i c  systems. The 
per formance g o a l s  t o  meet t h i s  o b j e c t i v e  are :  

1. Expand t h e  c u r r e n t  knowledge o f  h y d r o -  
thermal  r e s e r v o i r s  and improve r e s e r v o i r  
a n a l y s i s  t e c h n i q u e s  t o  reduce t h e  
u n c e r t a i n t y  o f  p r e d i c t i n g  r e s e r v o i r  
per formance by a f a c t o r  o f  5 .  

Develop techn iques  f o r  m o n i t o r i n g  f l u i d  
m i g r a t i o n  t o  enab le  b e t t e r  management o f  
t h e  r e c h a r g i n g  o f  hydro thermal  r e s e r v o i r s  

2. 

so as t o  i n c r e a s e  r e s e r v o i r  l i f e t i m e s  by 
a f a c t o r  o f  2 .  

Cont inue l a b o r a t o r y  r e s e a r c h  and f i e l d  
t e s t i n g  o f  improved d r i l l i n g  components 
t h a t  w i l l  reduce t h e  c o s t  o f  geothermal 
w e l l s  by 20 p e r c e n t .  

Cont inue r e s e a r c h  t o  improve t h e  e f f i c i -  
ency o f  b i n a r y  c y c l e  systems by 30 
p e r c e n t .  

3 .  

4 .  

The second m a j o r  o b j e c t i v e  i s  t o  p r o v i d e  t h e  
t e c h n i c a l  b a s i s  t h a t  w i l l  a l l o w  i n d u s t r y  t o  
make inves tment  d e c i s i o n s  i n  t h e  f u t u r e  
r e g a r d i n g  t h e  development o f  unconvent iona l  
geothermal  energy resources  - -  geopressured 
G u l f  Coast s t r a t a  c o n t a i n i n g  h o t  b r i n e  and 
d i s s o l v e d  methane, h o t  l o w - p e r m e a b i l i t y  r o c k  
( h o t  d r y  r o c k ) ,  and h i g h - l e v e l  s i l i c i c  magma 
bod ies  i n  t h e  western  U.S. These “advanced” 
r e s o u r c e  t y p e s  have t h e  p o t e n t i a l  f o r  c o n t r i -  
b u t i n g  s i g n i f i c a n t l y  t o  t h e  r e g i o n a l  and 
n a t i o n a l  energy p i c t u r e .  The DOE/GTD i s  
p u r s u i n g  r e s e a r c h  o f  t h e s e  more advanced 
forms o f  geothermal  energy,  ahead o f  i n -  
d u s t r y ,  due t o  t h e  h i g h  r i s k s  and u n c e r t a i n t y  
i n v o l v e d  w i t h  i n i t i a l  development work. The 
per formance g o a l s  s e t  f o r  t h e  advanced 
r e s o u r c e s  programs are :  

1. GeoDressured-Geothermal - Development o f  
a c c u r a t e  r e s e r v o i r  per formance models and 
energy e x t r a c t i o n  t e c h n o l o g i e s  capable o f  
20 p e r c e n t  thermal  e f f i c i e n c y .  

2. Hot  D r y  Rock - Develop t h e  necessary 
t e c h n o l o g y  t o  e x t r a c t  energy f rom h o t  
l o w - p e r m e a b i l i t y  r o c k  th rough a man-made 
f r a c t u r e d  r e s e r v o i r  and m a i n t a i n  t h e  
thermal  drawdown a t  l e s s  t h a n  10 p e r c e n t  
o v e r  a I O - y e a r  p e r i o d .  

Maqma - Develop t e c h n o l o g y  t o  a c c u r a t e l y  
l o c a t e  and o u t l i n e  a magma body, and 
e x t r a c t  thermal  energy t o  p r o v i d e  m u l t i -  
y e a r  thermal  r e c o v e r y  d a t a .  

O r q a n i z a t i o n  and FY 1987 Budqet 

The DOE/GTD geothermal  program has been 
o r g a n i z e d  f u n c t i o n a l l y  i n t o  two sub-programs 
- -  Geothermal Geosciences Technology and 
Geothermal Convers ion Technology. The 

3 .  
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GEOTHERMAL GEOSCIENCES GEOTHERMAL CONVERSION 
TECHNOLOGY TECHNOLOGY 

0 Hydrothermal Reservoir 0 

0 Geopressured Resources 

Research 
0 

Research 0 

0 Hot Dry Rock Reservoir 

0 Magma Energy Research 0 

0 
Research 

0 

Hard Rock Penetration 

Permeability Enhancement 

Hydrothermal Conversion 

Geopressured Conversion 
Research 

Hot Dry Rock Conversion 
Research 

Magma Conversion 
Research 

Table 1: DOE/GTD Geothermal Research Programs 

Geothermal Geosciences Technology sub-program 
concerns the technologies used to locate and 
predict subsurface characteristics of 
geothermal resources. Conversion Technology 
includes the technologies dealing with 
providing access to reservoirs, production 
and energy conversion. 
parts of the Geothermal Geosciences Tech- 
nology sub-program and the Geothermal 
Conversion Technology sub-program are listed 
in Table 1, while the FY 1987 budget for all 
GTD programs is summarized in Table 2 .  

The various component 

' RESERVOIR ENGINEERING-RELATED RESEARCH 

Reservoir Technoloqv 

Within the context of the Geothermal Geo- 
sciences Technology sub-program, Reservoir 
Technology, a subset of Hydrothermal Reser- 
voir Research, combines three closely- 
related research efforts - -  Brine Injection, 
Reservoir Definition, and Caldera Reservoir 
Investiqations. The three are closely 
coordinated and maintain well-defined goals. 

Historically, reservoir analysis procedures 
from the petroleum industry have been adapted 
to geothermal resource investigations, and 
have been successfully applied to reservoirs 
with intergranular permeability. Use of 
these same techniques has been less success- 
ful in defining geothermal fields dominated 
by fracture permeability - -  the condition 
that exists in most high-temperature geo- 
thermal fields. Experience suggests that the 
high flow rates required for a successful 
geothermal project must come from fracture 
permeability. 

The attention given to geothermal reservoir 
analysis then is to create the necessary 
"tools" to determine reservoir size and the 
nature of fluid flow. Today, geothermal 

reservoirs are better understood, but there 
are still important areas that need to be 
investigated. The two most important areas 
of attention are (1) determining production 
capabilities o f  reservoirs, and ( 2 )  inter- 
preting the geophysical signature o f  reser- 
voi rs . 
In cooperation with industry, new experi- 
mental well testing methods have been devised 
for production and injection modes under the 
Reservoir Technology Program by researchers 
at Stanford University, Lawrence Berkeley 
Laboratory (LBL) and Idaho National Engineer- 
ing Laboratory (INEL). Flow in fracture 
networks is being investigated by using 
laboratory and theoretical models of discrete 
fractures and stochastically distributed 
fractures. 
to predict more accurately reservoir lon- 
gevity and maximum energy recovery. 

New geophysical methods and new interpreta- 
tions of old methods used by the petroleum 
and mining industries have proven to be 
useful in characterizing geothermal reser- 
voirs. In addition to the aforementioned 
organizations, other institutions involved in 
the development of geophysical methods and 
interpretation include the U.S. Geological 
Survey (USGS) , Lawrence Li vermore National 
Laboratory (LLNL), and the University of Utah 
Research Institute (UURI). Emphasis on 
analyzing geophysical data is directed at 
producing two- and three-dimensional models 
of reservoirs, and surveying to locate 
fractures from the surface and within wells. 
Experimental methods that are currently 
being investigated are: 

0 

This work is necessary in order 

Passive Seismic Monitoring of Injected 
Fluid (LLNL) 

0 Vertical Seismic Profiling (LBL) 
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VALUE I N  $ X 1000 FY 1987 BUDGET 

2,000 

4,000 

14,150 
8,000 
2,950 

1,400 

500 

1,300 

- 
- 

780 

HYDROTHERMAL INDUSTRIALIZATION 

GEOPRESSURED 
GEOTHERMAL TECHNOLOGY DEVELOPMENT 

Hot Dry Rock Research 

Hydrothermal  Research 

Hard Rock P e n e t r a t i o n  Research 

Magma Energy E x t r a c t i o n  Research 

S a l t o n  Sea S c i e n t i f i c  D r i l l i n g  Program 

PROGRAM D I R E C T I O N  

GEOTHERMAL LOAN PROGRAM 

TOTAL 

72 - 

21,002 

Tab le  2 :  GTD Program Budget - FY 1987 

0 Time-Domain E l e c t r o m a g n e t i c  Surveys (USGS 

0 C o n t r o l l e d - S o u r c e  Audio M a g n e t o t e l l u r i c s  

0 Deep M a g n e t o t e l l u r i c  Surveys (UURI  & LBL) 

& LBL) 

(UURI )  

Us ing  t h e s e  geophys ica l  s t u d i e s  i n  c o n j u n c -  
t i o n  w i t h  s t r u c t u r a l  models, r e s e a r c h e r s  a r e  
f o c u s i n g  on d e t e r m i n i n g  t h e  1 o c a t i  on, 
o r i e n t a t i o n ,  e x t e n t ,  and a p e r t u r e  o f  f r a c -  
t u r e s  i n  r e s e r v o i r s .  

The consequences o f  i n j e c t i o n  o f  spent  b r i n e  
i s  i m p o r t a n t  t o  geothermal  development 
because i n j e c t i o n  must t a k e  p l a c e  i n  o r d e r  
t h a t  adequate r e s e r v o i r  p r e s s u r e s  be main-  
t a i n e d  f o r  p r o d u c t i o n .  The r e s u l t a n t  
p r e s s u r e  p u l s e  i s  d e s i r a b l e ;  however, t h e  
r e d u c t i o n  o f  r e s e r v o i r  tempera ture  produced 
by t h e  thermal  p u l s e ,  and t h e  chemical  
e f f e c t s  o f  t h e  i n j e c t e d  f l u i d  w i t h i n  t h e  
r e s e r v o i r  r o c k  can be d e t r i m e n t a l  s i n c e  t h e y  
reduce t h e  amount o f  thermal  energy r e c o v e r -  
a b l e .  

I n  o r d e r  t o  b e t t e r  p r e d i c t  t h e  e f f e c t s  o f  t h e  
i n j e c t i o n  o f  spent  b r i n e ,  r e s e a r c h  i s  b e i n g  
per fo rmed on t h e  use o f  s o l u b l e  t r a c e r s  t o  
t r a c k  i n j e c t e d  f l u i d  t h r o u g h  t h e  r e s e r v o i r  t o  
t h e  p r o d u c t i o n  w e l l s .  
has been t o  deve lop  t r a c e r s  t h a t  w i l l  (1) 
m a i n t a i n  thermal  and chemical  s t a b i l i t y  a t  
h i g h  tempera tures ,  and ( 2 )  be d e t e c t a b l e  i n  
m i n u t e  q u a n t i t i e s  i n  l a r g e  volumes o f  f l u i d .  
S y n t h e s i s  and t e s t i n g  o f  f l u o r i n a t e d  hydro-  
carbons i s  underway a t  UURI,  and r e s e a r c h  on 
a c t i v a b l e  t r a c e r s  ( e x c i t a t i o n  by n e u t r o n  
a c t i v a t i o n )  i s  b e i n g  done a t  S t a n f o r d .  

The r e s e a r c h  emphasis 

Numer ica l  mode l ing  o f  t r a c e r  t r a n s p o r t  i n  
f r a c t u r e s  i s  b e i n g  c a r r i e d  o u t  a t  INEL and a t  
S t a n f o r d .  

A l l  r e s e a r c h  c a r r i e d  o u t  as p a r t  o f  t h e  
R e s e r v o i r  D e f i n i t i o n  and B r i n e  I n j e c t i o n  
program elements i s  b e i n g  s y n t h e s i z e d  i n t o  
s t r u c t u r a l  g e o l o g i c  models which w i l l  be 
r e f i n e d  by c o n s i d e r a t i o n s  f o r  l o c a l  geo logy .  
Geo log ic  mode l ing  p r o v i d e s  a check on t h e  
agreement between geophys ica l  and h y d r o l o g i c  
d a t a  s e t s .  S t r u c t u r a l  models, which w i l l  be 
necessary f o r  i n d u s t r y  eng ineers  t o  deve lop  
s t r a t e g i e s  f o r  r e s o u r c e  development, a r e  
b e i n g  f o r m u l a t e d  by s c i e n t i s t s  a t  LBL and 
UURI .  

W i t h i n  t h e  program element  o f  Ca ldera  
R e s e r v o i r  I n v e s t i g a t i o n s ,  DOE/GTD i s  c o s t -  
s h a r i n g  w i t h  i n d u s t r y  p a r t i c i p a n t s  s e v e r a l  
deep thermal  g r a d i e n t  t e s t  w e l l s  w i t h i n  t h e  
Cascades v o l c a n i c  r e g i o n  o f  t h e  P a c i f i c  
Nor thwest .  The a p p r o x i m a t e l y  4,000 f o o t  
w e l l s  a r e  i n t e n d e d  t o  p r o v i d e  r e l e v a n t  d a t a  
c o n c e r n i n g  t h e  deep thermal  reg ime o f  t h e  
r e g i o n  below t h e  p r e v a i l i n g  sha l low,  c o l d  
groundwater  system. Recent ly ,  t h r e e  w e l l s  
were d r i l l e d  w i t h  r e p o r t e d  success ( F i g u r e  
1). Two o f  t h e  w e l l s ,  completed near  t h e  
Newberry Ca ldera  i n  w e s t - c e n t r a l  Oregon, were 
d r i l l e d  t o  depths  o f  4,000 f t  and 4,500 ft. 
Another  w e l l ,  d r i l l e d  near  B r e i t e n b u s h  Hot  
Spr ings ,  Oregon, was completed t o  a depth  o f  
4,800 ft. A l l  o f  t h e  w e l l s  have p r o v i d e d  t h e  
o p p o r t u n i t y  t o  o b t a i n  mean ing fu l  h e a t  f l o w  
and t e m p e r a t u r e  g r a d i e n t  i n f o r m a t i o n  f rom 
below t h e  l e v e l  o f  i n f l u e n c e  o f  t h e  s h a l l o w  
groundwater  system. T h i s  system has been 
found t o  ex tend downward t o  depths  o f  r o u g h l y  
2,000 ft. 
near  C r a t e r  Lake, Oregon, was suspended due 

D r i l l i n g  a t  a f o u r t h  l o c a t i o n ,  
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t o  l o s s  o f  c i r c u l a t i o n  and c e r t a i n  r e q u i r e -  
ments imposed by t h e  U.S. F o r e s t  S e r v i c e .  
D r i l l i n g  may be resumed a t  t h e  s i t e  n e x t  y e a r  
f o l l o w i n g  t r e a t m e n t  o f  t h e  l o s t  c i r c u l a t i o n  
problem. 

Downhole s t u d i e s  i n  t h e  r e s e a r c h  w e l l s  have 
c o n f i r m e d  t h e  u s e f u l n e s s  o f  Time-Domain EM 
surveys .  The TDEM survey, per fo rmed by t h e  
USGS, i s  l i k e l y  t o  be a u s e f u l  t e c h n i q u e  f o r  
d e t e r m i n i n g  t h e  subsur face  l o c a t i o n  o f  t h e  
base o f  t h e  s h a l l o w  groundwater  system i n  t h e  
Cascades r e g i o n .  

E v a l u a t i o n  o f  t h e  geophys ica l  l o g s  i n  
c o n j u n c t i o n  w i t h  a l t e r a t i o n  s t u d i e s  o f  c o r e  
and c u t t i n g s  i s  underway a t  UURI  i n  an e f f o r t  
t o  deve lop  l o g  i n t e r p r e t a t i o n  methods. 
Emphasis i s  p l a c e d  upon (1) f o r m u l a t i o n  o f  a 
model f o r  magmatic heat  sources i n  t h e  
Cascades; (2 )  f o r m u l a t i o n  o f  a model f o r  
f r a c t u r e  p e r m e a b i l i t y  i n  t h e  Cascades; and 
(3 )  d e t e r m i n a t i o n  o f  methodo log ies  t h a t  can 
l e a d  t o  t h e  d i s c o v e r y  o f  b u r i e d  geothermal  
systems i n  t h e  Cascades. 

W i t h i n  t h e  o v e r a l l  scheme o f  R e s e r v o i r  
Technology, i t  i s  e s s e n t i a l  t h a t  communica- 
t i o n  be m a i n t a i n e d  w i t h  t h e  geothermal  
i n d u s t r y .  Workshops a r e  h e l d  t o  p r o v i d e  a 
forum f o r  d i s c u s s i o n s  w i t h  i n d u s t r y  on 
c u r r e n t  f i e l d  development- re1 a t e d  problems.  
The d i r e c t i o n  o f  f u t u r e  Federa l  c o s t - s h a r e d  
r e s e a r c h  i s  g r e a t l y  i n f l u e n c e d  by t h e  r e s u l t s  
o f  t h e s e  d i s c u s s i o n s .  

S a l t o n  Sea S c i e n t i f i c  D r i l l i n q  Proqram 
l S S S D P Z  

The SSSDP i s  a program i n v o l v i n g  t h e  sampl ing  
and t e s t i n g  o f  a s c i e n t i f i c  geothermal  w e l l  
t h a t  was d r i l l e d  i n  t h e  S a l t o n  Sea Geothermal 
F i e l d  (SSGF) of C a l i f o r n i a ' s  I m p e r i a l  V a l l e y  
( F i g u r e  2 ) .  The program i s  j o i n t l y  sponsored 
by t h e  U.S. Department o f  Energy, t h e  U.S. 
G e o l o g i c a l  Survey and t h e  N a t i o n a l  Sc ience 
Foundat ion,  and i n v o l v e s  Bechte l  N a t i o n a l ,  
I n c .  as t h e  p r i n c i p a l  c o n t r a c t o r ,  Kennecot t  
C o r p o r a t i o n  as t h e  r e s o u r c e  owner, o t h e r  
i n d u s t r y  p a r t i c i p a n t s  and numerous r e s e a r c h  
i n s t i t u t i o n s .  The o r i g i n a l  o b j e c t i v e  o f  t h e  
p r o j e c t  was t o  p e n e t r a t e  t h e  " r o o t s "  o f  a 
known hydro thermal  system t o  o b t a i n  f l u i d  and 
r o c k  samples t o  be made a v a i l a b l e  t o  govern-  
ment, academic and i n d u s t r y  r e s e a r c h e r s ;  t e s t  
t h e  deeper  geothermal  zones t o  e v a l u a t e  
energy p o t e n t i a l ;  and p r o v i d e  f o r  a b e t t e r  
u n d e r s t a n d i n g  o f  h e a t  and mass t r a n s f e r  
processes w i t h i n  a magma-driven hydro thermal  
system. More t h a n  30 s c i e n t i f i c  i n v e s t i g a -  
t i o n s  have been funded by t h e  p a r t i c i p a t i n g  
agencies . 
The w e l l  was d r i l l e d  t o  d e p t h  o f  10,564 f t  i n  
March 1986, and a r e s e r v o i r  tempera ture  o f  
more t h a n  35OoC was measured. 
s h o r t l y  a f t e r  t h e  d r i l l i n g  phase, two s h o r t -  
d u r a t i o n  f l o w  t e s t i n g  and f l u i d  sampl ing 
sess ions  were conducted and s e v e r a l  s u i t e s  o f  

D u r i n g  and 

F i g u r e  1: Cascades Regional  S e t t i n g  

commercial and r e s e a r c h  geophys ica l  w e l l  l o g s  
were o b t a i n e d .  More t h a n  725 f e e t  o f  c o r e  
was r e c o v e r e d  and c u t t i n g  samples were 
r e t r i e v e d  t h r o u g h o u t  t h e  d r i l l i n g  p rocess .  

P lans  f o r  c o n t i n u e d  s t u d i e s  i n c l u d e  t h e  
r e q u i r e m e n t  t o  r e p a i r  a damaged l i n e r  w i t h i n  
t h e  w e l l ,  o b t a i n  e q u i l i b r i u m  tempera ture  and 
p r e s s u r e  p r o f i l e s ,  and p e r f o r m  a l o n g - t e r m  
(30-day)  f l o w  t e s t  i n  c o o p e r a t i o n  w i t h  
Kennecot t  C o r p o r a t i o n .  As p a r t  o f  t h e  l o n g -  
t e r m  f l o w  t e s t ,  t h e  deepest  r e s e r v o i r  would 
be i s o l a t e d  and t e s t e d ,  and h i g h  q u a l i t y  
f l u i d  samples would be c o l l e c t e d  an analyzed.  

T e c h n o l o g i c a l  " f a l l  o u t "  f rom t h e  p r o j e c t  has 
a l r e a d y  o c c u r r e d  th rough t h e  commercial 
a v a i l a b i l i t y  o f  some o f  t h e  h i g h - t e m p e r a t u r e  
(dewared) s l i c k l i n e  l o g g i n g  t o o l s .  Developed 
c o o p e r a t i v e l y  by s c i e n t i s t s  and eng ineers  a t  
Sandia N a t i o n a l  L a b o r a t o r i e s  and Los Alamos 
N a t i o n a l  L a b o r a t o r y ,  t h e  t o o l s  i n c l u d e  (1) 
dewared mechanica l ,  p ressure ,  tempera ture  and 
f l o w  probes des igned by Sandia and b u i l t  by 
t h e  K u s t e r  Company; (2 )  an e lec t ron ic -memory  
p r e s s u r e  and tempera ture  probe deve l  oped by 
Sandia; and (3 )  a 2 - l i t e r  downhole f l u i d  
sampler  developed by  Los Alamos, t h a t  may be 
coup led  t o  a S a n d i a - b u i l t  power pack and 
c o n t r o l  u n i t  f o r  non-conduct ing  w i r e 1  i n e  
o p e r a t i o n .  
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P r e l i m i n a r y  i n d i c a t i o n s  a r e  t h a t  t h e  deep 
hydro thermal  system o f  t h e  SSGF was n o t  f u l l y  
p e n e t r a t e d  by d r i l l i n g .  The f r a c t u r e d ,  
hydro thermal  c o n v e c t i o n  system c o u l d  ex tend 
s e v e r a l  thousand f e e t  be low t h e  bo t tom o f  t h e  
w e l l .  

I I  I I I I 

F i g u r e  2: S a l t o n  Sea Geothermal F i e l d  
Regional  S e t t i  ng 

Geothermal Technoloqv O r q a n i z a t i o n  

As p a r t  o f  DOE’S c o n t i n u a t i o n  o f  c o o p e r a t i v e  
r e s e a r c h  w i t h  i n d u s t r y ,  t h e  o b j e c t i v e  o f  a 
newly e s t a b l i s h e d  Geothermal Technology 
O r g a n i z a t i o n ,  o r  GTO, w i l l  be t o  f o s t e r  c o s t -  
shared t e c h n o l o g y  development i n  t h e  areas o f  
geothermal  r e s e r v o i r  r e s e a r c h  and geothermal  
c o n v e r s i o n  r e s e a r c h .  Through t h e  f o r m a t i o n  
and o p e r a t i o n  o f  t h e  GTO, n o n - p r o f i t  f u n d i n g  
arrangements w i l l  be made between DOE 

( r e p r e s e n t e d  by  INEL) and i n d u s t r y  p a r t n e r s  
t o  conduct  r e s e a r c h  i n  a l l  aspects  o f  
geothermal  energy,  e x c l u s i v e  o f  d r i l l i n g  
research .  

GTO-funded p r o j e c t s  w i l l  address r e s e a r c h  t o  
improve t e c h n o l o g y  f o r  l o c a t i n q ,  c h a r a c t e r i z -  
i n g ,  deve lop ing ,  and u t i l i z i n g  geothermal  
r e s o u r c e s .  Areas o f  r e s e a r c h  may i n c l u d e  
h i g h - t e m p e r a t u r e  i n s t r u m e n t a t i o n ,  r e s e r v o i r  
model ing,  a n a l y s i s  and i n t e r p r e t a t i o n  o f  
geophys ica l  d a t a ,  r e s e r v o i r  s t i m u l a t i o n ,  
m a t e r i a l s  t e s t i n g ,  w e l l  f i e l d  des ign,  f l u i d  
t r e a t m e n t ,  and m a t e r i a l s  c o m p a t i b i l i t y .  

I n  i n i t i a l  meet ings w i t h  i n d u s t r y  r e p r e s e n t a -  
t i v e s ,  a f a v o r a b l e  response has been i n d i c a t -  
ed. The e s t a b l i s h m e n t  o f  t h e  GTO w i l l  f o l l o w  
t h e  approach taken i n  e s t a b l i s h i n g  t h e  
Geothermal D r i l l i n g  O r g a n i z a t i o n  (GDO). A 
c h a r t e r  and agreement w i l l  be e s t a b l i s h e d  
between DOE and t h e  GTO, u s i n g  GDO documenta- 
t i o n  as t h e  framework. P r o j e c t s  w i l l  be 
i d e n t i f i e d ,  GTO p a r t i c i p a n t s  determined,  and 
r e q u e s t s  f o r  p r o p o s a l s  w i l l  be issued, 
s e l e c t e d ,  and awarded on a c o s t - s h a r e d  b a s i s  
(49% DOE, 51% i n d u s t r y  p a r t n e r s ) .  P a r t i c i p a -  
t i o n  i n  GTO p r o j e c t s  w i l l  be r e q u i r e d  by a t  
l e a s t  two member companies. 

CONCLUSIONS 

The DOE/GTD R e s e r v o i r  Techno1 ogy Program, t h e  
S a l t o n  Sea S c i e n t i f i c  D r i l l i n g  Program, and 
t h e  e s t a b l i s h m e n t  o f  t h e  Geothermal Tech- 
n o l o g y  O r g a n i z a t i o n  a r e  c r i t i c a l  Federa l  
e f f o r t s  t o  a s s i s t  U.S. i n d u s t r y  i n  geothermal  
r e s o u r c e  development. The R e s e r v o i r  Tech- 
n o l o g y  Program i s  a s s i s t i n g  i n d u s t r y  i n  
d e v e l o p i n g  t e c h n o l o g y  t o  more e f f e c t i v e l y  
l o c a t e  hydro thermal  systems and c h a r a c t e r i z e  
t h e  commercial d e v e l o p a b i l i t y  o f  those 
systems. S p e c i f i c  e f f o r t s  t o  b e t t e r  under -  
s tand t h e  n a t u r e  o f  h i g h - t e m p e r a t u r e  h y d r o -  
thermal  systems a r e  f l o w  t e s t i n g  and sampl ing  
o f  f l u i d s  and r o c k ,  and geophys ica l  l o g g i n g  
i n  t h e  SSSDP. The GTO, th rough c o s t - s h a r e d  
p a r t i c i p a t i o n  by i n d u s t r y ,  w i l l  p r o v i d e  a 
means t o  f o c u s  more a t t e n t i o n  on s p e c i f i c  
problems hampering f i e l d  deve lopers .  A l l  o f  
t h e s e  e f f o r t s  combined r e s u l t  i n  an i m p r o v i n g  
economic p i c t u r e  f o r  geothermal  energy and 
make U.S.  geothermal  techno logy  and e x p e r t i s e  
more a t t r a c t i v e  i n  t h e  w o r l d  marke tp lace .  
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