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INTRODUCTION 

Dur ing FY 1984 t he  Geothermal and Hydro- 
power Technologies D i v i s i o n  (GHTD) o f  t he  
Department o f  Energy (DOE) designated Lawrence 
Berkeley Laboratory (LBL) as the  cognizant 
l abo ra to r y  f o r  t h e  Reservoi r  D e f i n i t i o n  Pro-  
gram. Under t h i s  r o l e ,  LBL's fundamental 
r e s p o n s i b i l i t y  i s  t o  a s s i s t  GHTD i n  fo rmula t ing  
t h e  research p lan  f o r  Geothermal Reservoir 
D e f i n i t i o n  Technology under DOE's Hydrothermal 
Research Subprogram (Tables 1 - 6 ) .  The main 
goa l  o f  DOE's a c t i v i t i e s  i n  Reservoi r  D e f i n i -  
t i o n  Technology i s  t o  improve the  technologies 
needed t o  loca te ,  de l inea te ,  character ize,  
assess, and manage hydrothermal reservo i rs .  

As p a r t  o f  i t s  r e s p o n s i b i l i t y  as cognizant 
labora to ry ,  LBL was g iven  t he  task  o f  determin- 
i n g  t h e  research needs o f  t h e  geothermal 
i ndus t r y  and o f  rev iew ing  the  appropriateness 
o f  DOE-funded p r o j e c t s  f o r  meeting those 
needs. For t h a t  purpose, LBL i n v i t e d  a group o f  
i ndus t r y  representa t i ves  t o  be p a r t  o f  an 
advisory panel on Geothermal Reservoir D e f i n i -  
t i o n ,  which met f o r  t he  f i r s t  t ime on August 
21, 1984. The input  from t h i s  i ndus t r y  panel 
w i l l  be requested p e r i o d i c a l l y  (probably every 
s i x  months) by LBL. 

The main ob jec t i ves  o f  t he  August 1984 
meeting were t o  

Review DOE's cur ren t  and planned a c t i v i t i e s  
i n  Geothermal Reservoi r  D e f i n i t i o n  and 
evaluate t h e i r  relevance t o  i ndus t r y  
needs. 

Review i ndus t r y  needs i n  Geothermal 
Reservoir D e f i n i t i o n  bo th  near- term and 
long- term, and determine p r i o r i t e s  f o r  
these needs. 

Assess i n d u s t r y ' s  l i k e l y  con t r i bu t i ons  i n  
meeting i t s  own needs, i d e n t i f y  needs i t  
might cost- share w i t h  DOE, and determine 
needs t h a t  w i l l  have t o  be h o l l y  funded by 
DOE. 

I d e n t i f y  poss ib l e  areas f o r  DOE's technology 
t r a n s f e r  t o  i ndus t r y  i n  Geothermal Reservoi r  
D e f i n i t i o n .  

A t o t a l  o f  13 persons attended t he  meet- 
ing ,  n ine  panel members and four  observers 
(Table 7). 
Donald R. Lindsay o f  Occidenta l  Geothermal 
Incorporated,  cou ld  not  at tend,  bu t  con t r i bu ted  
t o  
meeting. 
p r i n c i p a l  i n v e s t i g a t o r s  o f  LBL, Stanford 
Un i ve rs i t y ,  and t h e  U n i v e r s i t y  o f  Utah Research 
Ins t i tu te- - was t o  o u t l i n e  DOE's Geothermal 
Program and descr ibe t he  p r o j e c t s  being c a r r i e d  
out  by t h e i r  groups under t h i s  program. 

i n  Reservoi r  D e f i n i t i o n  Technology, the  Panel 
heard and discussed t he  B r i ne  I n j e c t i o n  Tech- 
nology Program and DOE's Geothermal Program 
dur ing  the  one-day meeting. 

A t e n t h  i ndus t r y  representa t i ve ,  

t he  p repara t ion  o f  t he  minutes o f  t he  
The main r o l e  o f  t he  observers-- 

I n  a d d i t i o n  t o  DOE's a c t i v i t i e s  and p lans 

The r e s u l t s  o f  t h e  meet i  were summarized 
i n  t he  minutes o f  the  meeting, ? which i nc l ude  
a number o f  comments on d i f f e r e n t  aspects of 
GHTD's programs, a p r i o r i t i z e d  l i s t  o f  i ndus t r y  
needs i n  matters r e l a t e d  t o  Reservoi r  De f i n i t i o r l ,  
a l i s t  o f  research t o p i c s  t h a t  i ndus t r y  might 
be w i l l i n g  t o  cost- share with DOE, and some 
recommendations f o r  making GHTD's Technology 
Transfer  Program more e f f e c t i v e  Prom i n d u s t r y ' s  
p o i n t  o f  view. These comments and recommenda- 
t i o n s  were then  t r ansm i t t ed  by LBL t o  GHTD f o r  
cons idera t ion  and poss ib le  implementat ion, and 
are reviewed below. 

PANEL'S COMMENTS ON DOE'S GEOTHERMAL PROGRAM 

Upon rev iewing OOE's budget h i s t o r y  f o r  
t he  Geothermal Energy Program from FY 1980 t o  
FY 1985 and f o r  Hydrothermal Technology De- 
velopment i n  p a r t i c u l a r  and a f t e r  l ea rn ing  
about t h e  p o s s i b i l i t y  o f  a phase-out o f  t he  
Hydrothermal Research Program i n  the  n e x t  few 
years, t he  Panel 

1 )  Recommended the  con t i nua t i on  o f  GHTD's 
Hydrothermal Research Program because 
o f  i t a  relevance t o  i n d u s t r y ' s  needs. 
The Panel be l ieved t h a t  dur ing  the  l a s t  few 
years t h i s  program had been "underfunded" 
i n  comparison w i t h  the  "nonhydrothermal" 
research programs (i.e., Hot Dry Rock 
Research and Geopressured Resources). The 
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Panel f e l t  t h a t  cont inued underfunding o f  
t h e  Hydrothermal Research Program might 
r e s u l t  from an "oversized" Magma Energy 
Ex t rac t ion  Program. I t  was expressed t h a t  
t h e  Hot Dry  Rock Research, Geopressured 
Resources, and Magma Energy Ex t rac t ion  
Programs are only marginal ly  i n t e r e s t i n g  t o  
i n d u s t r y  and should  not adversely  affect 
t h e  f u t u r e  funding o f  t h e  Hydrothermal 
Research Program, e s p e c i a l l y  Reservoir  
D e f i n i t i o n  and Brine  I n j e c t i o n .  

Requested d e t a i l s  about D O E ' s  l a t e s t  
Geothermal Energy budgets f o r  FY 1985, 
FY 1986, and beyond ( i .e . ,  t o t a l  budget,  
breakdown by programs and a c t i v i t i e s ) ,  t o  
be provided be fo re  t h e  next  meeting o f  
t h e  Advisory Panel.  

Concluded t h a t  t h e  funding a l l o c a t e d  t o  
Cascades- related s t u d i e s  i n  t h e  FY 1985 
Reservoir  D e f i n i t i o n  budget is excess ive  
( s e e  Table 6 ) .  
D O E ' s  emphasis on t h i s  area and requested 
more d e t a i l s  about D O E ' s  o v e r a l l  program i n  
t h e  Cascades. 

Recommended t h a t  DOE i s s u e  p e r i o d i c a l  
memoranda desc r ib ing  t h e  o v e r a l l  Geothermal 
Program, i n d i c a t i n g  program o b j e c t i v e s ,  
p re sen t  and f u t u r e  budgets,  and p r o j e c t  
d e s c r i p t i o n s .  These memoranda should  be  
d i s t r i b u t e d  t o  t h e  geothermal community and 
publ ished i n  widely d i s t r i b u t e d  j o u r n a l s ,  
such as t h e  Geothermal Research Council  
(GRC) B u l l e t i n .  

Concluded t h a t  i ndus t ry  is un l ike ly  t o  
use  t h e  huff-and-puff technique o f  water 
i n j e c t i o n .  The funds set a s i d e  f o r  t h i s  
p r o j e c t  should  be used f o r  so lv ing  one o f  
t h e  f i e ld- or ien ted  i n j e c t i o n  problems. 

Some panel members quest ioned 

INDUSTRY'S NEEDS AND PRIORITIES 

I n  o rde r  t o  be  a b l e  t o  p r i o r i t i z e  indus- 
try 's  needs i n  Reservoir  D e f i n i t i o n ,  t h e  Panel 
de f ined  n i n e  areas o f  research:  Measurements, 
Chemical I n t e r a c t i o n s ,  Mathematical Modeling, 
F i e l d  Surveys,  Secondary Heat Recovery Techni- 
ques,  Geology, Geochemistry, Boundary Mapping, 
and F rac tu re  Mapping. 
areas are f u r t h e r  d ivided.  

In  t u r n ,  t h e s e  gene ra l  

Measurements. This  a r e a  is d iv ided  i n t o  
s u r f a c e  and subsur face  measurements. Surface  
measurements inc lude  flow tests  end sanp l ing  
methods, e s p e c i a l l y  r e l a t e d  t o  two-phase 
flow cond i t ions .  The subsurface  measure- 
ments comprise pressure- temperature  logs, 
sp inne r  logs ,  geophysical  l o g s ,  cas ing  t o o l  
a n a l y s i s ,  and subsur face  ( f l u i d )  sampling. 

Chemical I n t e r a c t i o n s .  This  area covers  t o p i c s  
r e l a t e d  t o  chemical t rea tment  o f  b r i n e s  and t o  
rock- f lu id  and f l u i d- f l u i d  i n t e r a c t i o n s .  It 
inc ludes  problems r e l a t e d  t o  b r i n e  i n j e c t i o n ,  
s c a l i n g ,  d e l i b e r a t e  p r e c i p i t a t i o n  ( f o r  i s o l a t i n g /  
sea l ing- of f  a g iven r e s e r v o i r  r eg ion) ,  and 

mineral  e x t r a c t i o n ,  as well as gene ra l  uncer ta in-  
t i e s  i n  high- temperature k i n e t i c s  and b r i n e  
geochemistry.  

Mathematical Modelinq. 
i n t o  modeling i n  gene ra l ,  modeling o f  chemical 
t r a n s p o r t ,  and upgrading o f  e x i s t i n g  codes. 

F i e l d  Surveys. This  area comprises s t u d i e s  
cover ing l a r g e  p a r t s  o f ,  or  e n t i r e ,  geothermal 
f i e l d s .  It inc ludes  tracer s t u d i e s ,  flow 
tests, s k i n  damage eva lua t ions ,  and case 
s t u d i e s .  

Secondary Heat Recovery Techniques. 
cove r s  r e sea rch  r e l a t e d  t o  improving t h e  hea t  
e x t r a c t i o n  from r e s e r v o i r  rocks  by f l u i d  
r e i n j e c t i o n ,  e s p e c i a l l y  i n  vapor-dominated 
systems. I t  inc ludes  s t u d i e s  on f r a c t u r e  
geometry, s e i s m i c i t y ,  tracer surveys ,  and 
numerical modeling. 

Geology. The needs f o r  b e t t e r  models o f  
geothermal f i e l d s  and b e t t e r  exp lo ra t ion  
s t r a t e g i e s  were recognized and i d e n t i f i e d  
as c a t e g o r i e s  of research.  

Geochemistry. 
monitoring t h e  e f f e c t s  o f  e x p l o i t a t i o n  and 
t h e  development o f  geochemical zonat ion 
models. 

Boundary mappinq. 
methods as seismic t echn iques ,  magneto- 
t e l l u r i c  and e lect romagnet ic  methods, and 
(cost- shared)  deep d r i l l i n g  t o  d e l i n e a t e  
boundar ies  or f r o n t s  i n  geothermal systems. 

F r a c t u r e  mappinq. 
such as s u r f a c e ,  near- borehole,  and cross- 
borehole  methods t o  d e t e c t  and c h a r a c t e r i z e  
f r a c t u r e s  i n  t h e  subsurface  and techniques  t o  
determine maximum depth o f  open f r a c t u r e s .  

This  a r e a  is d iv ided  

This  area 

This  area is d iv ided  i n t o  

This  area inc ludes  such 

This  area covers  t echn iques  

Because o f  disagreement about i n d u s t r y ' s  
needs  and p r i o r i t i e s  on t h e  shor t-  and long- 
term (more than  3 y e a r s ) ,  t h e  Panel members 
voted on t h e  importance o f  t h e  d i f f e r e n t  areas 
o f  research.  The r e s u l t s  o f  t h e  r a t i n g  are 
given i n  Tables  8 and 9 ;  d e t a i l s  o f  t h e  vo t ing  
are included i n  t h e  minutes o f  t h e  meeting.' 

The Panel found t h a t  f o r  t h e  short- term 
i n d u s t r y  needs ( i . e . ,  less than  3 years from 
now), t h e  h ighes t  p r i o r i t y  was given t o  
improving f r a c t u r e  mapping techniques ,  de te r-  
mining f r a c t u r e  geometry, subsurface  f l u i d  
sampl ing,  geophysical  logging,  improving flow 
tes t  measurement t echn iques  ( e s p e c i a l l y  
under two-phase flow cond i t ions )  , so lv ing  
chemical problems r e l a t e d  t o  b r i n e  i n j e c t i o n  
and t h e  geochemical c h a r a c t e r i s t i c s  o f  t h e  
geothermal b r i n e s  ( inc lud ing  noncondensible 
g a s e s )  , and developing geochemical techniques  
t o  monitor r e s e r v o i r  exp lo i t a t ion .  

For t h e  long-term indus t ry  needs (more 
t h a n  3 yea r s  from now), t h e  h ighes t  p r i o r i t y  
was given t o  chemistry problems r e l a t e d  t o  
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minera l  e x t r a c t i o n  from geothermal b r i nes  and 
b r i n e  i n j e c t i o n ,  (cost-shared) deep d r i l l i n g  
f o r  boundary mapping, techniques t o  determine 
t he  maximum depth o f  open f rac tu res ,  numerical 
modeling o f  b r i n e  i n j e c t i o n  i n t o  vapor-dominated 
systems t o  increase the  heat e x t r a c t i o n  from 
r e s e r v o i r  rocks, f low t e s t  techniques (espe- 
c i a l l y  under two-phase cond i t i ons ) ,  and down- 
ho le  pressure and temperature measurement 
methods. 
Tables 8 and 9. 

Lower p r i o r i t y  needs are d e t a i l e d  i n  

Cost-Shared P ro jec t s  

The Panel members concluded t h a t  i ndus t r y  
would be w i l l i n g  t o  cost-share p r o j e c t s  on 
(1) minera l  e x t r a c t i o n  from geothermal b r ines ,  
( 2 )  deep d r i l l i n g  (e.g., a t  The Geysers and i n  
t h e  Cascades), and (3 )  development o f  t o o l s  and 
techniques f o r  sur face and subsurface measure- 
ments. According t o  t he  Panel, i ndus t r y  i s  
a l ready doing what i t  can i n  o ther  areas o f  
research, and these areas w i l l  cont inue 
t o  need DOE funding. 

Technology Transfer  

The Panel recommended t h a t  DOE should 

Pub l i sh  an annual b i b l i og raphy  o f  r epo r t s  
and papers produced under the  d i f f e r e n t  
programs. The b ib l iography  cou ld  be 
publ ished i n  t he  GRC B u l l e t i n ,  which has a 
wide i n d u s t r i a l  readership. It was f e l t  

engineer ing and cont inue the  GRC short  
courses because o f  i n d u s t r y ' s  i n t e r e s t .  

FINAL REMARKS 

Some o f  t he  quest ions ra i sed  by the  
Advisory Panel, espec ia l l y  on i ndus t r y  needs 
and p r i o r i t i e s  f o r  geothermal research, should 
be g iven  immediate a t t e n t i o n  by GHTD. Other 
questions, such as those d i r ec ted  toward the  
c o n t i n u i t y  o f  t he  Hydrothermal Research Program, 
t h e  cost- shared programs, and the  recommenda- 
t i o n s  on Technology Transfer, should be taken 
i n t o  cons idera t ion  and incorporated i n  the  
geothermal programs f o r  FY 1986 and beyond. 

Judging from conversations w i t h  GHTD 
managers, i t  i s  expected t h a t  by e a r l y  1985 DOE 
w i l l  have responded t o  some o f  t he  comments and 
recommendations made by t h e  I ndus t r y  Advisory 
Panel. 
second meeting o f  t he  Panel, t e n t a t i v e l y  
scheduled f o r  March 1985. 

These would be reviewed dur ing  t he  
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REFERENCE 

1. Minutes o f  t h e  F i r s t  Meeting o f  the  I ndus t r y  
Advisory Panel on Geothermal Reservoi r  
D e f i n i t i o n ,  August 21, 1984, Berkeley, 
C a l i f o r n i a .  (Copies are ava i l ab le  from 
the  Ear th  Sciences D i v i s i o n  of Lawrence 

Table 1. Budget H i s to r y  o f  DOE Geothermal Energy Program. 

$ ( M i l l i o n s )  

A c t i v i t y  FY 80 FY 81 FY 82 FY 83 FY 84 FY 85+ 

Hydrothermal I n d u s t r i a l i z a t i o n  59.6 44.8 31.2 33.0 2.0 1.1 

D i r e c t  Heat 10.8 10.6 0 0 0 0 

Geopressured Resources 36.0 31.9 16.7 8.4 5.0 5.2 

Geothermal Technology Oevelopment 41 .O 47.9 20.4 14.9 22.4 26.1 

2.0 2.3 1.6 1.3 1 .o 1 .o Program D i r e c t i o n  

TOTAL $149.4 $137.5 $ 69.9 $ 57.6 $ 30.4 $ 33.4 
- - - - - - ,  

*as o f  12/01/84 
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Table 2. Budget H i s t o r y  fo r  Geothermal Technology Development. 

$ ( M i l l i o n s )  

A c t i v i t y  FY 80 FY 81 f Y  82 FY 83 FY 84 FY 85* 

Hot Dry Rock Research 15 .D 14.0 10.0 7.5 7.5 9.4 

Hydrothermal Research 26 .O 33.9 10.4 7.4 5.4 8.7 

Hard Rock Penetrat ion Research 0 0 0 0 2.6 4.3 

Magma Energy E x t r a c t i o n  Research 0 0 0 0 .9 1.4 

S c i e n t i f i c  D r i l l i n g  Pro ject  0 0 0 0 5.9 1 .o 
Technology Transfer 0 0 0 0 .I 0.9 

0.4 N/A N/A N/A 0 -  0 -  C a p i t a l  Equipment 

TOTAL $ 41.0 $ 47.9 $ 20.4 $ 14.9 $ 22.4 $ 26.1 

*as o f  12/01/84 

Table 3. FY 1984 Budget f o r  DOE/GHTD 
Hydrothermal Research. 

Table 4. FY 1984 Budget f o r  DOE/GHTD Reservoir 
De f i n i t  ion.  

A c t i v i t y  $ K  

Br ine  I n j e c t i o n  Technology 1,948 

Reservoir D e f i n i t i o n  Technology 1,443 

Heat Cycle Research 1,536 

Support Services 507 
TOTAL: $ 5,434 K 

A c t i v i t y  S K  

Reservoir Character izat ion 550 
(LBL) 

Fracture Mapping-Electrical 
Techniques (UURI) 

Heat E x t r a c t i o n  Research 
(STANFORD 1 

300 

300 

Cascades Resource D e f i n i t i o n  . 200 
(USGS) 

Ocean Hydrothermal (INEL) 93 
TOTAL: $1,443 K 

t 

Acronyms: 

UURX: 

USGS: U.S. Geological Survey 
INEL: Idaho Nat ional  Engineering Laboratory 

LBL: Lawrence Berkeley Laboratory 
Un ivers i t y  o f  U t a h  Research I n s t i t u t e  

STANFORD: Stanford Un ivers i t y  

-8- 



Table 5. FY 1985 Budget (as o f  12/01/84) f o r  
DOE/GHTD Hydrothermal Research. 

A c t i v i t y  S K  

Br ine  I n j e c t i o n  Technology 1,613 

Reservoir D e f i n i t i o n  Technology 3,175 

Heat Cycle Research 1,580 

Permeabi l i ty  Enhancement 90 0 

Geothermal M a t e r i a l d F l u i d  Chemistry 1,160 

Support Services 250 

TOTAL: $ 8,678 K 

Cap i t a l  Equipment for  Hydrothermal 
Research: $ 200 K 

Table 6. FY 1985 Budget (as o f  12/01/81) f o r  
DOE/GHTD Reservoir D e f i n i t i o n .  

A c t i v i t y  S K  

Reservoir D e f i n i t i o n  Program (LBL) 200 

Reservoir Character izat ion (LBL) 600 

Fracture Mapping-Electr ical Techniques 200 
(UURI) 

Heat Ex t rac t i on  Research (STANFORD) 402 

Cascades Resource D e f i n i t i o n  (USGS) 198 

Cascades Measurements ( IDO)  37 5 

Newberry Caldera Test ing (DOGAMI) 160 

Cost-Shared Cascades Character izat ion 1,000 
(ID01 

Reservoir Character izat ion (SAN) 40 

TOTAL: $ 3,175 K 

Acronyms: 

LBL : 
UUR I : 

STANFORD: 
USGS: 

IDO: 
DOGAMI : 

SAN : 

Lawrence Berkeley Laboratory 
Un ivers i ty  o f  U t a h  Research I n s t i t u t e  
Stanford Un ivers i ty  
U.S. Geologic Survey 
DOE'S Idaho Operations O f f i c e  
Oregon Department o f  Geology and 
Mineral  I ndus t r i es  
DOE'S San Francisco O f f i c e  

Table 7. L i s t  o f  Pa r t i c i pan ts  o f  the  f i r s t  
meeting o f  t he  LBL Indust ry  Advisory 
Panel on Geothermal Reservoir 
De f i n i t i on .  

Panel Members 

Mohinder S. G u l a t i  Union O i l  Company o f  
(Chairmain) C a l i f o r n i a  

W. T. (Tom) Box Aminoil, Inc.  

Lou is  E. Capuano, Jr. Therma Source, Inc. 

Herman Dykstra Consultant 

Keshav Goyal P h i l l i p s  Petroleun, CO. 

Joe I o v e n i t t i  Thermal Power, Co. 

W i l l i a m  F. Isherwood Geothermex, Inc. 

Walter Randall  G R I  Operator, Co. 

Ronald C. Schroeder Berkeley Group, Inc. 

Observers 

B. Lea Cox 

Jon S. Gudmundsson Stanford Un i ve rs i t y  

Marcel0 J. Lippmann 

P h i l l i p  (Mike) Wright 

Lawrence Berkeley Lab 

Lawrence Berkeley Lab 

Un ivers i ty  o f  Utah 
Research I n s t i t u t e  
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Table  8. Recommendations o f  t h e  Indus t ry  Advisory Panel on Geothermal 
Reservoir  Def in i t ion :  Indus t ry  short- term needs. 

FIRST PRIORITY 

F r a c t u r e  Mappinq Measurements 

Near-borehole methods 
Cross- borehole methods 
Sur face  t echn iques  
Determination of maximum 

depth  of open f r a c t u r e s  

F i e l d  Surveys 

Flow tests 

Subsurface  sampling 
Subsurface  logging 
Surface  flow tests ( e s p e c i a l l y  

two-phase flow) 

Chemical I n t e r a c t i o n  

Brine  i n j e c t  ion  
Brine  geochemistry ( inc lud ing  

noncondensible gases )  

Secondary Heat Recovery Techniques Geochemistry 

F r a c t u r e  geometry Monitoring e f f e c t s  o f  e x p l o i t a t i o n  

SECOND P R I O R I T Y  

Boundary Mappinq F i e l d  Surveys 

Tracer surveys  MT method 
Skin  damage EM method 
Case s t u d i e s  f o r  model v a l i d a t i o n  Cost- share deep d r i l l i n g  

Seismic t echn iques  

Chemical I n t e r a c t i o n  

High temperature  k i n e t i c s  
Sca l ing  t endenc ies  
Mineral e x t r a c t i o n  

Measurements 

Subsurface  sp inne r  
Subsurface  P-T measurements 
Sur face  sanp l ing  ( e s p e c i a l l y  

two-phase flow) 

Secondary Heat Recovery Techniques 

Nunerical methods 
Tracer  surveys  

Mathematical Modeling 

Chemical t r a n s p o r t  
Upgrade e x i s t i n g  codes 
Modeling i n  gene ra l  

Geology Geochemistry 

Better models o f  geothermal f i e l d s  
Explorat ion s t r a t e g i e s  o f  geothermal systems 

Geochemical zonat ion models 

THIRD PRIORITY 

Measurements 

Casing t o o l  ana lyses  

Chemical I n t e r a c t i o n  

D e l i b e r a t e  p r e c i p i t a t i o n  
t o  keep water ou t  

Secondary Heat Recovery Techniques 

Se i smic i ty  
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Table 9 .  Recommendations o f  t he  Indus t ry  Advisory Panel on Geothermal 
Reservoi r  D e f i n i t i o n :  Indus t ry  long- term (>3 years) needs. 

Chemical I n t e r a c t i o n  

Minera l  e x t r a c t i o n  
B r i ne  i n j e c t  i o n  

Frac tu re  Mappinq 

Determinat ion o f  maximum depth 
o f  open f r ac tu res  

FIRST P R I O R I T Y  

Boundary Mapping 

Cost-share deep d r i l l i n g  

Measurements 

Surface f low t e s t s  ( e s p e c i a l l y  

Subsurface P-T measurements 
two-phase f low)  

Secondary Heat Recovery Techniques 

Numerical modeling 

SECOND P R I O R I T Y  

Chemical I n t e r a c t i o n  Frac tu re  Mapping 

Sca l ing  tendencies Surface techniques 
High temperature k i n e t i c s  Cross-borehole techniques 
B r i ne  geochemistry Near-borehole techniques 

De l i be ra te  p r e c i p i t a t i o n  t o  keep water out  

Boundary Mapping F i e l d  Surveys 

( i n c l u d i n g  noncondensible gases) 

MT methods 
EM methods 
Seismic techniques 

Case s tud ies  f o r  model v a l i d a t i o n  
Flow t e s t s  
Skin damage 

Secondary Heat Recovery Techniques Geology 

Tracer Surveys 
Frac tu re  geomet r y  

Exp lo ra t ion  s t r a teg ies  
Be t t e r  models o f  geothermal f i e l d s  

Measurements Mathematical Modelinq 

Subsurface logg ing  
Surface sanpl ing (espec ia l l y  

two-phase Flow) 
Subsurface spinner 

Measurements 

Casing t o o l  analyses 
Subsurface sanpl ing 

F i e l d  Surveys 

Tracer surveys 

Geochemistry 

Monitor e f f e c t s  o f  e x p l o i t a t i o n  

Chemical t rensport  
Modeling i n  general  

Geochemistry 

Geochemical zonat ion models 
o f  geothermal systems 

THIRD P R I O R I T Y  

Mathematical Model inq 

Upgrade e x i s t i n g  codes 

Secondary Recovery Techniques 

Se ismic i t  y 

-11- 


