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It  i s  a p leasure  t o  p a r t i c i p a t e  i n  t h e  10 th  
S tanford  Univers i ty  Geothermal Reservo i r  
Engineering Workshop. The speakers  and 
a t t e n d e e s  a t  t h i s  ga ther ing  r e p r e s e n t  t h e  
vanguard of t h e  many g e o s c i e n t i s t s  and 
eng ineers  who w i l l  be needed t o  c h a r a c t e r i z e  
and develop geothermal r e s e r v o i r s  worldwide. 
Stanford has long been a l e a d e r  i n  t r a i n i n g  
and preparing personnel  t o  j o i n  t h e  ranks of 
t h e  geothermal workforce, and t h e  r e s u l t i n g  
technology t r a n s f e r  achievements of t h i s  
u n i v e r s i t y ' s  Geothermal Research Program 
provide a model f o r  u s  a l l  i n  disseminat ing 
t e c h n i c a l  information t o  those  who w i l l  u se  
i t  t o  f u r t h e r  t h e  u t i l i z a t i o n  of geothermal 
energy. 

The geothermal t r a i n i n g  a v a i l a b l e  i n  our  
u n i v e r s i t i e s  and research  i n s t i t u t i o n s  takes  
on an added importance when we cons ider  t h a t  
e x p e r t s  i n  t h e  d i s c i p l i n e s  needed f o r  
geothermal e x p l o r a t i o n  and development are 
i n  woeful ly  s h o r t  supply i n  many of t h e  
developing c o u n t r i e s  endowed with geothermal 
resources .  For example, a t  t h e  OLADE L a t i n  
American Seminar on Geothermal Explora t ion  
i n  t h e  l a t e  1983, t h e  major i ty  of t h e  
r e p r e s e n t a t i v e s  c i t e d  t h e  l a c k  of t r a i n e d  
manpower as an equal  f a c t o r  wi th  t h e  l a c k  
of funds a s  t h e  causes f o r  t h e  slow pace 
of geothermal e x p l o r a t i o n  i n  t h e i r  
c o u n t r i e s .  They a l s o  equated t h e s e  two 
problems as major l i m i t i n g  f a c t o r s  t o  t h e i r  
p o t e n t i a l  f o r  f u t u r e  energy development. 

I n  b r ing ing  you up t o  d a t e  on DOE'S 
geothermal R6D programs, we a r e  going t o  
emphasize f i r s t  those  elements t h a t  may be 
of s p e c i a l  i n t e r e s t  t o  a r e s e r v o i r  enginee-  
r i n g  audience,  because our  a c t i v i t i e s  i n  
support  of an improved understanding of 
hydrothermal r e s e r v o i r s  deserve  a t t e n t i o n .  
Reservo i r  d e f i n i t i o n ,  b r i n e  i n j e c t i o n ,  and 
r e s e r v o i r  s t i m u l a t i o n  technolog ies  are major 
elements of our Hydrothermal Research 
Program, and i n  t o t a l  they account f o r  
n e a r l y  50 percent  of t h e  f i s c a l  year  (FY) 
1985 hydrothermal research  budget. These 
elements f a l l  i n t o  our  e s s e n t i a l  R6D 
category;  t h a t  is, while  some b a s i c  
t echnolog ies  have been borrowed from t h e  
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petroleum i n d u s t r y  f o r  geothermal s e r v i c e ,  
they a r e  o f t e n  i l l - s u i t e d  t o  geothermal 
requirements ,  and cannot be used without  
s i g n i f i c a n t  t echnolog ica l  innovat ions.  I n t o  
t h i s  category f a l l  t h e  c u r r e n t  r e s e r v o i r  
technology, b r i n e  i n j e c t i o n ,  and r e s e r v o i r  
s t i m u l a t i o n  p r o j e c t s  t h a t  are l i s t e d  i n  
Table 1. 

The r e s e r v o i r  technology p r o j e c t s  include:  
1 )  development of methods f o r  c h a r a c t e r i z-  

i n g  and mapping r e s e r v o i r  parameters ,  
processes ,  and s p a t i a l  dimensions. 

2 )  development of methods t o  p r e d i c t  and 
monitor r e s e r v o i r  changes from f l u i d  
e x t r a c t i o n .  

3) eva lua t ion  of e x i s t i n g  methods and 
development of new methods f o r  pre- 
d i c t i n g  t h e  l o c a t i o n  and mapping f a u l t s  
and f r a c t u r e s  i n  geothermal r e s e r v o i r s .  

4) t e s t i n g  of new a n a l y s i s  techniques us ing  
f i e l d  case s t u d i e s .  

Brine i n j e c t i o n  p r o j e c t s  include:  
1) development of phys ica l  and mathematical 

models t o  determine t h e  behavior of 
geothermal r e s e r v o i r s  dur ing  i n j e c t i o n .  

2) t r a c e r  t e s t i n g  t o  determine r a p i d  flow 
paths between wells. 

3) a n a l y s i s  of p ressure  responses i n  t h e  
f i e l d  t o  i n j e c t i o n  i n t o  one or  more w e l l s .  

Some of t h i s  work i s  c a r r i e d  o u t  under 
coopera t ive  research  agreements wi th  f o r e i g n  
i n s t i t u t i o n s .  These j o i n t  p r o j e c t s  inc lude  
work with ENEL of I t a l y  on t h e  adsorp t ion  of 
water  on core  samples from L a r d e r e l l o ,  t h e  
development and t e s t i n g  of down-hole f l u i d  
samplers, and i n j e c t i o n  t e s t i n g  i n  t h e  
f i e l d .  
inc ludes  i n t e r p r e t a t i o n  of w e l l  t e s t s  i n  
Broadlands, and i n j e c t i o n  and t r a c e r  t e s t i n g  
a t  Broadlands, Wairakei,  and Kawerau. Work 
i n  Mexico a t  t h e  Los Azufres f i e l d  focuses 
on r e s e r v o i r  behavior ,  w e l l  test a n a l y s i s ,  
i n j e c t i o n  and t r a c e r  t e s t i n g ,  and wellbore 
d e l i v e r a b i l i t y .  

Cooperat ive work with New Zealand 
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The DOE r e s e r v o i r  pe rmeabi l i ty  enhancement 
s t u d i e s  a r e  based on e a r l i e r  experiments 
which showed t h a t  t h e  o i l  and gas s t imula-  
t i o n  techniques can be e x t r a p o l a t e d  t o  t h e  
h igher  temperatures  a s s o c i a t e d  with geotherma 
r e s e r v o i r s .  We a r e  undertaking s t u d i e s  t o  
improve our  understanding of r e s e r v o i r  
product ion phenomena i n  o r d e r  t o  develop t h e  
c a p a b i l i t y  of t a i l o r i n g  t h e  s t i m u l a t i o n  
techniques and methods t o  t h e  charac te r-  
i s t i c s  of s p e c i f i c  r e s e r v o i r  types.  
Research i n t o  t h e  i n t e r a c t i o n  between 
borehole  and formation w i l l  i nc lude  
f r a c t u r e  permeabi l i ty  s t u d i e s  and f r a c t u r e  
c h a r a c t e r i z a t i o n .  Advanced s t i m u l a t i o n  
methods w i l l  be addressed through systems 
a n a l y s i s  and experiments. 
f r a c t u r i n g  (FEGF) employs h igh  pressure  
p u l s e s ,  produced by t h e  c o n t r o l l e d  i g n i t i o n  
of p r o p e l l a n t s ,  with burning r a t e s  
a d j u s t e d  f o r  s p e c i f i c  types  of r e s e r v o i r  
c o n d i t i o n s ,  t o  form r a d i a l  f r a c t u r e s  i n  
t h e  rocks around wellbores .  This concept 
has  been v e r i f i e d  in previous experiments 
in a i r - f i l l e d  boreholes;  c u r r e n t  research  
i s  d i r e c t e d  toward t h e  f l u i d - f i l l e d  bore- 
h o l e s  common i n  geothermal a p p l i c a t i o n s .  

We a r e  planning t o  begin coopera t ive  
d r i l l i n g  i n  t h e  Cascades Range t o  a s s e s s  
new approaches i n  e x p l o r a t i o n  technology. 
Proposa l s  are being reques ted  t o  d r i l l  
thermal  g rad ien t  t e s t  h o l e s  t o  depths of 
.3,000 f e e t  o r  g r e a t e r ,  t o  be cost- shared 
with i n d u s t r y  on a 50-50 b a s i s .  Through 
a n a l y s i s  of w e l l  logs ,  rock samples, and 
f l u i d  specimens from t h e s e  h o l e s ,  we hope 
t o  determine t h e  e f f e c t i v e n e s s  of t h i s  
e x p l o r a t i o n  technology i n  c h a r a c t e r i z i n g  
t h e  geothermal resources  i n  t h e  Cascades. 
DOE a l s o  is co-sponsoring i n v e s t i g a t i o n s  by 
t h e  Oregon Department of Geology and 
Mineral  I n d u s t r i e s  (DOGAMI) t o  i d e n t i f y  
o t h e r  e x p l o r a t i o n  technolog ies  t h a t  a r e  
s u c c e s s f u l  i n  t h e  Cascades. I n  r e l a t e d  
r e s e a r c h ,  t h e  U.S. Geological  Survey (USGS) 
has  a major i n v e s t i g a t i o n  underway t o  assess 
t h e  geothermal resource  p o t e n t i a l  of t h e  
Cascades. 
p r o j e c t s  i n i t i a t e d  by t h e  USGS t h a t  w i l l  
e v a l u a t e  t h e  u s e f u l n e s s  of c e r t a i n  se i smic  
and e l e c t r i c a l  e x p l o r a t i o n  techniques i n  
vo lcan ic  regions.  

High energy gas 

DOE is s h a r i n g  t h e  c o s t  of two 

We a l s o  a r e  approaching t h e  d r i l l i n g  
phase in 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. This  deep d r i l l i n g  
program w i l l  t e s t  t h e  e x i s t e n c e  of 
a d d i t i o n a l  geothermal resources  beneath 
t h e  p r e s e n t l y  discovered hydrothermal 
r e s e r v o i r  i n  t h e  S a l t o n  Sea a rea .  
Bechtel  Na t iona l  Inc. ,  t h e  prime c o n t r a c t o r  
f o r  t h e  p r o j e c t ,  has subcontracted s e v e r a l  
e lements ,  inc lud ing  w e l l  des ign  and 
geothenaal  t e s t s  and measurements. 
Addi t iona l  subcont rac t ing  is i n  progress .  
We expect  t h e  w e l l  t o  be spudded sometime 

i n  A p r i l ,  and completion is expected about 
four  months l a t e r .  An i n j e c t i o n  wel l  w i l l  
be d r i l l e d  consecu t ive ly .  The s c i e n t i f i c  
w e l l  is  scheduled t o  be cored i n t e r m i t t e n t l y  

1 1  a t  f i v e  s e c t i o n s  through t h e  f i r s t  4000 
f e e t ,  and t h e  w e l l  w i l l  be logged p r i o r  t o  
casing.  
performed a t  s e l e c t e d  f r a c t u r e  zones. Two 
long-term (2O-day) f low t e s t s  are scheduled 
upon completing t h e  w e l l  t o  a t o t a l  depth of 
about 10,000 f e e t .  The w e l l  w i l l  be a v a i l -  
a b l e  f o r  s c i e n t i f i c  experimentat ion f o r  
about one year .  

After we have completed t h e  d r i l l i n g  of t h e  
S a l t o n  Sea wel l ,  o t h e r  Federa l  agencies  with 
i n t e r e s t s  i n  t h e  s c i e n t i f i c  in format ion  t o  
be gained w i l l  cost- share t h e  r e s e a r c h  
i n v e s t i g a t i o n s .  The proposa l s  from 
r e s e a r c h e r s  d e s i r i n g  t o  use  t h e  w e l l  f o r  
t h e i r  s t u d i e s  have gone through t h r e e  phases 
of eva lua t ion .  The S c i e n t i f i c  Experiments 
Committee, composed of  u n i v e r s i t y ,  n a t i o n a l  
l abora tory ,  i n d u s t r y ,  and USGS tepresen ta -  
t i v e s ,  determined t h e  f e a s i b i l i t y ,  
t i m e l i n e s s ,  and p o t e n t i a l  f o r  success  of 
each proposed experiment. Qua l i fy ing  
proposals  were then  ranked and eva lua ted  
according t o  t h e i r  s c i e n t i f i c  merit by t h e  
Peer R e v i e w  Committee, a s p e c i a l  j o i n t  
committee composed of r e p r e s e n t a t i v e s  of 
DOE'S O f f i c e  of Basic Energy Sciences and 
t h e  Nat iona l  Science Foundation. The 
Science Coordinat ing Committee, c o n s i s t i n g  
of r e p r e s e n t a t i v e s  from DOE'S GBTD and 
OBES, NSF, and USGS, i s  now in t h e  process  
of determining funding l e v e l s  f o r  
i n d i v i d u a l  experiments. 
a c t i v e  p a r t i c i p a n t s  i n  t h e s e  var ious  
p r o j e c t s .  
l e v e l  of e x p e r t i s e ,  DOE has  every reason 
t o  expect  t h e  p r o j e c t s  t o  be success fu l .  
We w i l l  a l l  be l e a r n i n g  a g r e a t  d e a l  more 
than we know now about t h i s  resource  i n  
which w e  b e l i e v e  t h e r e  i s  so much promise. 
Geothermal energy i s  a p r e s e n t l y  u s e f u l  
technology, but  wi th  b e t t e r  und t re tand ing  
of t h i s  resource ,  w e  can a s s u r e  i t s  p lace  
i n  t h e  f u t u r e .  

Two short- term flow tests may be 

Many of you may be 

With t h e  a p p l i c a t i o n  of your 

A s i g n i f i c a n t  event  i n  1984 was  t h e  
establ ishement  of an i n d u s t r y  peer  review 
group of r e s e r v o i r  eng ineers  and g e o l o g i s t s  
t o  hold p e r i o d i c  d i s c u s s i o n s  wi th  t h e  
Lawerence Berkeley Laboratory (LBL) on 
f u t u r e  d i r e c t i o n s  f o r  r e s e a r c h  i n  under- 
s tand ing  geothermal r e s e r v o i r s .  I n  t h e  
f i r s t  meeting (August 21, 198G), t h e  panel 
reviewed t h e  c u r r e n t  research  and compared 
t h e  p rogress  t o  t h e  needs of indus t ry .  
Suggest ions from t h e  f i r s t  meeting w i l l  be 
discussed by G u l a t i  and Lippmann l a t e r  i n  
t h e  workshop. LBL t ransmi t ted  t h e  panel  
sugges t ions  t o  DOE, and we w i l l  t a k e  a c t i o n  
on t h e s e  suggest ions.  Only minor r e d i r e c-  
t i o n  w i l l  be p o s s i b l e  f o r  t h e  p r o j e c t s  t h i s  
year ,  but some s i g n i f i c a n t  changes can be 
expected f o r  f u t u r e  years .  
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W e  need t h e  comments and adv ice  of t h e  
geothermal i n d u s t r y  f o r  our research  t o  
maintain i t s  relevance t o  t h e  problems 
faced by indus t ry ,and  we a s s u r e  you t h a t  we 
va lue  your advice very highly.  Any 
sugges t ions  we rece ive  will be thoroughly 
considered,  and w e  w i l l  u s e  t h e  i n d u s t r y  
needs t o  guide our geothermal programs. 
We look forward t o  i n c r e a s i n g  our  
cooperat ion with i n d u s t r y  through cos t -  
shared s t u d i e s  and o t h e r  j o i n t  p r o j e c t s .  
Working wi th  i n d u s t r y ,  we w i l l  provide 
t h e  technology base needed t o  develop t h i s  
n a t i o n ' s  ex tens ive  geothermal resources .  

TABLE 1. DOE FISCAL YEAR 1985 PROJECTS I N  
RESERVOIR DEFINITION, BRINE I N J E C T I O N ,  
AND STIMULATION 

Reservoir  Technology: $3,117K 
Lawrence Berkeley Laboratory: 

Program Guidance 
Reservoir  Analysis  
F r a c t u r e  Mapping 
V e r t i c a l  Seismic P r o f i l i n g  

Workshop and Seminars 
Adsorption of Water on Cores 
Well-test Analysis  and Experiments 
Deplet ion Model 

Oregon DOGAMI: 
Cascades I n v e s t i g a t i o n  

Idaho Operat ions O f f i c e  DOE: 
Cost-shared D r i l l i n g  
Measurements i n  Holes 

Geophysical F r a c t u r e  Detec t ion  

Seismic Techniques 
E l e c t r i c a l  Techniques 
Geochemical Techniques 
Gravimetry Support 

Stanford:  

Univers i ty  of Utah Research I n s t . :  

U.S. Geological  Survey: 

Brine I n j e c t i o n :  $1,3OOK 

Lawrence Berkeley Laboratory: 

S tanford  : 
Analysis  of I n j e c t i o n  

I n j e c t i o n  of Tracers  

Seismic Monitoring 

I n j e c t i o a  Models 

I n j e c t i o n  Backflow 

. Lawrence Livermore Laboratory: 

Idaho Nat iona l  Engineering Lab: 

Univers i ty  of Utah Research Ins t . :  

S t imula t ion :  .$ 650K 

Sandia Nat iona l  Laboratory: 
Permeabi l i t y  Enhancement 
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