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I w i l l  make my remarks b r i e f  i n  the  i n t e r e s t  o f  g e t t i n g  on w i t h  the  
s c i e n t i f i c  sub jec t  o f  t h i s  workshop, which I l i k e  t o  regard as the !science 
o f  geothermal rese rvo i r s .  
w i t h  the  science o r  technology o f  how t o  f i n d  and how t o  assess the  energy 
p o t e n t i a l  o f  these rese rvo i r s  ( a l b e i t  impossib le t o  make a c lean separa t ion  
between the  r e l a t e d  technologies) ;  bu t  r a t h e r  our  purpose i s  t o  focus on 
the  behavior o f  rese rvo i r s  under t he  s t imu lus  o f  p roduc t ion  and commercial 
e x t r a c t i o n  o f  heat.  

To be more s p e c i f i c ,  we are  no t  concerned here 

A t  NSF we f e e l  t h i s  i s  a h i g h l y  opportune moment t o  convene such a group 
as t h i s .  Many research and development e f f o r t s  a re  now underway i n  t h i s  
area, and many have reached t h a t  p o i n t  where s i g n i f i c a n t  r e s u l t s  have been 
achieved and where new data and new quest ions a r e  being generated a t  a r a p i d  
pace. 
e f f o r t s  were i n i t i a t e d  through the  NSF Geothermal Program.) 

( I n  a moment I w i l l  review the  recent h i s t o r y  of how many o f  these 

Therefore, NSF i s  pleased t o  support  Stanford U n i v e r s i t y  i n  sponsoring 
t h i s  workshop, and i n  beha l f  o f  the  Foundation I want t o  welcome you here. 
We have attempted t o  gather those who a r e  c u r r e n t l y  a c t i v e  i n  geothermal 
r e s e r v o i r  engineer ing research and who a r e  i n  the  f o r e f r o n t  o f  new knowledge 
and experience o f  t h i s  r a p i d l y  expanding f i e l d .  

I n  t h i s  o b j e c t i v e ,  I t h i n k  D r .  Paul Kruger and h i s  col leagues a t  Stanford 
have succeeded admirably.  The response t o  workshop i n v i t a t i o n s ,  I understand, 
has been e n t h u s i a s t i c  and almost 100% i n  acceptances. Some request!; t o  a t -  
tend had t o  be discouraged, no t  because the  people a re  no t  smart enough and 
n o t  because they l ack  a l e g i t i m a t e  i n t e r e s t  i n  the sub jec t  area and f i nd ings  
o f  t h e  workshop. 
s i z e  so as t o  enable f r u i t f u l  and spontaneous exchange o f  ideas among the  
a c t i v e  researchers i n  the  f i e l d .  

Rather, at tendance had t o  be constra ined t o  a manageable 

Because there  i s  a wide community o f  i n t e r e s t  i n  these matters:,  1 have 
asked Stanford t o  prepare a r e p o r t  summarizing the papers, d iscuss ions and 
f i nd ings  o f  these th ree  days. They have agreed t o  do t h i s ,  and the  r e p o r t  
w i l l  be made a v a i l a b l e  t o  a l l  who a re  i n te res ted .  Furthermore, I f u l l y  
expect t o  see numerous conferences and symposia i n  the coming year devoted 
t o  t h i s  and o the r  areas o f  geothermal science. These meetings, a t  which 
many o f  you w i l l  present papers, w i l l  p rov ide  ample oppo r tun i t y  f o r  the  
d i f f u s i o n  o f  new and cu r ren t  knowledge t o  t he  whole community o f  techn ica l  
and commercial i n t e r e s t .  

I want t o  extend a spec ia l  welcome t o  the  workshop p a r t i c i p a n t s  who 
have come here from o the r  coun t r i es .  
count ry  t o  p a r t i c i p a t e  i n  t h i s  workshop, bu t  we look  w i t h  a n t i c i p a t i o n  t o  

You a re  no t  on l y  welcome i n  our  
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st rengthen personal and p ro fess iona l  r e l a t i onsh ips  w i t h  you t ha t  w i l l  be 
o f  mutual b e n e f i t  i n  ou r  research e f f o r t s  i n  t h e  f u tu re .  

Now, i t  may i n t e r e s t  you t o  know how some o f  the U.  S .  e f f o r t s  were 
s ta r t ed .  The f i r s t  p r o j e c t  t o  be i n i t i a t e d  by NSF was r i g h t  here a t  
Stanford. Paul Kruger i n  S tan fo rd ' s  C i v i l  Engineer ing Department had some 
ideas about tapping steam o u t  o f  a rubb le  chimney created by an underground 
exp los ion  i n  ho t  rock, and he wanted t o  exp lo re  t he  thermal and mass t rans-  
f e r  processes t o  be expected i n  such a s i t u a t i o n  and t o  f i n d  ways t o  e x t r a c t  
t h e  heat.  Henry Ramey, over  i n  t he  Petroleum Engineering Department, 
wanted answers t o  quest ions o f  fundamental behavior o f  ho t  water and steam 
t h a t  had a r i sen  i n  h i s  consu l t i ng  p r a c t i c e  a t  The Geysers and ou t  o f  h i s  
extens ive experience i n  ho t  water f l o o d i n g  and o ther  thermal s t i m u l a t i o n  
methods i n  o i l  r ese rvo i r s .  Th is  p r o j e c t  was s t a r t e d  i n  J u l y  1972. 

Take a look a t  F i gu re  1 ,  and see how the  funding has progressed a t  
NSF i n  t h i s  important area. Our funding i n  r ese rvo i r  engineer ing research 
has peaked i n  FY 1975 as i n  every area o f  t he  NSF Geothermal Program, I t  
i s  i n t e r e s t i n g  t o  no te  i n  re t rospec t ,  t h a t  20% of t he  $13.4  m i l l i o n  t o t a l  
investment i n  geothermal energy by NSF over a f ive- year  pe r i od  has been 
devoted t o  r e s e r v o i r  engineer ing.  
r a t e  i n  the  e a r l y  pe r i od  than d i d  t he  program as a whole, bu t  f o l l ow ing  
t he  format ion o f  ERDA i n  FY 1975, I t  has become a l a rge r  f r a c t i o n  of t h e  
whole. Th is  increased r e l a t i v e  emphasis der i ves  from our p o l i c y  t o  focus, 
no t  on t h e  engineer ing app l i ca t i ons ,  no t  on t he  u t i l i z a t i o n  technology and 
t he  p i l o t  p l an t s  and t he  demonstrat ion p l an t s ,  and not  on t he  i n s t i t u t i o n a l  
and non- technical  b a r r i e r s  t o  u t i l i z a t i o n ,  bu t  r a the r  on the  fundamental 
science problems i n h i b i t i n g  t h e  f u l l e s t  development o f  the  resource, 
C lea r l y ,  problems concerning r e s e r v o i r  phenomena comprise a s i g n i f i c a n t  
p a r t  o f  t h i s  concern f o r  new fundamental knowledge, and the NSF program i s  
moving i n  t h a t  d i r e c t i o n .  

The investment grew a t  a somewhat lesser  

F i n a l l y ,  f o r  a word on our  c u r r e n t l y  a c t i v e  p ro j ec t s ,  each o f  which 
w i l l  be repor ted a t  t h i s  workshop, please look a t  f i g u r e  2. Here I have 
l i s t e d  t he  grantee i n s t i t u t i o n s ,  the  research area of  each p r o j e c t ,  t he  
p r i n c i p a l  i nves t i ga to r ,  and the  cumulat ive funding through FY 1975. The 
s ta tus  of  t h e  research represented on t h i s  l i s t  w i l l  un fo ld  i n  t he  t h r e e  
days ahead o f  us. 

I t  i s  going t o  be a very  s t i m u l a t i n g  t h ree  days, as no t  on l y  t h e  NSF 
research i s  descr ibed bu t  a l s o  t h a t  o f  t he  U. S .  Geological  Survey, i n  
t he  ERDA l abo ra to r i es ,  i n  t he  f i e l d  and i n  l abo ra to r i es  of  p r i v a t e  U.  S .  
companies, and i n  f o r e i g n  coun t r i es  w i t h  a c t i v e  geothermal programs and 
who are  represented here today. 
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Figure  1 .  Reservoir  Engineering Support i n  
t h e  Geothermal Energy Program of 
The Nat iona l  Science Foundation. 
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National Science Foundation 

GEOTHERMAL ENERGY PROGRAM 
RESERVOIR ENGINEERING PROJECTS 

Pr i nci pal Fund i ng 
Institution Res ear ch Investigator (5) thru FY75 

Stanford U.  

Penn State U. 

Princeton U. 

Colorado U. 

Sys tems Science 

U. of Hawaii* 

Northwestern U. 

laboratory experiments in 
heat and mass transfer 

laboratory experiments in 
reservoir chemistry 

numer i ca 1 mode 1 i ng of 
Wairakei field by finite 
element method 

numerical modeling 
problems by finite 
difference methods 

numerical modeling of 
Salton Sea field by 
finite difference 
methods 

numerical modeling of 
coastal aquifer problem 

rock mechanics problems 
in stimulation of geo- 
thermal reservoirs 

Henry Ramey, Jr. $ 586,700 
Paul Kruger 

Hugh Barnes, 
Wayne Burnham 

George Pi nder 

David Kassoy 

John Pritchett 

Ping Cheng 

Hans Weer tman 

402 ) 000 

249,500 

248,300 

378) 000 

61,100 

213,900 

* 
Transferred to ERDA under Hawaii Geothermal Project 

Figure 2 
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