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PREFACE 

The D i v i s i o n  of Geothermal Energy "Geothermal P r o j e c t  Summaries" 
p r o v i d e s  p e r t i n e n t  i n fo rma t ion  on each  a c t i v e  ERDA Geothermal p r o j e c t ,  
i n c l u d e s  a l i s t i n g  of a l l  c o n t r a c t o r s  and a compi l a t ion  of completed 
p r o j e c t s .  
p r o j e c t  d a t a  w i l l  be p repa red  on a semiannual b a s i s .  
w i l l  be  i s s u e d  annua l ly .  
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A r e v i s e d  r e p o r t  
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INTRODUCTION 

Th i s  r e p o r t ,  ERDA-76/53/1, r e p l a c e s  ERDA 76-53 i n  i t s  e n t i r e t y .  A s  t h e  
r e p o r t  number i n d i c a t e s ,  t h i s  i s  t h e  f i r s t  1976 r e v i s i o n  t o  ERDA 76-53, 
t h e  D i v i s i o n  of Geothermal Energy (DGE) "Geothermal P ro jec t  Summaries" 
i s s u e d  i n  A p r i l  1976. The d a t e  of o r i g i n a l  i s s u e  o r  l a t e s t  r e v i s i o n  is 
i d e n t i f i e d  on each  page. 

"Geothermal P r o j e c t  Summaries" makes a v a i l a b l e  a compi la t ion  of a l l  DGE 
suppor t ed  p r o j e c t s  f o r  which c o n t r a c t s  have been executed. Subcon t rac t s  
and suppor t  c o n t r a c t s  are g e n e r a l l y  inc luded  i n  t h e  summary f o r  t h e  
primary c o n t r a c t .  A l l  funding  d a t a  are p resen ted  i n  the  f i s c a l  y e a r ( s )  
du r ing  i n  which t h e  funds  were o b l i g a t e d .  Each summary i n c l u d e s  p e r t i -  
nent  s t a t i s t i c a l  d a t a  f o r  t h a t  p r o j e c t  and an  a b s t r a c t ,  p repared  by t h e  
a p p r o p r i a t e  Program Manager, summarizing t h e  p r o j e c t  p lans  and 
accomplishments.  

I t  should  be noted  t h a t  each  ERDA l a b o r a t o r y  o p e r a t e s  under a unique 
c o n t r a h t  number. Thus a l l  p r o j e c t s  performed by t h a t  l abo ra to ry  w i l l  
c a r r y  t h e  same c o n t r a c t  number. These are i d e n t i f i e d  i n  Appendix B . l .  
I n  a d d i t i o n ,  s i n c e  t h e  ERDA l a b o r a t o r i e s  are funded each f i s c a l  y e a r ,  
t h e  Con t rac t  Terms i n d i c a t e d  i n  t h e  P r o j e c t  Summaries f o r  t h e  ERDA 
l a b o r a t o r i e s  do n o t  ex tend  beyond FY 1977. 

The p r o j e c t s  summarized i n  t h i s  r e p o r t  f a l l  i n t o  s i x  c a t e g o r i e s :  
eng inee r ing  r e s e a r c h  and development,  r e s o u r c e  e x p l o r a t i o n  and a s ses s -  
ment, hydro thermal  technology a p p l i c a t i o n s ,  advanced technology app l i ca -  
t i o n s ,  u t i l i z a t i o n  expe r imen t s ,  and envi ronmenta l  c o n t r o l  and i n s t i t u -  
t i o n a l  s t u d i e s .  A l l  a c t i v e  c o n t r a c t s  i n  a g iven  ca tegory  a r e  l i s t e d  
a t  t h e  beginning  of t h a t  c h a p t e r .  Completed p r o j e c t s  a r e  compiled i n  
Appendix A. The l i s t i n g  of c o n t r a c t o r s  p re sen ted  i n  Appendix B 
i d e n t i f i e s  a l l  p r o j e c t s  pursued by each  o r g a n i z a t i o n  while Appendix C 
i d e n t i f i e s  t hose  p r o j e c t s  i n  which each  p r i n c i p a l  i n v e s t i g a t o r  i s  
engaged. P r o j e c t s  a r e  l i s t e d  by s ta te  i n  Appendix D. 
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1.0 ENGINEERING RESEARCH AND DEVELOPMENT 

The objective of the Engineering Research and Development subprogram 
is to bring the technologies required for geothermal development to the 
point of readiness for practical application, thereby establishing the 
technical foundation for growth and development of the geothermal indus- 
try. Research and development projects will be carried out at ERDA lab- 
oratories, universities, and industrial facilities. Drilling technology 
development, to improve the efficiency and reduce the cost of drilling 
f o r  geothermal resources, will stress high temperature drill bits, down- 
hole replaceable drill-bit cutting surfaces and other novel drilling 
techniques such as explosive and spark drilling. In addition, jet drilling 
techniques will be refined for application to deep holes. 
technology projects will address development of: materials to perform in 
high temperature, corrosive environments; scaling and corrosion control 
techniques; direct-contact and other types of heat exchangers; total-flow 
power conversion systems; energy extraction technology; and reservoir 
stimulation techniques. 

Utilization 

3 
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P r o j e c t  T i t l e :  Replaceable  C u t t i n g  Sur face  D r i l l  B i t s  

C o n t r a c t  No: E (  29-1)-0789 

SUMMARY 

T h i s  program i n v e s t i g a t e s  t h e  f e a s i b i l i t y  of d r i l l  b i t s ,  u s a b l e  on 
e x i s t i n g  deep-well  r o t a r y  d r i l l i n g  p l a t f o r m s ,  which would i n c r e a s e  down- 
h o l e  l i f e  by p rov id ing  an  i n c r e a s e  i n  t h e  rock -cu t t ing  s u r f a c e  a v a i l a b l e .  
The d r i l l  b i t s  would use  a con t inuous  b e l t  of c u t t i n g  s u r f a c e ,  r o t a t e d  
i n t o  t h e  bottom of t h e  h o l e  as necessa ry  t o  ma in ta in  an  e f f e c t i v e  cu t -  
t i n g  s u r f a c e ,  and a more conven t iona l  r o l l e r  cone  b i t  t h a t  can  be  re- 
p laced  downhole. The e x i s t i n g  r o t a r y  t k r n t a b l e  would r o t a t e  t h e  d r i l l  
stem and d r i l l ,  w h i l e  t h e  d r i l l i n g  f l u i d  would r o t a t e  t h e  c h a i n  o r  se- 
quence t h e  cone rep lacement  mechanism, t h u s  e l i m i n a t i n g  t h e  need f o r  
s p e c i a l  d r i l l - s t e m  o r  a d d i t i o n a l  downhole power. 

Two t y p e s  of d r i l l  b i t s  w i l l  be  des igned:  
d r a g  b i t  4.75 i nches  i n  d i ame te r  f o r  d r i l l i n g  ha rd  rock . fo rma t ions ;  and 
a downhole changeable r o l l e r  cone b i t  8.0 i nches  i n  d i a m e t e r  f o r  d r i l l -  
i n g  s o f t e r  format ions .  
( s u p p o r t i n g  d r i l l i n g  l o a d s  on s p r o c k e t  hubs) and f l u i d  pas sages  w i l l  be  
s imi l a r  f o r  both b i t s .  

The l e n g t h  of t h e  con t inuous -be l t  d r i l l s  i s  v a r i a b l e  up t o  60  f e e t  o r  
more. Assuming a 30-foot l e n g t h ,  t h e  diamond d r a g  b i t  c o u l d  have  approx- 
ima te ly  1000 squa re  inches  of c u t t i n g  s u r f a c e ,  as compared t o  20 s q u a r e  
i n c h e s  f o r  conven t iona l  diamond b i t s .  A r o l l e r  cone b i t  of t h e  same 
l e n g t h  could  c o n t a i n  3200 s q u a r e  i n c h e s  of c u t t i n g  s u r f a c e ,  compared 
t o  100 s q u a r e  inches  i n  a n  e x i s t i n g  r o l l e r  b i t  o f  comparable  d i ame te r .  

A working mechanical model of each  b i t  w i l l  be  deve loped  t o  demons t r a t e  
t h i s  d r i l l i n g  t echn ique  i n  t h e  l a b o r a t o r y ,  and working p r o t o t y p e s  w i l l  
be  b u i l t  t o  demonst ra te  t h e  system p o t e n t i a l  w i th  a n  e x i s t i n g  r o t a r y  
r i g  i n  t h e  f i e l d .  

a con t inuous  c h a i n ,  diamond 

The d r i v i n g  mechanisms, l oad -bea r ing  t echn ique  

Four low-cost p ro to types  of t h i s  con t inuous  c h a i n  d r i l l  b i t  were 
f a b r i c a t e d  and t e s t e d  f o r  d r i l l i n g  a b i l i t y .  These tests demonst ra ted  
s i g n i f i c a n t  improvement i n  i n s t a n t a n e o u s  p e n e t r a t i o n  r a t e  i n  ha rd  rock. 

A p r o t o t y p e  downhole changeable  b i t  was t e s t e d  i n  a d r i l l i n g  s i m u l a t o r .  
Due t o  t h e  seve re  space  l i m i t a t i o n s  imposed by t h e  d e s i g n  t h e  j o u r n a l  
b e a r i n g s  and cones were approximate ly  one-half  t h e  d i ame te r  of compar- 
a b l e  s i z e  t r i c o n e  b i t s .  The j o u r n a l s  s u f f e r e d  s t r u c t u r a l  f a i l u r e  a t  
4 0 , 0 0 0  pound t o t a l  load .  A b i t  r e d e s i g n  i n c o r p o r a t i n g  Compax e l emen t s  
i s  b e i n g  cons ide red .  
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P r o j e c t  T i t l e :  D r i l l i n g  Research  and Development on t h e  E l e c t r i c a l  
Detonat ion  and Subsequent C a v i t a t i o n  i n  a Liquid  
(Spark  D r i l l i n g )  Technique  

C o n t r a c t  No: E(29-1) -0789 

C o n t r a c t o r :  Sandia  L a b o r a t o r i e s  
Albuquerque, N e w  Mexico 

P r i n c i p a l  Melvin M. Newsom 
I n v e s t i g a t o r :  (505) 264-8920 

FTS 475-8920 

Program Manager: C l i f t o n  Carwi le  
(202) 376-4912 
FTS 376-4912 

P r o j e c t  Ob jec t ive :  To deve lop  and demons t r a t e  a long  l i f e ,  h igh  
p e n e t r a t i o n  r a t e  d r i l l i n g  system based on spark  
d r i l l i n g .  

Funding: FY 75 - $157K 
FY 76/TQ - $610K 

Con t rac t  Term:  711 174-9130 177 

Repor t s  I s sued :  R. J. Lawrence and E. G. Young, "Numerical Ana lys i s  
of Spark D r i l l  Phenomenology," Sandia  Labora to r i e s  
r e p o r t  SAND-75-0501 (October  1975) 

Melvin M. Newsom, " D r i l l i n g  Research a t  Sandia 
L a b o r a t o r i e s , "  SAND-76-5194 
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P r o j e c t  T i t l e :  D r i l l i n g  Research  and Development on t h e  E l e c t r i c a l  
De tona t ion  and Subsequent C a v i t a t i o n  i n  a L iqu id  
(Spark  D r i l l i n g )  Technique  

C o n t r a c t  No: E(29-1)-0789 

SUMMARY 

The primary o b j e c t i v e  of  t h e  s p a r k  d r i l l i n g  program is  t o  deve lop  and 
demonst ra te  a l ong  l i f e .  h igh  p e n e t r a t i o n  r a t e  d r i l l i n g  sys tem t h a t  
i s  compa t ib l e  wi th  e x i s t i n g  d r i l l i n g  r i g s  and which can  b e  adap ted  t o  
h i g h l y  mobi le  s p e c i a l  purpose  r i g s .  

The proposed r e s e a r c h  w i l l  de t e rmine  t h e  f e a s i b i l i t y  of  u s ing  an  
e l e c t r i c a l  d i s c h a r g e  i n  a f l u i d  f o r  d r i l l i n g .  S p e c i f i c a l l y ,  s p a r k  
d r i l l i n g  f o r  e x p l o r a t i o n  and development of geothermal  r e s e r v e s  w i l l  
be  i n v e s t i g a t e d ,  a l though  t h e  i n f o r m a t i o n  developed i n  t h i s  i n v e s t i -  
g a t i o n  w i l l  have a p p l i c a t i o n  t o  a l l  t y p e s  of d r i l l i n g .  

I n  de t e rmin ing  t h e  a p p l i c a b i l i t y  of s p a r k  d r i l l i n g ,  s e v e r a l  fundamenta l  
q u e s t i o n s  must be  answered. The f i r s t  r e l a t e s  t o  t h e  rock  f r a c t u r e  
mechanism. The two prime mechanisms b e l i e v e d  r e s p o n s i b l e  f o r  f r a c t u r e  
are t h e  i n i t i a l  shock wave gene ra t ed  soon a f t e r  t h e  e l e c t r i c a l  b reak-  
down and t h e  c a v i t a t i o n a l  c o l l a p s e  of t h e  bubb le  gene ra t ed  by t h e  ' 

spa rk .  An e l e c t r i c a l  d i s c h a r g e  i n  a l i q u i d  c r e a t e s  a p r e s s u r e  p u l s e  
wi th  a shock f r o n t .  T h i s  p r e s s u r e  p u l s e  w i l l  be  measured and charac-  
t e r i z e d  t o  e v a l u a t e  i t s  p o t e n t i a l  f o r  f a i l i n g  rock u s i n g  r e c e n t l y  
deve loped  t echn iques .  These expe r imen t s  w i l l  a l s o  c h a r a c t e r i z e  t h e  
p r e s s u r e  wave a t  h igh  h y d r o s t a t i c  p r e s s u r e s .  The p r e s s u r e  p u l s e  is 
formed by an  expanding  plasma channe l  which grows i n t o  a low p r e s s u r e  
vapor  bubb le  t h a t  c o l l a p s e s ,  c a u s i n g  a h igh  p r e s s u r e  j e t  t o  be  formed. 
T h i s  c a v i t a t i n g  a c t i o n  g i v e s  an  a d d i t i o n a l  mechanism f o r  comminution, 
b u t  t h e  d e s t r u c t i v e  p o t e n t i a l  of t h i s  p r o c e s s  under h igh  p r e s s u r e s  is 
unknown. The prime rock  f a i l u r e  mode must a l s o  be  i d e n t i f i e d  s o  t h a t  
o p t i m i z a t i o n  t o  maximize t h e  e f f e c t  can  b e  accomplished. 

Shock wave p r e s s u r e  magni tudes  have  been expe r imen ta l ly  de te rmined  by 
pho tograph ic  s t r e a k  r e c o r d s  and d i r e c t  n e a r  f i e l d  p r e s s u r e  measurements 
u s ing  a newly developed  l i t h ium-n ioba te  t r ansduce r .  Th i s  r e p r e s e n t s - t h e  
f i r s t  r e p o r t e d  nea r  f i e l d  p r e s s u r e  measurement nea r  an  a r c  i n  water .  
One and two-dimensional hydrodynamic a n a l y s e s  have been  completed based  
on t h e s e  measurements.  

Labora to ry  s p a r k  d r i l l i n g  expe r imen t s  have  been  conducted  on l imes tone ,  
s ands tone ,  g r a n i t e ,  and d i o r i t e .  B i t  l i f e t i m e  was on t h e  o r d e r  of min- 
u t e s  and a d d i t i o n a l  work i s  r e q u i r e d  i n  t h i s  a r e a .  
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P r o j e c t  T i t l e :  D r i l l i n g  Research on t h e  T e r r a - D r i l l  Technique 

Con t rac t  No: E(29-1) -0789 

Con t rac to r :  Sandia  L a b o r a t o r i e s  
Albuquerque, New Mexico 

P r i n c i p a l  E. W. Reece 
I n v e s t i g a t o r s :  (505) 264-4911 

FTS 475-4911 

C. W. Young 
(505) 264-7783 
FTS 475-7783 

Program Manager: C l i f t o n  C a r w i l e  
( 2 0 2 )  316-4912 
FTS 376-4912 

P r o j e c t  Ob jec t ive :  To demonst ra te  t h e  f e a s i b i l i t y  of and e s t a b l i s h  t h e  
economic t r a d e o f f s  of a Terra-Rock D r i l l  system. 

Funding: FY 15  - $ 25K 
FY 76lTQ - $310K 

Con t rac t  T e r m :  111 174-9130177 

Repor t s  I s sued :  Melvin M. Newsom, " D r i l l i n g  Research a t  Sandia  
Labora to r i e s . "  SAND-76-5194 (March 1976) 

P r o j e c t  T i t l e :  D r i l l i n g  Research  on  t h e  T e r r a - D r i l l  Technique 

Con t rac t  No: E(29-1)-0789 

SUMMARY 

3 

The T e r r a - D r i l l  combines t h e  technology of  t e r r adynamics  wi th  t h a t  of 
t h e  r o t a r y  rock  b i t .  
f e a s i b i l i t y  of and e s t a b l i s h  t h e  economic t r a d e o f f s  of a Terra-Rock 
D r i l l  System. 
t r a t i o n  of rocks ,  p r o j e c t i l e  m a t e r i a l  s e l e c t i o n f o r  p e n e t r a t i o n  and 
d i s i n t e g r a t i o n ,  h igh  t empera tu re  p r o j e c t i l e  l aunche r  p r o p e l l a n t ,  and 
au to l aunch  and re load  system development.  I n i t i a l  e f f o r t  w i l l  be  d i -  
r e c t e d  a t  a i r  d r i l l i n g ,  s i n c e  use  of t h i s  d r i l l i n g  f l u i d  p r e s e n t s  t h e  
least  number of problems i n  l aunche r  des ign .  

The g o a l  of t h i s  p r o j e c t  i s  t o  demons t r a t e  t h e  

This r e q u i r e s  an  unde r s t and ing  of s m a l l  p r o j e c t i l e  pene- ~ 

A s  a p r o j e c t i l e  p e n e t r a t e s  a rock  i t  c r e a t e s  many f r a c t u r e s  which i n  
t u r n  weaken, i f  not comminute, t h e  rock. The Terra-Drill is based  on 
t h e  s u p p o s i t i o n  t h a t  h i g h l y  f r a c t u r e d  rock  can  b e  d r i l l e d  more e a s i l y  
than  un f rac tu red ,  homogeneous ha rd  rock .  The re fo re ,  t h e  T e r r a - D r i l l  
p r o j e c t i l e  p e n e t r a t e s  and weakens t h e  rock  ahead of t h e  b i t  and t h e  
rock  b i t  c u t s  the h o l e  t o  gauge wi th  a h i g h e r  p e n e t r a t i o n  r a t e  and 
longe r  b i t  l i f e .  

The T e r r a - D r i l l  r e q u i r e s  an automated p r o j e c t i l e  l aunche r  sys tem 
c o n s i s t i n g  of from one  t o  t h r e e  l a u n c h e r s  w i th  a magazine f o r  p r o j e c t i l e  
s t o r a g e .  
(240 kg) of p r o j e c t i l e s  would b e  r e q u i r e d  t o  p e n e t r a t e  5 ,000  f t  of ha rd  
rock. 
f o r  a rock  b i t  to d r i l l  s a t i s f a c t o r i l y .  

P re l imina ry  p r e d i c t i o n s  i n d i c a t e  t h a t  approx ima te ly  500 l b s  

B i t  weight is n o t  a problem, s i n c e  l a r g e  s t a t i c  l o a d s  a r e  r e q u i r e d  

I n  o r d e r  t o  t e s t  t h e  b a s i c  concep t ,  a n  i n - s i t u  d r i l l i n g  test  i n  a Madera 
l imes tone  formation was des igned  and conducted. 
assembly  was lowered i n t o  a d r i l l  h o l e  and t h e  p r o j e c t i l e s  f i r e d .  
assembly w a s  then removed from t h e  h o l e  and a r o t a r y  b i t  and s t e m  pu t  
i n .  D r i l l i n g  then proceeded f o r  a d i s t a n c e  of s i x  inches .  
r a t e  was improved by a f a c t o r  of two ove r  s t r a i g h t  r o t a r y  d r i l l i n g .  

A t h r e e  b a r r e l  gun 
The 

The d r i l l i n g  

1.1 Drilling Technology 1-7 Revised September 1, 1976 



1.1 Drilling Technology 

P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j  e c t  Ob j e c t  i v e :  

Funding: 

C o n t r a c t  Term: 

Repor t s  I s sued :  

1-8 

I n v e s t i g a t i o n  f o r  Innova t ive  Diamond Compax 
M a t e r i a l  i n  Geothermal Dr i l l  B i t  Development 

E(49-18)-2360 

Genera l  E l e c t r i c  Company 
Schenec tady ,  New York 

L .  E.  Hibbs ,  J r .  
(518) 385-8330 

C l i f t o n  Carwi l e  
(202) 316-4912 
FTS 376-4912 

Development of new t y p e  of d r i l l  b i t  des igns  t h a t  
w i l l  pe rmi t  i n c r e a s e d  p e n e t r a t i o n  r a t e s  and longe r  
b i t  l i f e ,  u t i l i z i n g  h igh  p r e s s u r e  s i n t e r e d  poly- 
c r y s t a l l i n e  diamond compacts f o r  t h e  c u t t i n g  edges .  

FY 75 - -- 
FY 76/TQ - $272K 

6130176-6130177 

None 

September 1,1976 

P r o j e c t  T i t l e :  I n v e s t i g a t i o n  f o r  I n n o v a t i v e  Diamond Compax 
M a t e r i a l  i n  Geothermal D r i l l  B i t  Development 

Con t rac t  No: E(49-18)-2360 

SUMMARY 

Under t h i s  p r o j e c t  t h e  Genera l  E l e c t r i c  Company w i l l  i n v e s t i g a t e  t h e  
u t i l i z a t i o n  of i t s  diamond Compax m a t e r i a l  i n  a new and improved rock  
d r i l l  b i t  d e s i g n .  
r o t a r y  d r i l l i n g  methods.  I t  i s  expec ted  t h a t  t h e  new b i t s  w i l l  have  
l o n g e r  l i f e  and h i g h e r  p e n e t r a t i o n  r a t e s  compared t o  conven t iona l  t y p e s  
of b i t s  i n  a wide range  of rock  fo rma t ions  under geothermal  c o n d i t i o n s .  

The b i t  d e s i g n  w i l l  be compa t ib l e  wi th  e x i s t i n g  

The program i n c l u d e s  l a b o r a t o r y  t e s t i n g  of diamond compacts f o r  c u t t e r  
wear r a t e s ,  f a i l u r e  mode a n a l y s i s ,  s h e a r  and u l t i m a t e  s t r e n g t h  and 
impact a t  e l e v a t e d  t empera tu re ;  d e s i g n  and f a b r i c a t i o n  of a Compax 
d r i l l  b i t  f o r  i n s t r u m e n t a l  l a b o r a t o r y  t e s t i n g ;  f i e l d  t e s t i n g ;  and a n  
economic a n a l y s i s  of t h e  improved b i t  u t i l i z a t i o n .  
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P r o j e c t  T i t l e :  Geothermal Down-well I n s t r u m e n t a t i o n  (Pumping) 

C o n t r a c t  No: E ( 11- 1)  - 2750 

Con t rac to r :  Spe r ry  Research  Cen te r  
Sudbury, Massachuse t t s  

P r i n c i p a l  Warren D. McBee 
I n v e s t i g a t o r :  (617) 369-4000 

Program Manager: C l i f t o n  Carwi le  
(202)  376-4912 

FTS 376-49ii  

P r o j e c t  Ob jec t ive :  To develop  and demonst ra te  a downhole d a t a  
t r ansmiss ion  system f o r  use  d u r i n g  pumping 
o p e r a t i o n s .  

Funding: FY 75 - $ 67K 
FY 76/TQ - $182K 

C o n t r a c t  T e r m :  6/20/75-9130176 

Repor ts  I s sued :  None 

Geothermal Down-well I n s t r u m e n t a t i o n  (Pumping) P r o j e c t  T i t l e :  

Con t rac t  No: E (11-1) -2750 

SUMMARY 

The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  deve lop  and demons t r a t e  a wireless 
sys tem f o r  t r a n s m i t t i n g  d a t a  t o  t h e  s u r f a c e  from downhole i n  a geother -  
mal w e l l  dur ing  pumping. The primary approach  is t o  use  a c o u s t i c  t r a n s -  
mis s ion  up piping s t r i n g s  and t o  g e n e r a t e  s i g n a l i n g  power from energy  
s o u r c e s  normally p r e s e n t  downhole. The proposed p l an  i n c l u d e s  f i e l d  
measurement of  t h e  a c o u s t i c  n o i s e  s p e c t r a  p r e s e n t  i n  t h e  f i e l d  s i t u a -  
t i o n ;  a n a l y s i s  of e x i s t i n g  energy  s o u r c e s  and a c o u s t i c  c h a n n e l s ;  and 
development,  l ab  t e s t i n g  and f i e l d  f e a s i b i l i t y  demons t r a t ions  of t h e  
necessa ry  s i g n a l  g e n e r a t i o n ,  d a t a  t r a n s m i s s i o n ,  and s i g n a l  p r o c e s s i n g  
sys tems.  The f i e l d  demons t r a t ions  w i l l  be  performed i n  c o n j u n c t i o n  
wi th  f i e l d  t e s t s  o f  t h e  geothermal  down-well pump b e i n g  developed  by 
Spe r ry  under c o n t r a c t  number E(11-1)-2838 and r e p o r t e d  i n  S e c t i o n  1.2.5. 
S e v e r a l  t ypes  of e l e c t r o m a g n e t i c  t r a n s m i s s i o n  sys tems w i l l  a l s o  be  in- 
v e s t i g a t e d  a s  a back-up method. 

For geothermal pumping, t h e  end r e s u l t  w i l l  b e  d a t a  on t h e  pump 
i n l e t  and o u t l e t  p r e s s u r e s ,  pump speed ,  and b r i n e  t empera tu re ,  a l l  
t r a n s m i t t e d  from pump t o  s u r f a c e  d u r i n g  o p e r a t i o n .  
a pump-driven a l t e r n a t o r  f o r  s i g n a l  power, a downhole h igh - t empera tu re  
e l e c t r o n i c s  package, and a c o u s t i c  ( o r ,  a s  back-up, e l e c t r o m a g n e t i c )  
d a t a  t r ansmiss ion  t o  t h e  s u r f a c e  on pump p ip ing .  I n  a d d i t i o n  t o  b e i n g  
a f e a s i b i l i t y  demons t r a t ion  of pumping i n s t r u m e n t a t i o n ,  t h i s  e f f o r t  
w i l l  deve lop  new and needed in fo rma t ion  on h igh- tempera ture  e l e c t r o n -  
i c s ,  t r ansduce r s  and  a c o u s t i c  ( o r  e l ec t romagne t i c )  downhole-to-surface 
s i g n a l  channels .  

The sys tem w i l l  use  
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P r o j e c t  T i t l e :  A c o u s t i c a l  D r i l l  Monitor 

Con t rac t  No: E(11-1)-2817 

Cont rac to r :  Spe r ry  Research Center  
Sudbury, Massachuse t t s  

P r i n c i p a l  Warren D. McBee 
I n v e s t i g a t o r :  (617) 369-4000 

Program Manager: C l i f t o n  Carwi le  
(202) 376-4912 
FTS 376-4912 

P r o j e c t  Ob jec t ive :  To develop  and demons t r a t e  a downhole da ta  
t r a n s m i s s i o n  system f o r  use  d u r i n g  d r i l l i n g  
o p e r a t i o n s .  

Funding: FY 75 - -- 
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Con t rac t  Term: 12/1/75-11/30/76 

Repor t s  I s sued :  None 

A c o u s t i c a l  D r i l l  Monitor P r o j e c t  T i t l e :  

Con t rac t  No: E (11- 1) -2817 

SUMMARY 

T h i s  p r o j e c t  complements and ex tends  development o f  t h e  a c o u s t i c  downhole 
d a t a  t r a n s m i s s i o n  system f o r  pumping o p e r a t i o n s  (by  Spe r ry  under c o n t r a c t  
number E(11-1)-2750 and r e p o r t e d  i n  S e c t i o n  1.1) t o  t h e  s e v e r e  envi ron-  
ments expe r i enced  d u r i n g  d r i l l i n g .  

A c t i v i t i e s  on  t h e  p r o j e c t  encompass t h e  fo l lowing  t a s k s :  

1. Measurement of t h e  background n o i s e  on t h e  d r i l l  s t r i n g  a t  t h e  
s u r f a c e  under a v a r i e t y  of d r i l l i n g  c o n d i t i o n s .  

2. Measurement of t r a n s m i s s i o n  l o s s e s  on t h e  d r i l l  s t r i n g  from t h e  b i t  
t o  t h e  s u r f a c e  d u r i n g  a v a r i e t y  of o p e r a t i o n s .  

3. Use of t h e  d a t a  from 1. and 2. t o  s p e c i f y  t h e  s i g n a l i n g  method, 
s i g n a l  d e s i g n  and s i g n a l  p r o c e s s i n g  requi rements .  

4. Study of  approaches  t o  s i g n a l  power g e n e r a t i o n  downhole d u r i n g  
d r i l l i n g .  

5. Trade-off s t u d y  and d e s i g n  recommendations f o r  a d r i l l i n g  t e l e m e t r y  
system. 

Follow-up work w i l l  i n c l u d e  d e t a i l e d  d e s i g n ,  f a b r i c a t i o n  and f e a s i b i l i t y  
demons t r a t ion  of t h e  d r i l l i n g  t e l e m e t r y  system. 

( 3 -  



P r o j e c t  T i t l e :  To Design and Exper imenta l ly  T e s t  an Improved 
Geothermal D r i l l  B i t  

C o n t r a c t  No: E (  10-1)-1546 

C o n t r a c t o r :  T e r r a  Tek, Inc .  
S a l t  Lake C i t y ,  Utah 

P r i n c i p a l  Sidney J. Green 
I n v e s t i g a t o r :  (801) 582-2220 

Program 'Manager: C i l f t o n  Carwi le  
(202) 376-4912 
FTS 376-4912 

P r o j e c t  Ob jec t ive :  To d e s i g n  and expe r imen ta l ly  t es t  an  improved 
geothermal  r o t a r y  d r i l l  b i t  capab le  of o p e r a t i n g  
i n  ha rd ,  a b r a s i v e  rock  a t  h igh  t empera tu res .  

Funding: FY 75 - $358K 
FY 76/TQ - $359K 

Con t rac t  Term: 5116175-5/26/77 

Repor ts  I s sued :  L. M. Barker.  S. J. Green, and W. C. Maurer, 
"Semi-Annual Report  on t h e  P r o j e c t  t o  Design and 
Exper imenta l ly  T e s t  an  Improved Geothermal D r i l l  
B i t , "  T e r r a  Tek r e p o r t  TR 76-3 ( Janua ry  1976) 

William C. Maurer,  "Topica l  Repor t  - P a t e n t  Search  
and Review on Ro l l e r -B i t  Bea r ings ,  S e a l s ,  and 
L u b r i c a t i o n  Systems," Terra Tek r e p o r t  TR 75-55 
(October 14, 1975) 

H .  R. P r a t t  and E. R. Simonson, "Geotechnica l  
S t u d i e s  of Geothermal R e s e r v o i r s  ," T e r r a  Tek 
r e p o r t  TR 76-2 ( Janua ry  €976) 

William J. McDonald. "Topica l  Repor t  - Steady-Sta te  
and T r a n s i e n t  Wel lbore  Tempera tures  During D r i l l -  
i ng , "  T e r r a  Tek r e p o r t  TR 76-11 (May 20, 1976) 

L. M. Barker ,  e t  a l ,  "Annual Repor t  on t h e  P r o j e c t  
t o  Design and Exper imen ta l ly  T e s t  an  Improved 
Geothermal D r i l l  B i t , "  T e r r a  Tek Repor t  TR 76-32 
(June  1976) 

P r o j e c t  T i t l e :  To Design and Exper imenta l ly  T e s t  an  Improved 
Geothermal D r i l l  B i t  

C o n t r a c t  No: E( 10-1) -1546 

SUMMARY 

In t h i s  program a n  improved geothermal  r o t a r y  d r i l l  b i t  w i l l  be des igned  
and expe r imen ta l ly  t e s t e d .  

Th i s  program p resen t s  a t h r e e  phase approach. Phase  I i n c l u d e s  a n a l y s i s  
and l a b o r a t o r y  t e s t s  t o  de t e rmine  d r i l l - b i t  c o n d i t i o n s  d u r i n g  d r i l l i n g ,  
c u r r e n t  modes and c a u s e s  of f a i l u r e ,  and improved b e a r i n g  l i f e  a t  h igh  
t empera tu res .  In phase I1 improved c u t t i n g  s t r u c t u r e s  w i l l  b e  des igned  
and t e s t e d  inc luding  f u l l - s c a l e .  f u l l y  s imula t ed  l a b o r a t o r y  tests t o  ade- 
q u a t e l y  q u a l i f y  t h e  improved b i t .  Phase  I11 i n c l u d e s  f u l l - s c a l e  f i e l d  
t e s t s ,  w i t h  t h e  added o b j e c t i v e  of  p rov id ing  i n d u s t r y  t h e  t e c h n i c a l  back- 
ground t o  pick up t h e  b u l k  of t h e  program a t  t h i s  s t a g e .  

C u r r e n t l y  geothermal w e l l s  a r e  d r i l l e d  wi th  o i l  and g a s  r o t a r y  b i t s  
which a r e  no t  s u i t e d  t o  d r i l l i n g  geothermal  w e l l s  because  of  ( a )  t h e  
h a r d ,  a b r a s i v e  and f r a c t u r e d  rock  encoun te red ,  and (b )  t h e  h igh  temper- 
a t u r e s  encountered .  F r i c t i o n  b e a r i n g  seals w i l l  n o t  s t a n d  up t o  t e m -  
p e r a t u r e s  above 300-400°F. and hence u n l u b r i c a t e d  r o l l e r  b i t s  a r e  
g e n e r a l l y  used; however, t h e  c u r r e n t  b i t  steels a n n e a l  s u b s t a n t i a l l y  
a t  even 400-600°F and t h e r e f o r e ,  g i v e  low b e a r i n g  f a t i g u e  l i f e .  The 
c u t t i n g  s t r u c t u r e  and b i t  c o r e ,  which c a r r y  t h e  h igh  impact l oad  d u r i n g  
d r i l l i n g s .  cor respondingly  annea l  and degrade  a t  e l e v a t e d  t empera tu res  
a l s o .  

Examination and t e s t i n g  of worn d r i l l  b i t s  has  shown t h a t  a major  p a r t  
of t h e  problem can be  a t t r i b u t e d  t o  t h e  d e c r e a s e  i n  ha rdness  of b e a r i n g  
s u r f a c e s  as a r e s u l t  of annea l ing  i n  t h e  h igh  t empera tu re  envi ronment  
( t h e  Geysers ) .  
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1.1 Drilling Technology 

P r o j e c t  T i t l e :  To Develop Improved Downhole D r i l l i n g  Motors f o r  
Deep Well D r i l l i n g  a t  High Temperatures 

C o n t r a c t  No: E ( 10-1) - 1581 
Cont rac to r :  T e r r a  Tek, I n c .  

S a l t  Lake C i t y ,  Utah 

P r i n c i p a l  S idney  J .  Green 
I n v e s t i g a t o r :  (801) 582-2220 

Program Manager: C l i f t o n  Carwi l e  
(202) 376-4912 
FTS 316-4912 

P r o j e c t  Ob jec t ive :  To improve downhole d r i l l i n g  motors  f o r  o p e r a t i o n  
above 450°F i n  deep  w e l l  d r i l l i n g .  

Funding: FY 75 - -- 
FY 761TQ - $504K 

3 I 1  I7 6-3 I3 1 17 7 C o n t r a c t  Term: 

Repor t s  I s sued :  None 

1-12 September 1,1976 

P r o j e c t  T i t l e :  To Develop Improved Downhole D r i l l i n g  Motors f o r  
Deep Well D r i l l i n g  a t  High Tempera tures  

Con t rac t  No: E ( 10-1) - 158 1 
SUMMARY 

The s p e c i f i c  o b j e c t i v e  of t h i s  p r o j e c t  is t o  s o l v e  t h e  h igh  t empera tu re  
s e a l ,  b e a r i n g  and l u b r i c a t i o n  problems of  c u r r e n t  downhole d r i l l i n g  
motors .  I n n o v a t i v e  d r i l l i n g  motor concep t s  w i l l  a l s o  b e  cons ide red .  
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P r o j e c t  T i t l e :  Wate r j e t  Cor ing  f o r  Geothermal Exp lo ra t ion  

Con t rac t  No: E (4 5-1) - 2325 

C o n t r a c t o r :  Flow Research ,  Inc .  
Kent,  Washington 

P r i n c i p a l  John B. Cheung 
I n v e s t i g a t o r :  (206) 854-1370 

Program Manager: C l i f t o n  Carwi le  
(202: 376-4s:: 
FTS 376-4912 

P r o j e c t  O b j e c t i v e :  To s tudy  t h e  f e a s i b i l i t y  of  h igh  p r e s s u r e  (30,000 
t o  60 ,000  p s i )  w a t e r j e t  c o r i n g  f o r  geothermal  
e x p l o r a t i o n .  

Funding: FY 75 - -- 
FY 76/TQ - S163K 

Cont rac t  Te rm:  212176-5/2/77 

Repor ts  I s sued :  None 

1.1 Drilling Technology 1-13 

P r o j e c t  T i t l e :  Wate r j e t  Cor ing  f o r  Geothermal Exp lo ra t ion  

C o n t r a c t  No: E (45-1) -2325 

SUMMARY 

The o b j e c t i v e  of t h i s  p r o j e c t  is t o  s tudy  t h e  f e a s i b i l i t y  of h igh  
p r e s s u r e  (30,000 t o  60,000 p s i )  w a t e r j e t  c o r i n g  f o r  geo the rma l  explora-  
t i o n .  The program i n c l u d e s  t h e  des ign ,  f a b r i c a t i o n ,  and  t e s t i n g  of a 
w a t e r j e t  co r ing  d e v i c e  a p p l i c a b l e  t o  c o r i n g  i n  deep ,  h o t  g r a n i t i c  and 
b a s a l t i c  rocks.  L imi ted  w a t e r j e t  c u t t i n g  exper iments  on  rocks  a t  ele- 
v a t e d  tempera tures  and under c o n f i n i n g  p r e s s u r e s  w i l l  b e  conducted  t o  
p rov ide  c u r r e n t l y  u n a v a i l a b l e  d a t a  f o r  t h e  d e s i g n  of a w a t e r j e t  c o r i n g  
dev ice .  

During t h e  i n i t i a l  phase of  t h e  c o n t r a c t  Flow Research conducted  a 
t e c h n i c a l  f e a s i b i l i t y  s tudy  of t h e  r e q u i r e d  sys tem components and t h e  
s u i t a b i l i t y  of a v a i l a b l e  s w i v e l s ,  d r i l l i n g  stems, e t c . ,  f o r  t h e  h igh  
h y d r a u l i c  p re s su res  r e q u i r e d .  The r e s u l t s  of t h i s  i n i t i a l  s t u d y  of  a 
f i e l d  system w i l l  p rov ide  i n p u t  t o  t h e  d e s i g n  of t h e  waterjet  c o r i n g  
d e v i c e  and the t e s t i n g  program. 

Revised September 1,1976 
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P r o j e c t  T i t l e :  Research and Development of  C a v i t a t i o n  Desca l ing  
Techniques f o r  Heat Exchanger Tubes Used i n  Geo- 
the rma l  Energy P l a n t s  

C o n t r a c t  No: E(49-18)-2289 

C o n t r a c t o r :  Daedalean A s s o c i a t e s ,  Inc .  
Woodbine, Maryland 

P r i n c i p a l  A. A. Hochrein,  J r .  
I n v e s t i g a t o r s :  (301) 442-2620 

A. P. Thiruvengadam 
(301)  442-2620 

Program Manager: C l i f t o n  C a r w i l e  
(202)  376-4912 
FTS 376-4912 

P r o j e c t  O b j e c t i v e :  The o v e r a l l  o b j e c t i v e  of  t h i s  r e s e a r c h  program is 
t o  deve lop  a n  improved d e s c a l i n g  t echn ique  u s i n g  
c a v i t a t i n g  hydro j e t s . 

Funding: FY 75 - -- 
FY 76ITQ - $ 98K 

C o n t r a c t  Term: 2/27/76-2126/77 

Repor t s  I s s u e d :  None 

3 

P r o j e c t  T i t l e :  

C o n t r a c t  No: 

Research and Development of  C a v i t a t i o n  Desca l ing  
Techniques f o r  Heat Exchanger Tubes Used i n  Geo- 
the rma l  Energy P l a n t s  

E ( 4  9-18) -2289 

SUMMARY 

Under t h i s  c o n t r a c t  Daedalean A s s o c i a t e s  w i l l  d e s i g n ,  p r o c u r e ,  and 
a s semble  a test  a p p a r a t u s  f o r  conduc t ing  t h e  e x p e r i m e n t a l  s t u d i e s .  T h i s  
will i n c o r p o r a t e  a p i s t o n  pump c a p a b l e  of deve lop ing  10,000 p s i  o u t p u t  
p r e s s u r e .  Using t h e  e x p e r i m e n t a l  a p p a r a t u s ,  t h e  c l e a n i n g  ra te  on v a r i o u s  
s c a l e  f i l l e d  pipes  w i l l  be  determined as a f u n c t i o n  of a r a n g e  of  n o z z l e  
and j e t  parameters .  

Using t h e  expe r imen ta l  r e s u l t s  a d e s i g n  s p e c i f i c a t i o n  f o r  a c a v i t a t i n g  
h y d r o j e t  d e s c a l i n g  sys t em f o r  h e a t  exchanger  t u b e  c l e a n i n g  w i l l  be  
developed.  

1.1 Drilling Technology 1-15 September 1, 1976 



1.1 Drilling Technology 

P r o j e c t  T i t l e :  The Design of a Water Je t  D r i l l  f o r  Development of 
Geothermal Resources 

Con t rac t  No: E (  11-1)-2677 

C o n t r a c t o r :  U n i v e r s i t y  of Missour i  
R o l l a ,  Mis sour i  

P r i n c i p a l  David A. Summers 
I n v e s t i g a t o r :  (314) 341-4365 

Program Manager: C l i f t o n  Carwi le  
(202)  376-4912 
FTS 376-4912 

P r o j e c t  Ob jec t ive :  To de te rmine  t h e  e f f e c t s  of j e t  p r e s s u r e ,  f l u i d  
a d d i t i v e s  and c a v i t a t i o n  bubb les  on water j e t  per- 
formance, and t o  demons t r a t e  t h e  a p p l i c a b i l i t y  of 
a d e s i g n  concept .  

Funding : FY 75 - $152K 
FY 76JTQ - $155K 

611 175-5 13 1/77 Cont rac t  Term: 

1-16 Revised September 1. 1976 

Repor ts  I s sued :  "Proceedings  of t h e  Workshop on t h e  App l i ca t ion  of 
High P r e s s u r e  Water Je t  C u t t i n g  Technology," 
U n i v e r s i t y  of Missour i ,  Ro l l a  Missour i ,  November 10-11, 
1975. David A. Summers and Dwight J. Bushnel l ,  e d i t o r s ,  
p repa red  under NSF g r a n t  number APR-76 00738 

David A. Summers and Dwight J. Bushne l l ,  "The Design 
of a Water Jet D r i l l  f o r  Development of Geothermal 
Resources  - P r o g r e s s  Repor t  f o r  P e r i o d  June 1, 1975 - 
June  1, 1976." Repor t  No. COO-2677-2 (June 1976) 

P r o j e c t  T i t l e :  The Design of a Water Je t  D r i l l  f o r  Development of 
Geothermal Resources  

Con t rac t  No: E (11- 1) -2677 

SUMMARY 

The use  of water  j e t s  t o  c u t  m a t e r i a l  has  been i n v e s t i g a t e d  wi th  
i n c r e a s i n g  i n t e r e s t  ove r  t h e  p a s t  t e n  yea r s .  The advan tages  of t h e  
wa te r  j e t  as a c u t t i n g  t o o l  a r e  a s  f o l l o w s :  ( a )  a h igh  l e v e l  of energy  
can  be  t r a n s m i t t e d  through t h e  j e t  t o  t h e  c u t t i n g  s u r f a c e ,  w i th  l i t t l e  
d i s t u r b a n c e  of t h e  rock  o u t s i d e  t h e  a r e a  of impact ;  (b)  no r e sha rpen ing  
is r e q u i r e d ;  ( c )  t h e  l i q u i d  used is a l r e a d y  i n  use  i n  b o r e h o l e s  a s  a 
means of rock  removal;  (d)  t h e  c u t t i n g  head r e q u i r e s  less t h r u s t  t o  
keep i t  e f f e c t i v e l y  c u t t i n g  than  is r e q u i r e d  w i t h  c o n v e n t i o n a l  equip- 
ment; and ( e )  t h e  d r i l l i n g  stem does  n o t  need t o  be  removed from t h e  
h o l e  t o  r e p l a c e  t h e  d r i l l i n g  head a s  f r e q u e n t l y ,  t h u s  s a v i n g  bo th  t i m e  
and money. 

A new water  j e t  d r i l l i n g  d e v i c e  h a s  been des igned  t o  c a r r y  o u t  
expe r imen t s  t o  de t e rmine  t h e  optimum d e s i g n  c h a r a c t e r i s t i c s  and 
t o  o b t a i n  a measure of t h e  p o t e n t i a l  performance i n  d r i l l i n g  rock. 

The program i s  d i v i d e d  i n t o  f i v e  phases :  

1. The e f f e c t  of i n c r e a s i n g  j e t  p r e s s u r e  on d r i l l i n g  r a t e ,  under 
va ry ing  rock  and bo reho le  f l u i d  p r e s s u r e .  

2. The e f f e c t  o f  a d d i t i v e s  on  j e t  c u t t i n g  performance. 

3. The e f f e c t  of t h e  i n t r o d u c t i o n  of c a v i t a t i o n  bubb les  i n t o  t h e  
j e t  s t r eam on d r i l l i n g  r a t e .  

4. An e v a l u a t i o n  of t h e  p o t e n t i a l  performance of a new d e s i g n  of 
nozz le  d r i l l i n g  b i t .  

5. A f i e l d  demons t r a t ion  of t h e  a p p l i c a b i l i t y  of t h e  des ign .  

Tests have  been performed t o  a s c e r t a i n  an  optimum n o z z l e  des ign .  Using 
t h i s  optimum d e s i g n ,  d r i l l i n g  r a t e s  i n  sands tone  us ing  water a t  25,000 
p s i  have approached 280 in lmin .  
a t t a c k  q u a r t z  c r y s t a l s  have shown t h a t  t h e  c o l l a p s i n g  bubb le  does  pro- 
duce  m i c r o p i t s  and f r a c t u r e  c a v i t i e s .  

I n i t i a l  t e s t s  u s ing  c a v i t a t i o n  t o  
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P r o j e c t  T i t l e :  Computer Modeling of Geothermal Energy E x t r a c t i o n  
Sys tems 

C o n t r a c t  No: W-7405-ENG-36 

C o n t r a c t o r :  Los  Alamos S c i e n t i f i c  Labora to ry  
Los Alamos, N e w  Mexico 

P r i n c i p a l  R. C. Feber  
I n v e s t i g a t o r :  (505) 667-4181 

FTS 843-4181 

Program Manager: Rober t  R. Reeber 
(202)  376-4912 
FTS 376-4912 

P r o j e c t  O b j e c t i v e :  To deve lop  a semi-empir ica l  computer code f o r  
p r e d i c t i n g  t h e  s p e c i f i c  s o l i d s ,  and t h e i r  mass 
t r a n s f e r  and p r e c i p i t a t i o n  c h a r a c t e r i s t i c s ,  i n  
geothermal  u t i l i z a t i o n  sys tems.  

Funding : FY 75 - -- 
FY 76/TQ - $22K 

C o n t r a c t  Term: 6 /1 /76-9 /30/77  

Repor t s  I s sued :  None 

1.2.1 Material Development and Corrosion5tudies 1-17 

P r o j e c t  T i t l e :  Computer Modeling of 
Sys tems 

C o n t r a c t  No: W-7405-ENG-36 

SUMMARY 

Two f i r s t  gene ra t ion  computer codes  w i l l  

3 

Geothermal Energy E x t r a c t i o n  

be w r i t t e n  t o  D r e d i c t  t h e  
I 

amounts and i d e n t i t i e s  of  s o l i d s  which c a n  p r e c i p i t a t e  i n  geothermal  
ene rgy  e x t r a c t i o n  systems. These,  an  eng inee r ing  model of a h e a t  exchanger  
loop  and a complex chemical e q u i l i b r i u m  code, w i l l  be combined, e l a b o r a t e d  
and modi f ied  a s  r equ i r ed  by a c o n t i n u i n g  c o o r d i n a t i o n  and comparison of 
code p r e d i c t i o n s  with a v a i l a b l e  d a t a  from d i f f e r e n t l y  s c a l e d  expe r imen ta l  
geothermal  sys tems i n  t h e  ERDA program. The r e s u l t s  w i l l  be  i n i t i a l l y  
d i r e c t e d  a t  modeling s y n t h e t i c  b r i n e  ana logs  of  n a t u r a l  b r i n e  sys tems.  
They w i l l  s e r v e  a s  inpu t  t o  GEOCOST (an  economic a n a l y s i s  model developed 
by B a t t e l l e  P a c i f i c  Northwest Labora to ry  and r e p o r t e d  i n  s e c t i o n  6 . 2 ) ,  and 
o t h e r  economic ana lyses  of  n a t u r a l  b r i n e  geothermal  sys tems.  A s  t h e s e  
problems r e a c h  u t i l i z a t i o n ,  emphas is  i s  expec ted  t o  s h i f t  t o  modeling 
o t h e r  geothermal  systems. '  

September 1, 1976 
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P r o j e c t  T i t l e :  A l t e r n a t e  M a t e r i a l s  of C o n s t r u c t i o n  f o r  Geothermal 
A p p l i c a t i o n s  

C o n t r a c t  No: E(30-1) -0016 

C o n t r a c t o r :  Brookhaven Na t iona l  Labora to ry  
Upton, New York 

P r i n c i p a l  M. S t e i n b e r g  
I n v e s t i g a t o r s :  (516) 345-2123, Ext. 3036 

FTS 664-3036 

L. E.  Kukacka 
(516)  345-2123, Ext. 3065 
FTS 664-3065 

Program Manager: Rober t  R. Reeber 
(202) 376-4912 
FTS 376-4912 

P r o j e c t  Ob jec t ive :  To test s e v e r a l  ene rgy- re l a t ed  a p p l i c a t i o n s  of 
c o n c r e t e  polymer materials as p o t e n t i a l  s o l u t i o n  
of c o r r o s i o n  problems. 

Funding : FY 75 - $ 99K 
FY 76lTQ - S190K 

Con t rac t  Te rm:  711 174-9/30/77 

Repor ts  I s sued :  M .  S t e i n b e r g ,  "Concrete-Polymer Composite M a t e r i a l s  
Development." P roc .  of T h i r d  Inter-Amer. Conf. on 
M a t e r i a l s  Tech., Rio d e  J a n e i r o ,  Aug. 1972, H. H. 
Frye  and C. J. McHargue, E d i t o r s ,  pp. 555-9. 
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P r o j e c t  T i t l e :  A l t e r n a t e  M a t e r i a l s  of C o n s t r u c t i o n  f o r  Geothermal 
A p p l i c a t i o n s  

Con t rac t  No: E (30-1)-0016 

SUMMARY 

The concrete-polymer composi te  m a t e r i a l s  deve loped  a t  BNL and funded by 
t h e  O f f i c e  of  S a l i n e  Water a l s o  appea r  t o  o f f e r  a n  economica l  approach  
t o  t h e  problem of hand l ing  h o t  geothermal  b r i n e s .  

Labora to ry  fo rmula t ion  s t u d i e s ,  l ong  term d u r a b i l i t y  tests, and l i m i t e d  
f i e l d  t e s t s  have  been  made ove r  s e v e r a l  y e a r s  f o r  m a t e r i a l s  t o  wi ths t and  
b r i n e  a t  t empera tu res  up t o  175OC (350'F). 

The program t a s k s  a r e  l i s t e d  below: 

Task 1 -- S e l e c t i o n  of L i n i n g  M a t e r i a l s :  A su rvey  w i l l  be  
performed t o  deve lop  polymer-aggregate sys tems t h a t  can  with- 
s t a n d  t empera tu res  up t o  30OoC. 
c r o s s l i n k e d  s t y r e n e  and a c r y l a t e  sys tems.  

I n i t i a l  work w i l l  be  wi th  h i g h l y  

Task  2 -- P r o c e s s  Technology f o r  PC L in ings :  Based upon t h e  
r e s u l t s  ob ta ined  i n  Task 1, PC f o r m u l a t i o n s  w i l l  be  developed 
and t echn iques  f o r  p l a c i n g  p r o t e c t i v e  l i n i n g s  on s tee l  p i p e  
and p l a t e  t e s t e d .  

Task 3 -- P h y s i c a l  and Chemical P r o p e r t y  T e s t i n g :  
s u i t a b i l i t y  of m a t e r i a l s  and l i n i n g s  fo rmula t ed  i n  Tasks  1 

The 

and 2 w i l l -  be  e v a l u a t e d  f o r  p h y s i c a l  and chemica l  s t a b i l i t y  
under geothermal  use  c o n d i t i o n s .  

Tests of m a t e r i a l s  fo rmula t ed  in-Task 1 a r e  underway a t  f o u r  geothermal  
s i tes.  P r e l i m i n a r y  r e s u l t s  a r e  ve ry  good wi th  samples  r e t a i n i n g  h igh  
s t r e n g t h  a f t e r  6 months exposure  t o  geothermal  b r i n e s  and steam a t  
t empera tu res  up t o  238OC (460'F). 
have  been f a b r i c a t e d  and a r e  under tes t .  Work on Task 3 i s  p r o g r e s s i n g  i n  
t h e  l a b o r a t o r y .  

Under Task 2 many types  of p i p e  l i n i n g  
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P r o j e c t  T i t l e :  Cementing of Geothermal Wells 

C o n t r a c t  No: E (  30-1) -0016 

C o n t r a c t o r :  Brookhaven Na t iona l  Labora to ry  
Upton, N e w  York 

P r i n c i p a l  M. S t e i n b e r g  
I n v e s t i g a t o r s :  (516) 345-2123, Ext. 3036 

FTS 664-3036 

L. E. Kukacka 
(516)  345-2123, Ext. 3065 
FTS 664-3065 

Program Manager: Rober t  R. Reeber 
( 2 0 2 )  376-4912 
FTS 376-4912 

P r o j e c t  Ob jec t ive :  Eva lua te  p o t e n t i a l  of v a r i o u s  polymer cements f o r  
geothermal  w e l l s  and c o o r d i n a t e  a w e l l  cementing 
r e s e a r c h  program d e f i n i t i o n  s tudy .  

Funding: FY 75 - -- 
FY 76/TQ - $ 60K 

C o n t r a c t  Te rm:  211 176-9/30/77 

Repor t s  I s s u e d :  None 
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P r o j e c t  T i t l e :  Cementing of Geothermal Wells 

C o n t r a c t  No: E (30-1) -0016 

SUMMARY 

T h i s  p r o j e c t  i s  being conducted t o  e v a l u a t e  c u r r e n t  s t a t u s  of geothermal  
w e l l  cement ing  c a p a b i l i t y  and t o  c o o r d i n a t e  a t e s t  program t o  deve lop  
adequa te  geothermal w e l l  cementing c a p a b i l i t y  f o r  i n s u r i n g  a maximum 
p r e d i c t e d  w e l l  l i f e .  

A v a r i e t y  of polymer cement composi t ions  developed a t  Brooknaven w i i i  
be  t e s t e d .  P re l imina ry  sha l low w e l l  cementing i n d i c a t e s  t h i s  t y p e  of 
m a t e r i a l  can  b e  placed and cured  under water .  

September 1, 1976 
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding : 

C o n t r a c t  Term: 

Repor t s  I s sued :  

Br ine  Chemistry and Cor ros ion fEros ion  S tud ie s  f o r  
Suppor t  of T o t a l  Flow Turb ine  Development 

W-7405-ENG-48 

Lawrence Livermore Labora to ry  
Livermore,  C a l i f o r n i a  

A. L.  Aus t in  
(415) 447-1100, Ext .  3946 
FTS 457-3946 

Rober t  R. Reeber 
(202) 376-4912 
FTS 376-4912 

To develop  and e v a l u a t e  b r i n e  chemis t ry ,  co r ros ion ,  
and e r o s i o n  problems a s s o c i a t e d  wi th  t h e  develop- 
ment of t o t a l  f low t u r b i n e s  u t i l i z i n g  t h e  hot b r i n e s  
of t h e  S a l t o n  Trough i n  C a l i f o r n i a .  

FY 75 - $600K 
FY 76lTQ - $375K 

711174-9130177 

A. Aus t in ,  G.  Higgins ,  J. Howard, "The To ta l  Flow 
Concept f o r  Recovery of Energy from Geothermal Hot 
Br ine  Depos i t , "  Lawrence Livermore Labora tory  r e p o r t  
UCRL-51366 ( A p r i l  1973) 

J. H.  H i l l ,  C .  J. Morr i s ,  "Sampling a Two-Phase 
Geothermal Br ine  Flow f o r  Chemical Analys is , "  
Lawrence Livermore Labora to ry  r e p o r t  UCRL-77544 
(December 19 75) 

J. Z .  Grens ,  "The E f f e c t  of S a l i n i t y  on Geothermal 
Well Performance," Lawrence Livermore Labora tory  
r e p o r t  UCID-16791 (May 1975) 

P r o j e c t  T i t l e :  B r ine  Chemistry and Cor ros ion IEros ion  S t u d i e s  f o r  
Suppor t  of T o t a l  Flow Turb ine  Development 

C o n t r a c t  No: W-7405-ENG-48 

SUMMARY 

The purpose  of t h e  p r o j e c t  i s  t o  s t u d y  b r i n e  chemis t ry  and c o r r o s i o n  
and e r o s i o n  c h a r a c t e r i s t i c s  i n  t o t a l  f l ow t u r b i n e s  u t i l i z i n g  t h e  h o t  
b r i n e s  of  t h e  S a l t o n  Trough i n  C a l i f o r n i a .  The t o t a l  f l ow t u r b i n e  is 
be ing  developed under  c o n t r a c t  number W-7405-ENG-48 a s  r e p o r t e d  i n  
S e c t i o n  1.2.4.  

F lu id -hand l ing  and m a t e r i a l s  s t u d i e s  i n v o l v e  i n v e s t i g a t i o n s  of t h e  
f low and chemis t ry  of t h e  geothermal  f l u i d s  i n  t h e  r e s e r v o i r  th rough 
t h e  p roduc t ion  w e l l s ,  th rough t h e  ene rgy  conve r s ion  a p p a r a t u s  and on 
t o  d i s p o s a l .  Unders tanding  t h e  behav io r  of s t r u c t u r a l  m a t e r i a l s  i n  
t h e  b r i n e  environment is inc luded  i n  t h i s  ca t egory .  S p e c i a l  problems 
of t h e  ho t  b r i n e s  of t h e  S a l t o n  Trough a r e  s c a l i n g  and c o r r o s i o n .  
Br ine  chemis t ry  s t u d i e s  w i l l  emphasize development of methods f o r  
f i e l d  a n a l y s i s  of f l owing  b r i n e s .  The d e t a i l s  of s c a l e  fo rma t ion  
and c o r r o s i o n  w i l l  be  i n v e s t i g a t e d .  P o s s i b l e  mine ra l  r ecove ry  w i l l  
be  cons ide red .  

S t u d i e s  of s c a l e  c o n t r o l  and c o r r o s i o n  a r e  be ing  c a r r i e d  o u t  a t  a f i e l d  
l a b o r a t o r y  i n  t h e  I m p e r i a l  Va l l ey .  The e f f o r t s  of  b r i n e  chemis t ry  modi- 
f i c a t i o n s  on c o r r o s i o n l e r o s i o n  phenomena a r e  be ing  e v a l u a t e d .  
p l a t e s  a r e  be ing  s u b j e c t e d  t o  chemis t ry  modi f ied  b r i n e  e r o s i o n  c o r r o s i o n  
f i e l d  t e s t i n g .  

Wear 
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P r o j e c t  T i t l e :  C o r r o s i v i t y  of Geothermal Br ines  

C o n t r a c t  No: W-7405-ENG-26 

C o n t r a c t o r :  Oak Ridge Na t iona l  Labora tory  
Oak Ridge, Tennessee  

P r i n c i p a l  John Griess 
I n v e s t i g a t o r :  (615) 483-8611, Ext. 1546 

FTS 850-1546 

Program Manager: Robert  R. Reeber 
(202) 376-4912 

FTS 376-4912 

P r o j e c t  Ob jec t ive :  To develop  t h e  means t o  e s t i m a t e  t h e  c o r r o s i v i t y  
of b r i n e s  from a knowledge of t h e i r  composi t ion  
and tempera ture .  

Funding : FY 75 - $ 54K 
FY 76fTQ - $212K 

C o n t r a c t  Term: 7 1  1 f 74-9f30f 7 7 

Repor t s  I s sued :  None 
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P r o j e c t  T i t l e :  C o r r o s i v i t y  of  Geothermal Br ines  

C o n t r a c t  No: W-7405-ENG-26 

SUMMARY 

The p r o j e c t  w i l l  s eek  t o  g a i n  an  unde r s t and ing  of how t h e  i n d i v i d u a l  
c o n s t i t u e n t s  a f f e c t  c o r r o s i o n  and de te rmine  s y n e r g i s t i c  e f f e c t s ,  i f  
any. To accomplish t h i s ,  a d a t a  b a s e  w i l l  be  e s t a b l i s h e d ,  by e l e c t r o -  
chemica l  methods, on t h e  i n f l u e n c e  of major  and minor c o n s t i t u e n t s  of 
geothermal  b r i n e s  on t h e  c o r r o s i o n  of c a n d i d a t e  m e t a l l i c  m a t e r i a l s  of 
c o n s t r u c t i o n .  The i n f l u e n c e  o f , s c a l e  growth on c o r r o s i o n  p r o c e s s e s  
w i l l  be  i n v e s t i g a t e d .  A q u a n t i t a t i v e  e v a l u a t i o n  w i l l  be  made of t h e  
e f f e c t  of s o l u t i o n  f low on c o r r o s i o n  k i n e t i c s  of promis ing  m e t a l s  a t  
h igh  tempera tures  and p r e s s u r e s .  F i e l d  t e s t i n g  of t h e  most promis ing  
m a t e r i a l s  w i l l  be c a r r i e d  o u t .  

Labora to ry  equipment is be ing  assembled f o r  con t inuous  o p e r a t i o n  and 
automated da ta  r eco rd ing .  P re l imina ry  r u n s  us ing  b a t c h  o p e r a t i o n  show 
good c a p a b i l i t y  of  c o n t r o l l i n g  chemica l  and p h y s i c a l  pa rame te r s  i n  t h e  
tes t  loop .  

Revised September 1, 1976 
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r  : 

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

C o n t r a c t  Te rm:  

Repor ts  I s sued :  

I n v e s t i g a t e  Geothermal Corrosion--Study of F a c t o r s  
L imi t ing  Use of I r o n  Base Al loys  v s  A l t e r n a t e  
M a t e r i a l s  i n  Mi ld ly  Ac id ic  Geothermal Waters and 
Steam 

E (45-1)-1830 

B a t t e l l e  P a c i f i c  Northwest Labora to ry  
Richland ,  Washington 

D. W. Shannon 
(509) 942-3139 
FTS 444-3139 

Rober t  R. Reeber 
(202)  376-4912 

FTS 376-4912 

To c l a r i f y  c o r r o s i o n  f a c t o r s  which i n f l u e n c e  
m a t e r i a l s  s e l e c t i o n  f o r  geothermal  power p l a n t s .  

FY 75 - $ 6OK 
FY 76/TQ - $313K 

711 174-9130177 

D. W. Shannon, "Economic Impact of Corros ion  and 
S c a l i n g  Problems i n  Geothermal Energy Systems ," 
B a t t e l l e  P a c i f i c  Northwest Labora to ry  r e p o r t  

.BNWL-1866 (January  1975) 
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P r o j e c t  T i t l e :  I n v e s t i g a t e  Geothermal Corrosion--Study of  F a c t o r s  
L i m i t i n g  Use of I r o n  Base Al loys  v s  A l t e r n a t e  
M a t e r i a l s  i n  Mi ld ly  Ac id ic  Geothermal Waters and 
Steam 

E(45-1)-1830 C o n t r a c t  No: 

SUMMARY 

The major  e f f o r t  i n  FY 1976 w i l l  be d i r e c t e d  t o  a s y s t e m a t i c  s t u d y  of  
f a c t o r s  a f f e c t i n g  ca rbon  s teels  i n  m i l d l y  a c i d i c  s o l u t i o n s  up t o  25OoC 
( 4 8 0 ° F ) ,  comple t ion  of  t h e  f i r s t  c o r r o s i o n  f a t i g u e  t es t ,  f a b r i c a t i o n  of 
t h e  f i e l d  c o r r o s i o n  test u n i t  and p r e p a r i n g  a s u i t a b l e  f i e l d  s i te .  

I n i t i a l  e f f o r t s ,  which w i l l  e s t a b l i s h  c o r r o s i o n  l i m i t s  t o  t h e  use  of 
i r o n  b a s e  a l l o y s  i n  geothermal  water, w i l l  u t i l i z e  l a b o r a t o r y  s c a l e  
s t i r r e d  a u t o c l a v e s  (1 t o  6 l i t e r )  t o  i n v e s t i g a t e  t h e  h igh  t empera tu re ,  
h igh  p r e s s u r e  c o r r o s i o n  behav io r  of i r o n  base  a l l o y s  i n  weakly a c i d i c  
f l u i d s  and compare per formance  wi th  a l t e r n a t e  materials such  as alumi- 
num, t i t a n i u m ,  and n i c k e l  16 C r  - 16 Mo a l l o y s .  

To i n v e s t i g a t e  c o r r o s i o n  f a t i g u e  i n  geothermal  s team,  a s t i r r e d  
a u t o c l a v e  w i l l  be set up t o  produce c y c l i c  stress i n  specimens of 1 2 %  
C r  s t e e l  which i s  i n  g e n e r a l  use  a s  a the rma l  t u r b i n e  b l a d e  m a t e r i a l .  
By v a r y i n g  t h e  p a r t i a l  p r e s s u r e s  of H2,  H2S,  and H20 and t r a c e s  of O 2  
t h e  chemica l  a c t i v i t y  of  t h e  steam w i l l  be v a r i e d .  T i m e  t o  f a i l u r e  
w i l l  b e  moni tored  by e lectr ical  connec t ions  t o  t h e  specimens.  

F i n a l l y ,  a f i e l d  c o r r o s i o n  test w i l l  measure c o r r o s i o n  i n  geothermal  
water t y p i c a l  of waters proposed f o r  b i n a r y  c y c l e  p l a n t s .  I d e a l l y  a 
m i l d l y  a c i d i c  water  w i t h  a pH around 5.5 t o  6 would b e  chosen .  A f t e r  
b a s e  l i n e  d a t a  are o b t a i n e d  on c o r r o s i o n  i n  t h e  normal w e l l  w a t e r ,  
changes  i n  pH, t empera tu re ,  and v e l o c i t y  w i l l  be  made i n  t h e  water 
f lowing  through t h e  t es t  s t a n d .  The change i n  c o r r o s i o n  per formance  
w i l l  b e  compared w i t h  i n i t i a l  d a t a  t o  e s t a b l i s h  t h e  v a l i d i t y  of t h e  
c o n c l u s i o n s  o b t a i n e d  wi th  t h e  l a b o r a t o r y  s c a l e  a u t o c l a v e s .  

Work began i n  A p r i l  1975. 
t h e  R&D program were o rde red .  
PNL was r e l o c a t e d  and s e v e r a l  s c o u t i n g  tests of carbon steel i n  ca r -  
bon ic  a c i d l b i c a r b o n a t e  s o l u t i o n s  were run  a t  t empera tu res  up t o  25OoC. 
Work began on s e t t i n g  up and c a l i b r a t i n g  a n a l y t i c a l  chemis t ry  proce- 
du res .  P l ann ing  began on t h e  expe r imen ta l  d e s i g n  f o r  t h e  c o r r o s i o n  
f a t i g u e  test. Survey work began t o  l o c a t e  a s u i t a b l e  s i t e  f o r  t h e  
f i e l d  test. 

Work on t h i s  p r o j e c t  h a s  been de layed  due  t o  a l a b o r  d i s p u t e .  

D e t a i l e d  p l ann ing  began and s u p p l i e s  f o r  
E x i s t i n g  ERDA a u t o c l a v e  equipment a t  
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P r o j e c t  T i t l e :  Develop Standard  Methods and Manual f o r  Sampling 
and Ana lys i s  f o r  Geothermal F l u i d s  and Gases 

C o n t r a c t  No: E(45-1)-1830 

C o n t r a c t o r :  B a t t e l l e  P a c i f i c  Northwest Labora tory  
Richland ,  Washington 

P r i n c i p a l  D. W. Shannon 
I n v e s t i g a t o r :  (509) 942-3139 

FTS 444-3139 

Program Manager: Rober t  R. Reeber 
(202) 376-4912 
FTS 376-4912 

P r o j e c t  Ob jec t ive :  Develop s t a n d a r d  methods and p u b l i s h  a manual f o r  
sampl ing  and a n a l y s i s  of geothermal  f l u i d s  and 
g a s e s  i n  o r d e r  t o  a s s u r e  accu racy ,  r e l i a b i l i t y ,  
and i n t e r c o m p a r a b i l i t y  of r e p o r t e d  r e s u l t s .  

Funding: FY 75 - -- 
FY 76/TQ - $ l l O K  

Con t rac t  T e r m :  7/1/75-9/30/77 

Repor t s  I s s u e d :  None 
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P r o j e c t  T i t l e :  Develop Standard  Methods and Manual f o r  Sampling 
and Ana lys i s  f o r  Geothermal F l u i d s  and Gases 

co'n t r a c  t NO : E (45-1)  -1830 

SUMMARY 

Development of s t anda rd  methods and p u b l i c a t i o n  of a manual f o r  sampling 
and a n a l y s i s  of geothermal  f l u i d s  w i l l  a s s i s t  t h e  deve lop ing  geothermal  
i n d u s t r y  t o  meet i t s  a n a l y t i c a l  needs  by r educ ing  t h e  a n a l y t i c a l  methods 
r e s e a r c h  requi red  by  each  o r g a n i z a t i o n .  

Work i n  FY 1976 w i l l  c o n s i s t  of assembl ing  t h e  s t a t e - o f - t h e - a r t  
l a b o r a t o r y  and f i e l d  methods and p l ann ing  a s y s t e m a t i c  test and eva lua-  
t i o n  program. The e x i s t i n g  methods f o r  sampl ing  and a n a l y s i s  now used 
by v a r i o u s  i n v e s t i g a t o r s  w i l l  be  assembled and c r i t i q u e d  by an a n a l y t i -  
c a l  s t a n d a r d s  group of  t h r e e  use r  i n s t i t u t i o n s .  In o r d e r  t o  a c c e l e r a t e  
s t a n d a r d i z a t i o n  a s  soon as p o s s i b l e  t h i s  " c o l l e c t i o n "  of methods w i l l  
b e  pub l i shed  for  comment and i n t e r i m  use  on a v o l u n t a r y  b a s i s .  The 
s e l e c t i o n  of m a t e r i a l  f o r  t h i s  f i r s t  r e p o r t  w i l l  r e f l e c t  t h e  s t a n d a r d  
group ' s  b e s t  judgment on c a n d i d a t e  methods. 

Work on t h i s  p r o j e c t  was begun i n  February  1976 and is s t i l l  i n  t h e  
fo rma t ive  s t ages .  

1.2.1 Material Development and Corrosion Studies 1-23 Revised September 1, 1976 



1.2.1 Material Development and Corrosion Studies 

P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

Work Performed by: 

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

C o n t r a c t  Te rm:  

Repor t s  I s sued :  

The Development and Eva lua t ion  of Elas tomer ic  
Materials f o r  Geothermal A p p l i c a t i o n s  

E (49-27) -101 1 

NASA 
Pasadena ,  C a l i f o r n i a  

Je t  P r o p u l s i o n  Labora to ry  
C a l i f o r n i a  I n s t i t u t e  of Technology 
Pasadena ,  C a l i f o r n i a  

William A. Muel le r  
(213) 354-3073 
FTS 792-3073 

Rober t  R. Reeber 
( 2 0 2 )  376-4912 
FTS 376-4912 

Modify e l a s t o m e r i c  compounds t o  ex tend  t h e i r  
c a p a b i l i t i e s  t o  i n c l u d e  s e r v i c e  i n  geothermal 
envi ronments .  

FY 75 - -- 
FY 76/TQ - $104K 
6/21/76-6/30/77 

None 

1-24 September 1,1976 

P r o j e c t  T i t l e :  The Development and Eva lua t ion  of E la s tomer i c  
M a t e r i a l s  f o r  Geothermal A p p l i c a t i o n s  

C o n t r a c t  No: E (4 9-27)- 101 1 

SUMMARY 

In t h i s  p r o j e c t ,  t echn iques  w i l l  be  deve loped  t o  modify e l a s t o m e r i c  
compounds t o  ex tend  t h e i r  c a p a b i l i t i e s  t o  i n c l u d e  s e r v i c e  i n  geothermal  
envi ronments .  S p e c i f i c a l l y ,  one m a t e r i a l  w i l l  be  deve loped  f o r  O-ring 
s e a l s  f o r  24-hour s e r v i c e  a t  26OoC i n  a geothermal  environment.  
w i l l  be  t h e  deve lo  ment i n  1977 of a t  l e a s t  one  e l a s tomer  f o r  use  as a n  
O-ring s e a l  a t  300 C under h igh  p r e s s u r e  i n  a geothermal  environment.  

A s t a t e - o f - t h e - a r t  su rvey  of e l a s t o m e r i c  m a t e r i a l s  f o r  O-r ings ,  seals, 
packing ,  e t c . ,  s u i t a b l e  f o r  h igh  t empera tu re  (26O0C) o p e r a t i o n  i n  geother -  
mal envi ronments ,  h a s  been i n i t i a t e d .  

One g o a l  

8 
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P r o j e c t  T i t l e :  

Con t rac t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

Con t rac t  Term: 

Repor ts  I s s u e d :  

1.2.1 Material Development and Corrosion Studies 

3 

Materials E v a l u a t i o n  and Development f o r  Sour 
Environments 

E ( 111 1) - 2602 

Case Western Reserve  U n i v e r s i t y  
Cleve land ,  Ohio 

A. R. Tro iano  
(216) 368-4234 

Robert  R. Reeber 
( 2 0 2 )  375-4312 

FTS 376-4912 

To a d a p t  e x i s t i n g  m a t e r i a l s  t o  new u s e s  i n  s o u r  
envi ronments .  

FY 75 - $325K 
FY 76JTQ.- $ 1 2 K  

12/15/74-5/31/77 

None 

1-25 
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P r o j e c t  T i t l e :  M a t e r i a l s  Eva lua t ion  and Development f o r  Sour 
Environments 

Con t rac t  No: E ( 11- 1) - 2602 

SUMMARY 

Samples of two c l a s s e s  of commerc ia l ly  a v a i l a b l e  a l l o y s  are b e i n g  
s u b j e c t e d  t o  a range  of  envi ronments  chosen  t o  produce stress c o r r o s i o n  
c rack ing .  Those a l l o y s  found t o  be  r e s i s t a n t  w i l l  be p rocessed  by the r -  
mal and mechanical t r e a t m e n t s  t o  f u r t h e r  improve t h e i r  s u s c e p t i b i l i t y  
t o  s t r e s s  c o r r o s i o n  c rack ing .  

Sc reen ing  tests f o r  bo th  commercial c o n s t r u c t i o n a l  and h i g h  s t r e n g t h  
c o r r o s i o n  r e s i s t a n t  a l l o y s  are i n  p r o g r e s s  a t  bo th  ambient  and h i g h e r  
t empera tu res  to  29OoC (550'F). 

Work on improving h e a t s  of commerc ia l ly  s u i t a b l e  a l l o y s  i s  be ing  
coord ina ted  with Armco S t e e l  Company. 

Revised September 1, 1976 



1.2.2 Scaling Control 

P r o j e c t  T i t l e :  S c a l e  Formation and C o n t r o l  Support  f o r  Total  
Flow Turb ine  Development 

C o n t r a c t  No: W-7405-ENG-48 

C o n t r a c t o r :  Lawrence Livermore Labora to ry  
Livermore.  C a l i f o r n i a  

P r i n c i p a l  A. L. A u s t i n  
I n v e s t i g a t o r :  (415) 447-1100, Ext.  3946 

FTS 457-3946 

Program Manager: Robert  R. Reeber 
(202)  376-4912 
FTS 376-4912 

P r o j e c t  Ob jec t ive :  To deve lop  c o n t r o l  methods f o r  s c a l i n g  i n  t o t a l  
f l ow t u r b i n e s ,  caused by geo the rma l  h o t  b r i n e s  
b r i n e s  such  as t h o s e  of  t h e  S a l t o n  Trough i n  
C a l i f o r n i a .  

Funding: FY 75 - S6OOK 
FY 76fTQ - S1125K 

C o n t r a c t  Term: 7/1/74-9/30/77 

Repor t s  I s sued :  A. Aus t in ,  G. Higgins ,  J. Howard, "The To ta l  Flow 
Concept f o r  Recovery o f  Energy from Geothermal Hot 
B r i n e  Depos i t  ," Lawrence Livermore Laboratory re- 
p o r t  UCRL-51366 ( A p r i l  1973) 

D. D. J ackson ,  J. H. H i l l ,  " P o s s i b i l i t i e s  f o r  
C o n t r o l l i n g  Heavy Metal  S u l f i d e s  i n  S c a l e  from 
Geothermal Br ines , "  Lawrence Livermore Laboratory 
r e p o r t  UCRL-51977 ( Janua ry  1976)  

R. N. Schock, A. Duba, "The E f f e c t  of E l e c t r i c a l  
P o t e n t i a l  on S c a l e  Formation i n  S a l i n e  Sea Brine,"  
Lawrence Livermore Labora to ry  r e p o r t  UCKL-51944 
(November 19 75) 

L. B. Owen, " P r e c i p i t a t i o n  of Amorphous S i l i c a  from 
High-Temperature Hyper sa l ine  Geothermal Brines ,"  
Lawrence Livermore Labora to ry  r e p o r t  UCRL-51866, t o  
be p r e s e n t e d  a t  t h e  1976 Spr ing  Annual Meeting and 
J o u r n a l  of Volcanology, Geochemistry,  and Pe t ro logy .  

1-26. 

P r o j e c t  T i t l e :  

C o n t r a c t  No: 

Revised Septeinber 1,1976 

S c a l e  Formation and C o n t r o l  Support  f o r  T o t a l  
Flow Turb ine  Development 

W-7405-ENG-48 

SUMMARY 

The purpose of t h e  p r o j e c t  i s  t o  s t u d y  t o t a l  f l o w  t u r b i n e  s c a l e  
fo rma t ion  c o n t r o l  f o r  b r i n e s ,  p a r t i c u l a r l y  t h e  h o t  b r i n e s  such  as t h o s e  
of  t h e  S a l t o n  Trough i n  C a l i f o r n i a .  The t o t a l  f low t u r b i n e  i s  be ing  
developed under  c o n t r a c t  number W-7405-ENG-48 as r e p o r t e d  i n  S e c t i o n  
1.2.4. 

F l u i d  hand l ing  and materials s t u d i e s  i n v o l v e  i n v e s t i g a t i o n s  o f  t h e  f low 
and chemis t ry  o f  t h e  geo the rma l  f l u i d s  i n  t h e  r e s e r v o i r  t h rough  t h e  pro- 
d u c t i o n  w e l l ,  t h rough  t h e  ene rgy  c o n v e r s i o n  a p p a r a t u s  and on  t o  d i s p o s a l .  
Understanding t h e  behav io r  of  s t r u c t u r a l  materials i n  t h e  b r i n e  environ-  
ment i s  inc luded  i n  t h i s  c a t e g o r y .  S p e c i a l  problems of  t h e  h o t  b r i n e s  
o f  t h e  S a l t o n  Trough are s c a l i n g  and c o r r o s i o n .  The d e t a i l s  o f  s c a l e  
fo rma t ion  and c o r r o s i o n  w i l l  be  i n v e s t i g a t e d .  

A f i e l d  t e s t i n g  l a b o r a t o r y  was b u i l t  and moved t o  t h e  I m p e r i a l  Va l l ey .  
The test  f a c i l i t y  i s  be ing  used t o  c o l l e c t  d a t a  on chemical  modif ica-  
t i o n s  of  b r i n e  t o  c o n t r o l  s c a l i n g  i n  t o t a l  f l ow t u r b i n e s .  



P r o j e c t  T i t l e :  

C o n t f a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding : 

C o n t r a c t  Te rm:  

Repor ts  I s sued :  

1.2.2 Scaling Control 

Sy s tems 

W-7405-ENG-26 

Oak Ridge Na t iona l  Labora tory  
Oak Ridge, Tennessee 

E. G .  Bohlman 
(615) 483-8611, Ext. 31371 
FTS 850-1371 

Rober t  R. Reeber 
(202) 376-4912 
FTS 376-4912 

P r e c i p i t a t i o n  and S c a l i n g  i n  Dynamic Geothermal 

i n e s  under v a r i o u s  Exper imenta t ion  wi th  synthe  
c o n d i t i o n s .  

FY 75 - $ 8513 
FY 76lTQ - $32413 

711 174-9130177 

None 

i c  b 

P r o j e c t  T i t l e :  P r e c i p i t a t i o n  and S c a l i n g  i n  Dynamic Geothermal 
Systems 

W-7405-ENG-26 Con t rac t  No: 

SUMMARY 

Cond i t ions  f o r  p r e c i p i t a t i o n  and s c a l i n g  i n  dynamic geo the rma l  sys tems 
w i l l  be determined by modi fy ing  an  e x i s t i n g  100 gpm t i t a n i u m  loop .  

S o l i d s  formed under va ry ing  f low c o n d i t i o n s ,  t empera tu re  ( t o  30OoC), 
and b r i n e  composi t ions  w i l l  be  q u a n t i t a t i v e l y  c h a r a c t e r i z e d  by chemica l  
a n a l y s i s ,  meta l lography,  c r y s t a l l o g r a p h y  and e l e c t r o n  microscopy.  Th i s  
l oop  demonstrated e x c e l l e n t  s e r v i c e a b i l i t y  ove r  a pe r iod  of y e a r s  i n  
s a l i n e  wa te r  co r ros ion  s t u d i e s  wi th  and wi thou t  p o l l u t a n t  a d d i t i v e s  
such  as H2S, NH3, and SO2 and should  be  e q u a l l y  s a t i s f a c t o r y  i n  t h i s  
a p p l i c a t i o n .  

P r e l i m i n a r y  exper iments ,  v a r y i n g  t empera tu re  and pH i n  a p r e c u r s o r  once- 
th rough system, have produced s c a l e  t h a t  c o n s i s t s  of conglomera tes  of  
p a r t i c l e s  cemented t o  t h e  system w a l l .  The s c a l e  has  been  c h a r a c t e r i z e d  
and is s i m i l a r  t o  t h a t  formed i n  geothermal  b r i n e s .  

1-27 Revised September 1, 1976 
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P r o j e c t  T i t l e :  S i l i c a  P r e c i p i t a t i o n  and Br ine  Management 

C o n t r a c t  No: W-7405-ENG-48 

C o n t r a c t o r :  Lawrence Berke ley  Labora tory  
Berke ley ,  C a l i f o r n i a  

P r i n c i p a l  John A. Apps 
I n v e s t i g a t o r s :  (415) 843-2740 e x t .  5193 

FTS 451-5193 

Oleh Weres 
(415) 843-2740 e x t .  5625 
FTS 451-5193 

Program Manager: Rober t  R. Reeber 
(202) 376-4912 
FTS 376-4912 

P r o j e c t  Ob jec t ive :  To c h a r a c t e r i z e  t h e  chemica l  compos i t ions  of 
geothermal  b r i n e s  and t o  deve lop  a geothermal  b r i n e  
management p lan .  

Funding : FY 75 - -- 
FY 76ITQ - $152K 

C o n t r a c t  Term: 411176-9/30/77 

Repor t s  I s sued :  None 

P r o j e c t  T i t l e :  S i l i c a  P r e c i p i t a t i o n  and Br ine  Management 

Con t rac t  No: W-7405-ENG-48 

SUMMARY 

The o b j e c t i v e s  of t h i s  p r o j e c t  a r e  t o  c h a r a c t e r i z e  t h e  chemica l  
composi t ions  of geo the rma l  b r i n e s ,  t o  a s s i s t  i n  t h e  development of a 
geothermal  br ine  management p l a n ,  and t o  deve lop  a model f o r  use  i n  
computer s imula t ions  of geothermal  p l a n t  performance degrada t ion .  

The development of  a b r i n e  management program p l a n  h a s  been i n i t i a t e d ,  
a s  h a s  a c q u i s i t i o n  and c a t a l o g i n g  of a v a i l a b l e  chemica l  d a t a  f o r  b r i n e s  
l i k e l y  t o  be e x p l o i t e d  d u r i n g  t h e  n e x t  10 y e a r s .  
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1.2.2 Scaling Control i 

P r o j e c t  T i t l e :  

C o n t r a c t  No: E (11-1) -2607 

Study of S i l i c a  S c a l i n g  from Geothermal Br ines  

Con t rac to r :  E I C  Inco rpora t ed  
Newton, Massachuse t t s  

P r i n c i p a l  W. W. Harvey 
I n v e s t i g a t o r :  (617) 965-2710 

Program Manager: Rober t  R. Reeber 
(202)  376-4912 
FTS 376-4912 

P r o j e c t  Ob jec t ive :  To e s t a b l i s h  k i n e t i c s  and mechanisms of i n i t i a l  
s t a g e s  of s i l i c a  s c a l e  fo rma t ion  i n  s y n t h e t i c  b r i n e s  
and i n d i c a t e  ways t o  c o n t r o l  s c a l e  formation i n  geo- 
the rma l  power p l a n t s .  

Funding: FY 75 - $289K 
FY 761TQ - -- 

C o n t r a c t  Te rm:  11/15/74-4/30/77 

Repor t s  I s sued :  None 
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P r o j e c t  T i t l e :  Study o f  S i l i c a  S c a l i n g  from Geothermal B r i n e s  

Con t rac t  No: E(11-1)-2607 

SUMMARY 

Homogeneous n u c l e a t i o n  and growth of s i l i c a  from b r i n e s  s u p e r s a t u r a t e d  
i n  s i l i c i c  a c i d  have been s t u d i e d  ove r  a range of pH(4.5-6.7). tempera- 
t u r e  (75-105OC), s a l i n i t y ,  and s i l i c i c  a c i d  c o n c e n t r a t i o n s  (700 t o  1200 ppm 
as  S i 0  ). 

The i s o t h e r m a l  r a t e  of  S i 0  condensa t ion  is a s t r o n g  f u n c t i o n  of  super -  
s a t u r a t i o n  (C/Ce ) ,  pH, ana  s a l i n i t y .  
g e n e r a l  theory  07 phase t r a n s i t i o n s  and are adequa te ly  d e s c r i b e d  by t h e  
Volmer e x p r e s s i o n s  f o r  condensa t ion  from s o l u t i o n .  A t  s u p e r s a t u r a t i o n s  
less than  about  3 a n  i n d u c t i o n  pe r iod  i s  observed;  i t  amounts t o  s e v e r a l  
hundred minutes  a t  s u p e r s a t u r a t i o n s  of 2. The " c r i t i c a l "  s u p e r s a t u r a -  
t i o n  i s  e s t i m a t e d  t o  be nea r  1.7. 

Primary n u c l e i  have r a d i i  of t h e  o r d e r  of  a few Angstroms. P a r t i c l e s  
w i th  r a d i i  o f  s e v e r a l  hundred Angstroms are ob ta ined  a t  e q u i l i b r i u m .  
Nuc le i  growth i s  a c t i v a t i o n  c o n t r o l l e d ,  a t  least i n i t i a l l y .  Growth 
k i n e t i c s  n e a r  e q u i l i b r i u m  appea r  t o  be d i f f u s i o n  c o n t r o l l e d .  

The s u b s t a n t i a l  e f f e c t  of b r i n e  s a l i n i t y  on condensa t ion  r a t e  can  be 
q u a n t i t a t i v e l y  accounted  f o r  by dec reased  e q u i l i b r i u m  s o l u b i l i t y  of  
H S i 0  w i t h  i n c r e a s i n g  s a l t  c o n t e n t .  

An i n c r e a s e  of one pH u n i t  i n  t h e  range  from 4.5 t o  6.7 d e c r e a s e s  
t h e  i n d u c t i o n  pe r iod  by a f a c t o r  of about  10. The pH dependence of  
t h e  growth rate is  c o n s i s t e n t  w i th  t h e  hypo thes i s  t h a t  H S i 0  i s  
one of  t h e  r e a c t i n g  s p e c i e s .  
have l i t t l e  e f f e c t  e i t h e r  on n u c l e a t i o n  o r  growth rate a t  a f i x e d  
i n i t i a l  H Si0 c o n c e n t r a t i o n ,  s u g g e s t i n g  t h a t  a t  t h e  h ighe r  tempera- 

4 4 .  t u r e s  t h e  rate i n c r e a s e  i s  compensated by lower  s u p e r s a t u r a t i o n .  

F u t u r e  work w i l l  i nc lude :  

2 

O v e r a l l  k i n e t i c s  f o l l o w  t h e  

4 4  

Changes of  t empera tu re  (753 to  f05'C) 

( A )  Eva lua t ion  of e f f e c t s  of i nc reased  t empera tu re  (105 t o  225OC) 
and of c a t i o n s  (Fe ,  A l ,  and o t h e r  me ta l  i o n s )  on n u c l e a t i o n  
and growth 

( B )  I n v e s t i g a t i o n  of he t e rogeneous  n u c l e a t i o n  on v a r i o u s  s u r f a c e s  
( s t a i n l e s s  steel ,  T i ,  non-me ta l l i c s )  

(C) C o r r e l a t i o n  of  s c a l e  composi t ion  t o  s o l u t i o n  compos i t ion  

A s c a l e  management confe rence  w a s  h e l d  a t  t h e  U n i v e r s i t y  of  C a l i f o r n i a ,  
San Diego, August 2-4, 1976. 
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P r o j e c t  T i t l e :  A Study of S c a l e  Formation and Suppress ion  i n  Heat 
Exchange Systems f o r  Geothermal Br ines  

C o n t r a c t  No: E ( 11- 1) -2833 

C o n t r a c t o r :  Dow Chemical,  USA 
F r e e p o r t ,  Texas 

P r i n c i p a l  John S. Wilson 
I n v e s t i g a t o r  : (7 13)  238-4153 

Program Manager: Rober t  R. Reeher 
(202) 376-4912 
FTS 376-4912 

P r o j e c t  Ob jec t ive :  To i n v e s t i g a t e  t echn iques  f o r  c o n t r o l l i n g  s c a l e  
fo rma t ion  from geothermal  b r i n e .  

Funding: FY 75 - -- 
FY 76/TQ - S112K 

C o n t r a c t  Term: 1 11 2 176-415 I77 

Repor t s  I s sued :  None 

3 

P r o j e c t  T i t l e :  A Study of S c a l e  Formation and Suppres s ion  i n  Heat 
Exchange Systems f o r  Geothermal Br ines  

C o n t r a c t  No: E ( 11- 1)  -2833 

SUMMARY 

Exper iments  w i l l  be conducted  t o  produce c o n t r o l l e d  s c a l i n g  i n  h e a t  
exchange r s  from s imula t ed  geothermal  b r i n e .  Four t echn iques  w i l l  be 
s t u d i e d  t o  con t ro l  s c a l e  fo rma t ion ;  ma in ta in  h igh  p r e s s u r e  of carbon 
d i o x i d e ,  add su r face  a c t i v e  polymers,  remove ca lc ium by t h e  a d d i t i o n  
of s u l f a t e  and e l ec t romagne t i c  p r o t e c t i o n .  Work h a s  commenced on  
i n s t a l l a t i o n  of sma l l  h e a t  exchange r s  f o r  e l e c t r o m a g n e t i c  p r o t e c t i o n  
exper iments .  The work is b e i n g  done a t  t h e  Dow Chemical wa te r  m a t e r i a l s  
test  c e n t e r  i n  F reepor t ,  Texas,  and u s e s  e x i s t i n g  equipment of t h e  
O f f i c e  of S a l i n e  Water. 
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1.2.3 Advanced Heat Exchangers 

P r o j e c t  T i t l e :  

Con t rac t  No: 

C o n t r a c t o r :  

P r  i n c  ipa  1 
I n v e s t i g a t o r s :  

Program Manager: 

P r o j  e c t  Ob jec t ive :  

Funding : 

Cont rac t  Term: 

Repor t s  I s sued :  

T ranspor t  and Convers ion  of Heat a t  Moderate 
Tempera tures  

W-7405-ENG-26 

Oak Ridge N a t i o n a l  Labora to ry  
Oak Ridge, Tennessee  

S. Combs 
(615) 483-8611, Ext .  37754 
FTS 850-7754 

R. Murphy 
(615) 483-8611, Ext .  35597 
FTS 850-5597 

H.  W. Hoffman 
(615)  483-8611, Ext.  37715 
FTS 850-7715 

C l i f f  McFarland 
(202)  376-4910 
FTS 376-4910 

To develop  technology f o r  e f f i c i e n t  t r a n s p o r t ,  
t r a n s f e r ,  and use  of h e a t  a t  t empera tu res  below 
t h e  t empera tu re  a t  which steam is  t h e  optimum 
medium f o r  t r a n s p o r t  and conve r s ion .  

FY 75 - $234K 
FY 76JTQ - $302K 

7/1/74-9J3OJ17 

S. L. Mi lora  and J. W. Tester, "Thermodynamics and 
Economics of Geothermal Power P roduc t ion  Cycles , "  
t o  be  pub l i shed  Spr ing  1976, MIT P r e s s .  

R. N .  Lyon, "An Approach t o  Opt imiz ing  the  Opera t ing  
Cond i t ions  of  Low Temperature Heat Engine Systems 
Using ' V i r  t ua  1 Temperature Drops, ' " ORNL-TM-4 864. 

S. L. Mi lo ra ,  "STATEQ: A Nonl inear  Leas t  Squares  
Code f o r  Ob ta in ing  Mar t in  Thermodynamic Representa- 
t i o n s  of  F l u i d s  i n  t h e  Gaseous and Dense Gaseous 
Regions ," ORNL-TM-5115. 
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P r o j e c t  T i t l e :  T r a n s p o r t  and Convers ion  of Heat a t  Moderate 
Tempera tures  

Con t rac t  No: W-7405-ENG-26 

SUMMARY 

T h i s  p r o j e c t  w i l l  s t u d y  "cold  vapor s , "  working and t r a n s p o r t  f l u i d s  wi th  
a tmosphe r i c  b o i l i n g  p o i n t s  below t h a t  of water .  
peak t empera tu re  w i l l  depend on t h e  n a t u r e  of h e a t  sou rce .  Although 
t h e  r e f r i g e r a t i o n  i n d u s t r y  h a s  e x t e n s i v e  e x p e r i e n c e  wi th  many of t h e s e  
f l u i d s  a t  t empera tu res  up t o  5OoC, knowledge of p h y s i c a l  and chemica l  
p r o p e r t i e s  a t  h i g h e r  t empera tu res  i s  g e n e r a l l y  u n r e l i a b l e .  Eng inee r ing  
p r a c t i c e  and c o n s t r u c t i o n  c o s t s  f o r  u s ing  t h e s e  f l u i d s  f o r  h i g h e r  tem- 
p e r a t u r e s  must be  r e f i n e d  t o  choose  t h e  b e s t  f l u i d  o r  d e s i g n  e f f i c i e n t  
f l u t e d - s u r f a c e  condense r s  o r  h e a t  exchangers  f o r  h e a t i n g  s u p e r c r i t i c a l  
nonaqueous f l u i d s .  

The program w i l l  moni tor  c u r r e n t  e f f o r t s  i n  s c a l i n g  c o n t r o l  and w i l l  
i n v e s t i g a t e  one  o r  more a t t r a c t i v e  new concep t s  f o r  d e s i g n  of h e a t  ex- 
changers .  S p e c i f i c  o b j e c t i v e s  are: (1) c o l l e c t i o n ,  c o r r e l a t i o n ,  and 
p r e s e n t a t i o n  of i n fo rma t ion  on t h e  p r o p e r t i e s  of c o l d  v a p o r - f l u i d s ;  
(2) development and t e s t i n g  of components f o r  c o l d  vapor  sys tems;  
(3 )  comple t ion  of c y c l e  and c o s t  s t u d i e s ,  i n c l u d i n g  comparison wi th  
f l a s h i n g  aqueous sys tems;  and  ( 4 )  subsystem development and demonstra- 
t i o n s .  
mary w i l l  be  i s s u e d  of t h e  known p r o p e r t i e s  f o r  ammonia, i s o b u t a n e ,  
and a t  least  one o t h e r  working f lu id - -poss ib ly  Freon 115. Gene ra l  
methods f o r  choos ing  among c a n d i d a t e  working f l u i d s  w i l l  b e  examined. 

Exper imenta l  s t u d i e s  of condensa t ion  on f l u t e d  s u r f a c e s  w i l l  beg in .  
P r e l i m i n a r y  expe r imen ta l  s t u d i e s  of  s u p e r c r i t i c a l  h e a t  t r a n s f e r  t o  
nonaqueous f l u i d s  and a p r e l i m i n a r y  i n v e s t i g a t i o n  of  a m u l t i f l a s h  
t y p e  of c l o s e d  h e a t  exchanger  w i l l  be  made. 

The i n v e s t i g a t o r s  w i l l  i n i t i a t e  a t h e o r e t i c a l  a n a l y s i s  aimed a t  
p r e d i c t i o n  of h e a t  t r a n s f e r  and f low i n  h e a t e d  s u p e r c r i t i c a l  f l u i d s .  

An e x t e n s i v e  thermodynamicJeconomic a n a l y s i s  of b i n a r y  c y c l e s  u s i n g  
conven t iona l  h e a t  exchanger  technology h a s  been completed and r e p o r t e d  
i n  d r a f t  form. A n a l y t i c a l  e q u a t i o n s  of s ta te  f o r  14  c a n d i d a t e  b i n a r y  
c y c l e  working f l u i d s  have  been  developed .  Empi r i ca l  d a t a  f o r  condens- 
i n g  f i l m  c o e f f i c i e n t s  on f l u t e d  v e r t i c a l  t u b e s  have been o b t a i n e d  f o r  
R-21 and R-114. 

The maximum a p p l i c a b l e  

A n a l y t i c a l  work w i l l  c o n t i n u e  on f l u i d  p r o p e r t i e s ,  and a sm- 
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P r o j e c t  T i t l e :  Second Genera t ion  Heat Exchanger Development 

Con t rac t  No: E (  10-1) -1375 

Con t rac to r :  Idaho  Na t iona l  Engineer ing  Labora to ry  
Idaho  F a l l s ,  Idaho  

P r i n c i p a l  B. C. Musgrave 
I n v e s t i g a t o r s :  (208) 526-0111, Ext. 3269 

FTS 583-3269 

Program Manager: C l i f f  McFarland 
(202) 376-4910 

FTS 376-4910 

P r o j e c t  O b j e c t i v e :  To develop  t h e  technology r e q u i r e d  t o  d e s i g n  
e f f i c i e n t ,  non-foul ing  h e a t  exchange r s  f o r  t r a n s -  
f e r r i n g  h e a t  from m i n e r a l i z e d  geothermal  f l u i d s .  

Funding: FY 15  - $189K 
FY 16ITQ - $440K 

Con t rac t  T e r m :  711174-9/30/17 

Repor ts  I s sued :  D a r t ,  R. H., D. T. N e i l l ,  J. F. Whitbeck. "Conceptual 
Des ign  and Cost Eva lua t ion  of Organic  Rankine Cycle  
E l e c t r i c  Genera t ing  P l a n t  Powered by Medium Tempera- 
t u r e  Geothermal Water," ANCR-1226 

Madsen, W. W. ,  I. J. Ingva r s son .  "Ana lys i s  of t h e  
Binary  Cycle f o r  Geothermal Power Genera t ion ,"  
ANCR -1245, December 1975. 

P r o j e c t  T i t l e :  Second Genera t ion  Heat Exchanger Development 

Con t rac t  No: E (  10-1)-1375 

SUMMARY 

Various  c o n d i t i o n s  of t empera tu re ,  b r i n e  c o n c e n t r a t i o n  and  chemica l  
compos i t ions  a r e  b e i n g  i n v e s t i g a t e d  i n  t h e  l a b o r a t o r y  and f i e l d .  
The f l u i d i z e d  bed i s  t h e  h e a t  exchanger concept  b e i n g  e x p e r i m e n t a l l y  
i n v e s t i g a t e d .  T h e o r e t i c a l  s t u d i e s  of b i n a r y  c y c l e s  are a l s o  i n  
p rogres s .  

The program has t h e  fo l lowing  p r i n c i p a l  g o a l s :  

1. Design and test on a c t u a l  geothermal  f l u i d s  a p i l o t  model of a 
f lu id i zed -bed  h e a t  exchanger  having  m u l t i p l e  s t a g e s  t o  de t e rmine  
i t s  e f f i c i e n c y  and performance under va ry ing  c o n d i t i o n s .  

2. Examine p resen t  h e a t  exchanger t echn iques  now in o p e r a t i o n  and 
de te rmine  t h e i r  e f f i c i e n c i e s  and c h a r a c t e r i s t i c s .  

3. Compare these  h e a t  exchangers  g i v i n g  t h e i r  l i m i t a t i o n s ,  o p e r a t i n g  
r anges ,  e f f i c i e n c i e s  wi th  t i m e ,  and o t h e r  a p p r o p r i a t e  i n fo rma t ion .  

Numerous o t h e r  n o n - e l e c t r i c  a p p l i c a t i o n s  of t h e s e  h e a t  exchange r s  
p o t e n t i a l l y  e x i s t  u t i l i z i n g  geothermal  energy  i n  a d d i t i o n  t o  h e a t  
exchange between geothermal  and p l a n t  working f l u i d s  f o r  e l e c t r i c a l  
a p p l i c a t i o n s .  Space h e a t i n g  and chemica l  p rocess  h e a t i n g  a r e  examples.  

F l u i d i z e d  bed d a t a  have been ob ta ined  i n  bench and f i e l d  t e s t i n g  
programs. High f i l m  c o e f f i c i e n t s  and no f o u l i n g  were no ted  i n  t h e  
tests. 
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P r o j e c t  T i t l e :  

Con t rac t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r s :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding : 

Cont rac t  Te rm:  

Repor ts  I s sued :  

Geothermal Energy U t i l i z a t i o n  - Heat Exchanger 
Coord ina t ion ,  Binary  F l u i d  Experiment,  Cycle 
Mode 1 ing  

W-7405-ENG-48 

Lawrence Berke ley  Labora to ry  
Berke ley ,  C a l i f o r n i a  

K. F. Mirk 
(415) 843-2740, Ext. 6105 
FTS 451-6105 

R. F. F u l t o n  
(415) 843-2740, Ext. 6105 
FTS 451-6105 

C l i f f  McFarland 
(202) 376-4910 
FTS 376-4910 

To c o o r d i n a t e  DGE h e a t  exchanger  programs, t o  
conduct  expe r imen t s  t o  e v a l u a t e  t h e  i n f l u e n c e  of  
con taminan t s  on b i n a r y  c y c l e  condenser  performance, 
and t o  per form thermodynamic c y c l e  a n a l y s i s .  

FY 75 - -- 
FY 76/TQ - $285K 

5126176-9130177 

None 

P r o j e c t  T i t l e :  Geothermal Energy U t i l i z a t i o n  - Heat Exchanger 
Coord ina t ion ,  Binary  F l u i d  Experiment,  and Cycle  
Modeling 

Con t rac t  No: W-7405-ENG-48 

SUMMARY 

T h i s  p r o j e c t  c o n s i s t s  of t h r e e  t a s k s :  c o o r d i n a t i n g  DGE h e a t  exchanger  
c o n t r a c t s ,  conduc t ing  a b i n a r y  f l u i d  exper iment ,  and c o n t i n u i n g  develop- 
ment and use  of  t h e  computer code  GEOTHM. 

The s u b t a s k s  invo lved  i n  h e a t  exchanger  c o o r d i n a t i o n  are: (1 )  t o  
fo rmula t e  an  ERDA DGE program i n  h e a t  exchanger  technology;  (2 )  r ev iew 
t h i s  program wi th  ERDA Headquar t e r s  and modify t h e  program as r e q u i r e d ;  
(3 )  p repa re  RFP's f o r  t h e  subprograms i d e n t i f i e d ;  (4)  r ev iew p r o p o s a l s  
and recommend c o n t r a c t o r s ,  ERDA l a b o r a t o r i e s  and o t h e r  government 
a g e n c i e s  t o  per form t h e  subprograms; (5) rev iew t h e  p r o g r e s s  of subpro- 
grams; and ( 6 )  rev iew and modify t h e  DGE program a s  new i n f o r m a t i o n  is 
ob ta ined  bo th  from w i t h i n  and o u t s i d e  t h e  DGE program. 

The Binary  F l u i d  Experiment (BFE) h a s  two s u b t a s k s .  The f i r s t  i s  t o  
p rov ide  more p r e c i s e  d a t a  on secondary - f lu id  h e a t  t r a n s f e r  c o e f f i c i e n t s  
t h a t  can be  i n c o r p o r a t e d  i n t o  t h e  d e s i g n  of i n i t i a l  b ina ry -cyc le  demon- 
s t r a t i o n  p l a n t s .  The second s u b t a s k  i s  t o  s tudy  t h e  e f f e c t s  of contami- 
n a n t s  on t h e  secondary - f lu id  h e a t  t r a n s f e r  c o e f f i c i e n t s .  Knowledge of  
t h e  e f f e c t  of water con tamina t ion  on t h e  secondary - f lu id  condens ing  
c o e f f i c i e n t s ,  f o r  example,  i s  c r u c i a l  t o  t h e  d e s i g n  of d i r e c t - c o n t a c t  
h e a t  exchangers .  

The computer code  GEOTHM, th rough a " b u i l d i n g  block" approach ,  p e r m i t s  
t h e  modeling of ene rgy  conve r s ion  c y c l e s  of p o t e n t i a l  a p p l i c a t i o n  t o  
geothermal  energy. 



P r o j e c t  T i t l e :  APEX: An Advanced Geothermal Pr imary  Heat Exchanger 

C o n t r a c t  No: E (04-3)-1125 

C o n t r a c t o r :  Aero je t  L iquid  Rocket Company 
Sacramento,  C a l i f o r n i a  

P r i n c i p a l  B. B re inde l  
I n v e s t i g a t o r :  (916) 355-3631 

Program Manager: C l i f f  McFarland 
(202) 376-4910 

FTS 376-4910 

P r o j e c t  Ob jec t ive :  To o b t a i n  s u f f i c i e n t  a n a l y t i c a l  and expe r imen ta l  
d a t a  t o  permi t  t h e  d e s i g n  and development of an  
Advanced Pr imary  Heat Exchanger (APEX) f o r  geother -  
m a l  power g e n e r a t i o n  which does  n o t  f o u l  when d i s -  
so lved  sa l t s  and m i n e r a l s  a r e  p r e c i p i t a t e d  d u r i n g  
t h e  h e a t  t r a n s f e r  p rocess .  

Funding : FY 75 - $175K 
FY 76/TQ - $2281< 

Con t rac t  Te rm:  6 17 5-6 /76 

Repor t s  I s sued :  None 

P r o j e c t  T i t l e :  APEX: An Advanced Geothermal Pr imary  Heat Exchanger 

Con t rac t  No: E(04-3)-1125 

SUMMARY 

In t h e  APEX concept ,  a bed m a t e r i a l  i s  f l u i d i z e d  wi th  t h e  p r e s s u r i z e d  
geothermal  well  water t o  p rov ide  p r e c i p i t a t i o n  s i tes  f o r  m a t e r i a l s  com- 
i n g  o u t  of s o l u t i o n  a s  t h e  t empera tu re  of t h e  geothermal  wa te r  drops .  
T h i s  bed ma te r i a l  a l s o  p rov ides  a s c o u r i n g  a c t i o n  on t h e  h e a t  t r a n s f e r  
s..- YLfIIL.CU. ^ ^ ^ ^  

where i t  i s  removed i n  a con t inuous  p rocess .  Heat is t r a n s f e r r e d  from 
t h e  pr imary  (geothermal) f l u i d  t o  t h e  secondary  (power conve r s ion )  
f l u i d ,  pas s ing  coun te r f low,  by f o r c e d  convec t ion  and by t h e  bed  m a t e r i a l .  

As i n a t e r i a l  p r e c i p i t a t e s ,  i t  b u i l d s  up on t h e  bed m a t e r i a l  

The APEX concept p r o v i d e s  s e v e r a l  un ique  f e a t u r e s ,  n o t  cons ide red  i n  
o t h e r  geothermal f l u i d i z e d  bed i n v e s t i g a t i o n s ,  which w i l l  a l l o w  t h e  
c o n s t r u c t i o n  of a s i n g l e  s t a g e  coun te r f low h e a t  exchanger  o p e r a t i n g  a t  
much h i g h e r  flow v e l o c i t i e s .  Th i s  combina t ion  of coun te r f low and h igh  
v e l o c i t i e s  i n  a s i n g l e  s t a g e  h e a t  exchanger  i s  expec ted  t o  y i e l d  s i g -  
n i f i c a n t  c o s t  advantages  ove r  conven t iona l  mu l t i - s t age  f l u i d i z e d  bed 
h e a t  exchangers.  

The r e s e a r c h  e f f o r t  combines t h e o r e t i c a l  a n a l y s e s  and l a b o r a t o r y  s c a l e  
expe r imen ta t ion  t o  c h a r a c t e r i z e  t h e  APEX concept  w i th  s u f f i c i e n t  conf i -  
dence  t o  proceed wi th  t h e  d e s i g n  and c o n s t r u c t i o n  of a 10 MW proof-of- 
concept  h e a t  exchanger f o r  t e s t  a t  a geothermal  s i t e  t o  be  s e l e c t e d .  
Labora to ry  tests a r e  c u r r e n t l y  in p r o g r e s s  t o  s tudy  i n j e c t i o n ,  suspen- 
s i o n  c h a r a c t e r i s t i c s  and removal of sand p a r t i c l e s  i n  t h e  b r i n e  s i d e  
flow. 

Bed m a t e r i a l  i n j e c t i o n  and e x t r a c t i o n  t echn iques  have  been  e v a l u a t e d  
and demonstrated.  
b r i n e  a r e  p r e s e n t l y  i n  p rogres s  t o  e v a l u a t e  s c a l e  suppres s ion .  

Tests on a p ro to type  model l oop  i n v o l v i n g  s imula t ed  
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

Con t rac to r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

C o n t r a c t  Term: 

Repor t s  I s sued :  

Research  on Direct Con tac t  Binary  P rocess  f o r  
Geothermal Hot Water 

E(04-3)-1116 

The Ben Hol t  Company 
Pasadena ,  C a l i f o r n i a  

Anker Sims 
(213) 684-2541 

C l i f f  McFarland 
(202)  376-4910 
FTS 376-4910 

To e x p e d i t e  t h e  commerc ia l i za t ion  of d i r e c t  c o n t a c t  
b i n a r y  c y c l e  p rocess  f o r  geothermal  power g e n e r a t i o n  
from l iqu id-dominated  r e s e r v o i r s .  

FY 75 - $128K 
FY 76/TQ - -- 
6123176-5/12/76 

Sims, A. V., "Geothermal Direct Con tac t  Heat 
Exchange." ( June  1976) 
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P r o j e c t  T i t l e :  Research  on Direct Con tac t  Binary  P r o c e s s  f o r  
Geothermal Hot Water 

C o n t r a c t  No: E(04-3)-1116 

SUMMARY 

Thi s  p r o j e c t  a d d r e s s e s  t h e  q u e s t i o n  of f e a s i b i l i t y  of d i r e c t  c o n t a c t  
h e a t  exchange f o r  b i n a r y  c y c l e  geothermal  power p l a n t s .  Inc luded  a r e  
expe r imen t s  t o  s t u d y  t h e  phys ic s  of  d i r e c t  c o n t a c t  h e a t  t r a n s f e r  i nc lud -  
i n g  d e t e r m i n a t i o n  of s o l u b i l i t y  of hydrocarbons  i n  b r i n e  and hydrocarbon 
s t r i p p i n g .  Economic a n a l y s i s  of d i r e c t  c o n t a c t  b i n a r y  c y c l e s  and con- 
c e p t u a l  d e s i g n s  of d i r e c t  c o n t a c t  h e a t  exchange r s  have been  performed. 

A number of expe r imen t s  s t u d y i n g  t h e  e f f e c t  of column i n t e r n a l s  on h e a t  
exchanger  per formance  f o r  a hexane-water system a t  a tmosphe r i c  p r e s s u r e  
have  been  conducted .  A computer code  has  been  w r i t t e n  which p r o v i d e s  a 
c a p a b i l i t y  f o r  per forming  p a r a m e t r i c  s t u d i e s  of t h e  economics of d i r e c t  
c o n t a c t  b i n a r y  c y c l e s .  



P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r o j e c t  O b j e c t i v e :  

Funding : 

C o n t r a c t  Te rm:  

Repor t s  I s sued :  

Study and T e s t i n g  of Direct Contac t  Heat Exchangers 
f o r  Geothermal Br ines  

E(40-1)-4893 

DSS Engineers  
F o r t  Lauderda le ,  F l o r i d a  

B i l l  S u r a t t  
(305) 792-6660 

P, I L C  * - C ^ - I ^ - A  

( 2 0 2 )  376-4910 
FTS 376-4910 

C l l l L l  L L I a I l a L L U  

To a s s e s s  t h e  t e c h n i c a l  and economic f e a s i b i l i t y  
of u t i l i z i n g  d i r e c t  c o n t a c t  h e a t  exchange r s  f o r  
geothermal  a p p l i c a t i o n s .  

FY 15  - $130K 
FY 76/TQ - $219K 

411 f 15-6130116 

None 
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P r o j e c t  T i t l e :  Study and T e s t i n g  of Direct Con tac t  Heat Exchangers 
f o r  Geothermal Br ines  

E (40-1) -4893 C o n t r a c t  No: 

SUMMARY 

The fo l lowing  e i g h t  t a s k s  a r e  t o  be  addres sed :  
s e l e c t i o n ;  (2) d e f i n i t i o n  of p r e l i m i n a r y  d e s i g n  p rocedures ;  (3 )  t e s t  
d e s i g n  and test p rocedures ;  (4)  h e a t  exchanger  d e s i g n  and s c a l e  model 
f a b r i c a t i o n ;  (5) conduct  of expe r imen t s ;  (6) development of f i n a l  
d e s i g n  procedures ;  ( 7 )  t e c h n i c a l  and economic f e a s i b i l i t y  a s ses smen t ;  
and (8 )  p repa ra t ion  of a recommended R&D program. 

A t es t  appa ra tus  w a s  des igned  t o  f low 10 gpm of i s o b u t a n e  and 5 gpm of  
b r i n e .  Two hea t  exchanger  v e s s e l s  are i n  t h e  sys tem,  a l i q u i d - l i q u i d  
p r e h e a t e r  and a l i qu id -vapor  b o i l e r .  Tests have  been  made wi th  c l e a n  
water - i sobutane  and water  s a t u r a t e d  wi th  N a C 1 .  High v o l u m e t r i c  h e a t  
t r a n s f e r  c o e f f i c i e n t s  have been observed .  

(1) working f l u i d  
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P r o j e c t  T i t l e :  A Study of  Direct Con tac t  Heat Exchange f o r  
E x t r a c t i o n  of Energy from Geothermal Brines 

C o n t r a c t  No: E (04-3) -1076 

C o n t r a c t o r :  Occ iden ta l  Research Corpora t ion  
La Verne, C a l i f o r n i a  

P r i n c i p a l  Ed Wahl 
I n v e s t i g a t o r :  (714) 593-7421 

Program Manager: C l i f f  McFarland 
(202) 376-4910 
FTS 376-4910 

P r o j e c t  Ob jec t ive :  To a s s e s s  t h e  t e c h n i c a l  and economic f e a s i b i l i t y  
of  d i r e c t  h e a t  exchange f o r  geothermal  a p p l i c a t i o n s .  

Funding: FY 75 - $ 93K 
FY 76/TQ - $ 27K 

C o n t r a c t  Te rm:  6126175-12/31/77 

Repor t s  I s sued :  None 
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P r o j e c t  T i t l e :  A Study of Direct Con tac t  Heat Exchange f o r  
E x t r a c t i o n  of Energy from Geothermal  Br ines  

C o n t r a c t  No: E (04-3) -10 7 6 

SUMMARY 

P a r t  of t h e  c u r r e n t  program, a s s e s s i n g  t h e  f e a s i b i l i t y  of a p p l y i n g  
d i r e c t  c o n t a c t  h e a t  exchange t o  geothermal  p r o c e s s e s ,  i s  a n  experimen- 
t a l  s tudy  of a s u p e r c r i t i c a l  i s o b u t a n e  c y c l e  o p e r a t i n g  a t  maximum con- 
d i t i o n s  of abou t  15OoC and 650 p s i a  wi th  b r i n e  through-put of 5 gpm. 
Tests are t o  be  performed i n  t h e  l a b  and f i e l d .  Inc luded  w i l l  be  a 
c o n c e p t u a l  d e s i g n  s t u d y ,  c o n s t r u c t i o n  of a s c a l e  model exchanger ,  deve l -  
opment of d e s i g n  p rocedures ,  i d e n t i f i c a t i o n  of e n g i n e e r i n g  problems, 
assessment  of f e a s i b i l i t y  and p r e p a r a t i o n  of a program f o r  follow-on 
r e s e a r c h  and development.  

Design of t h e  l a b o r a t o r y  test system is comple te  and equipment 
f a b r i c a t i o n  i s  i n  p rogres s .  



L 

I 

P r o j e c t  T i t l e :  F e a s i b i l i t y  Study of t h e  A p p l i c a t i o n  of D i r e c t  
Con tac t  Heat Exchangers t o  Power Cycles  U t i l i z i n g  
Geothermal Br ines  

C o n t r a c t  No: E( 10-1)-1549 

C o n t r a c t o r :  U n i v e r s i t y  of  Utah 
S a l t  Lake C i t y ,  Utah 

P r i n c i p a l  Harold R. J acobs  
I n v e s t i g a t o r s :  (801) 581-7104 

Rober t  F. Boehm 
(801) 581-7106 

Program Manager: C l i f f  McFarland 
( 2 0 2 )  376-4910 

FTS 376-4910 

P r o j e c t  Ob jec t ive :  Eva lua te  f e a s i b i l i t y  of  a p p l y i n g  d i r e c t  c o n t a c t  
h e a t  exchangers .  

Funding: FY 75 - $167K 
FY 76fTQ - -- 

C o n t r a c t  Te rm:  1/15/75-6/30/77 

Repor t s  I s sued :  ( s e e  l i s t  a f t e r  "Summary") 
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P r o j e c t  T i t l e :  F e a s i b i l i t y  Study of t h e  A p p l i c a t i o n  of  Direct 
Contac t  Heat Exchangers t o  Power Cycles  U t i l i z i n g  
Geothermal Br ines  

C o n t r a c t  No: E (10-1) -1549 

SUMMARY 

I t e m s  covered  i n  t h e  scope  of t h e  p r o j e c t  i nvo lve  h e a t  t r a n s f e r  s t u d i e s ,  
s o l u b i l i t y  in format ion  and o v e r a l l  sys tems c o n s i d e r a t i o n s .  In  t h e  h e a t  
t r a n s f e r  s t u d i e s ,  work i s  b e i n g  d i r e c t e d  p r i m a r i l y  toward d i r e c t  c o n t a c t  
p r o c e s s e s  between immisc ib le  f l u i d s  as one of  t h e  f l u i d s  undergoes 
phase  change. A test  of a s c a l e  model h e a t  exchanger  i s  one  of  t h e  
f i n a l  g o a l s  of t h i s  work. S o l u b i l i t y  in fo rma t ion  i s  b e i n g  de termined  
f o r  hydrocarbon l i q u i d s  and vapor s  i n  heav i ly - l aden  b r i n e s .  Systems 
s t u d i e s  w i l l  be concerned p r i m a r i l y  wi th  t h e  thermodynamic a s p e c t s  of 
t h e  d i r e c t  contac t - type  power cyc le .  Although some p rev ious  work on 
b i n a r y  power cyc le s  w i l l  be  of v a l u e  he re ,  a d d i t i o n a l  pa rame te r s  e n t e r  
i n  t h e  d i r e c t  c o n t a c t  c y c l e .  

D i r e c t  c o n t a c t  h e a t  exchanger tests have  been performed b o t h  i n  t h e  
l a b o r a t o r y  and i n  t h e  f i e l d  a t  t h e  Raf t  River  s i te .  Volumetr ic  h e a t  
t r a n s f e r  c o e f f i c i e n t  f o r  bo th  l i q u i d - l i q u i d  and b o i l e r  exchange r s  have 
exceeded e x p e c t a t i o n s  f o r  b r ine - i sobu tane  usage. S o l u b i l i t y  and ca r ry -  
ove r  d a t a  have  been acqu i red  i n  t h e  c o u r s e  of t e s t i n g .  
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P r o j e c t  T i t l e :  F e a s i b i l i t y  S tudy  of t h e  A p p l i c a t i o n  of Direct 
Con tac t  Heat Exchangers t o  Power Cyc le s  U t i l i z i n g  
Geothermal B r i n e s  

C o n t r a c t  No: E( 10-1)-1549 

Repor t s  I s sued :  

R. F. Boehm and H. R. J acobs ,  "Raf t  R ive r  D i r e c t  Con tac t  Heat Exchanger 
P r o j e c t  Q u a r t e r l y  Repor t ,  J u l y  1 t o  September 30, 
Utah ,  UTEC ME 75-156 (October  9 ,  1975).  

H. R. J acobs ,  R. S .  Deeds and R. F. Boehm, "Heat T r a n s f e r  C h a r a c t e r i s t i c s  
of a Surface-Type D i r e c t  Con tac t  B o i l e r , "  A b s t r a c t  submi t t ed  f o r  consid- 
e r a t i o n  f o r  p r e s e n t a t i o n  a t  t h e  1976 N a t i o n a l  Heat T r a n s f e r  Conference 
(November 26. 1975). 

C. K. B l a i r ,  R. F. Boehm and H. R. J acobs ,  "Heat T r a n s f e r  C h a r a c t e r i s t i c s  
of a D i r e c t  Con tac t  Volume Type B o i l e r , "  A b s t r a c t  submi t t ed  f o r  consid- 
e r a t i o n  f o r  p r e s e n t a t i o n  a t  t h e  1976 N a t i o n a l  Heat T r a n s f e r  Conference 
(November 26, 1975).  

H. R. J acobs ,  R. W. Johnson and R. F. Boehm, "Heat T r a n s f e r  and 
Temperature D i s t r i b u t i o n s  i n  Liquid-Liquid Direct Con tac t  P a r a l l e l  Flow 
of Immisc ib le  F lu ids , "  A b s t r a c t  submi t t ed  f o r  c o n s i d e r a t i o n  f o r  presen- 
t a t i o n  a t  t h e  1976 N a t i o n a l  Heat T r a n s f e r  Conference  (November 26, 1975).  

R. W. Johnson ,  "Direct Con tac t  Heat T r a n s f e r  Between Two Immiscible 
L i q u i d s  i n  Laminar Flow between P a r a l l e l  P l a t e s , "  Master of Sc ience  
T h e s i s ,  U n i v e r s i t y  of Utah, (December 1975).  

R. F. Boehm and H. R. J acobs ,  "Direct Con tac t  Heat Exchanger P r o j e c t  
Work - S h o r t  Summary," ERDA Geothermal Progam Review Meeting, 
Washington, D.C. (December 10, 1975).  

R. F. Boehm, H. R. J acobs ,  C. K. B l a i r ,  R. S. Deeds, R. W. Johnson and 
D. K e l l y ,  "Di rec t  Con tac t  Heat Exchangers f o r  Geothermal Power Genera- 
t i o n  - P a r t  l - Heat T r a n s f e r  Cons ide ra t ions , "  A b s t r a c t  submi t ted  f o r  
c o n s i d e r a t i o n  f o r  p r e s e n t a t i o n  a t  t h e  1976 I n t e r s o c i e t y  Energy Conver- 
s i o n  Eng inee r ing  Conference  (December 26, 1975).  

R. F. Boehm, H. R. J acobs ,  D. R i e m e r ,  R. B l i s s ,  and G. Hel l s t rom,  
"Di rec t  Con tac t  Heat Exchangers f o r  Geothermal Power Genera t ion  - P a r t  
2 - Thermodynamic and S o l u b i l i t y  Cons ide ra t ions , "  A b s t r a c t  submi t ted  
f o r  c o n s i d e r a t i o n  f o r  p r e s e n t a t i o n  a t  t h e  1976 I n t e r s o c i e t y  Energy 
Convers ion  Eng inee r ing  Conference (December 26, 1975).  

1975," U n i v e r s i t y  o f  
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

C o n t r a c t  Term: 

Repor t s  I s sued :  

Small  Geothermal E l e c t r i c  Genera tor  

E(29-1)-0789 

Sandia  L a b o r a t o r i e s  
Albuquerque, New Mexico 

J. D. Cyrus 
(505) 264-7338 
FTS 475-7338 

John V. Walker 
( 2 0 2 )  376-4912 

FTS 376-4912 

To develop  a small wel lhead  geothermal  e l e c t r i c  
g e n e r a t o r .  

FY 75 - S 22K 
FY 76/TQ - S184K 

7 1  1174-9130176 

None 

3 3 

P r o j e c t  T i t l e :  Small  Geothermal E l e c t r i c  Genera to r  

C o n t r a c t  No: E (29-1) -0789 

SUMMARY 

The o b j e c t i v e  of t h e  Sandia  L a b o r a t o r i e s  program "Small Geothermal 
E l e c t r i c  Generator" i s  t o  deve lop  a s e l f  con ta ined  Freon sys tem t o  
use  t h e  h e a t  from a n a t u r a l  h o t  s p r i n g  o r  geothermal  w e l l  t o  g e n e r a t e  
s m a l l  amounts of e l e c t r i c i t y .  

In 1975, t h e  fo l lowing  e f f o r t s  were i n i t i a t e d :  

1. Design a n a l y s i s  of t h e  energy  conve r s ion  system. 

2. D e f i n i t i o n  of t h e  c h a r a c t e r i s t i c s  of t h e  h o t  s p r i n g  r e source .  

3. S e l e c t i o n  of hardware  t h a t  can  be  mod i f i ed  and assembled i n  a 
l a b o r a t o r y  working model. 

Follow-on work i n c l u d e s  l a b o r a t o r y  and f i e l d  demons t r a t ions .  

A s m a l l  test loop ,  i n s t a l l e d  a t  Sandia ,  produced 3KW i n  p r e l i m i n a r y  
runs .  The t u r b i n e  and g e n e r a t o r  func t ioned  w e l l .  However, t h e  test  w a s  
t e rmina ted  a s  a r e s u l t  of t h e  h e a t  exchanger l e a k i n g .  

I n v e s t i g a t i o n  of p o t e n t i a l  o p e r a t i n g  s i tes  r e v e a l e d  t h a t  no s u i t a b l e  
s i t e  can  be  found i n  Alaska  t o  use  t h e  equipment.  Thus t h e  work w i l l  be  
t e rmina ted  a t  t h e  end of September 1976. 

A l a r g e r ,  40 t o  9 0  KW t u r b i n e  g e n e r a t o r  i s  b e i n g  f a b r i c a t e d  f o r  t e s t i n g  
i n  FY 77 a t  a s i t e  t o  be  de te rmined .  
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

C o n t r a c t  Term:  

Repor t s  I s sued :  

Geothermal T o t a l  Flow Concept 

W-7405-ENG-48 

Lawrence Livermore Labora tory  
Livermore,  C a l i f o r n i a  

A. L. Aus t in  
(415) 447-1100, Ext. 3946 
FTS 457-3946 

C l i f f  McFarland 
(202) 376-4910 
FTS 376-4910 

To develop  and e v a l u a t e  methods f o r  commercial 
p roduc t ion  of e l e c t r i c  power from t h e  energy of  
geothermal  d e p o s i t s ,  p a r t i c u l a r l y  t h e  ho t  b r i n e s  
such  a s  t h o s e  of t h e  S a l t o n  Trough i n  C a l i f o r n i a  
and t h e  geopressured  r e g i o n s  of t h e  Texas and 
Lou i s i ana  Gulf Coas ts .  

FY 75 - $1,206K 
FY 76ITQ - $2,155K 

711 174-9130177 

A. Aus t in ,  G. Higgins ,  J. Howard, "The To ta l  Flow 
Concept f o r  Recovery of  Energy from Geothermal Hot 
Br ine  Deposit ."  Lawrence Livermore Labora tory  re- 
p o r t  UCRL-51366 ( A p r i l  1973) 

A. A. Aus t in ,  "P rospec t s  f o r  Advances i n  Energy 
Convers ion  Technologies  f o r  Geothermal Energy 
Development." Lawrence Livermore Labora tory  
r e p o r t  UCRL-76532 (May 1975) 

T.  W. Alger ,  "The Per formance  of Two Phase Nozzles 
f o r  T o t a l  Flow Geothermal Impulse Turb ines ,"  
Lawrence Livermore Labora to ry  r e p o r t  UCRL-76417 
(May 1975) 

P r o j e c t  T i t l e :  Geothermal T o t a l  Flow Concept 

C o n t r a c t  No: W-7405-ENG-48 

SUMMARY 

The purpose  of t h e  p r o j e c t  i s  t o  deve lop  and e v a l u a t e  methods f o r  
commercial  p roduc t ion  of e l e c t r i c  power from t h e  energy  of geothermal  
d e p o s i t s ,  p a r t i c u l a r l y  h o t  b r i n e s  such  a s  t h o s e  of t h e  S a l t o n  Trough 
i n  C a l i f o r n i a  and t h e  geopres su red  r e g i o n s  of t h e  Texas  and Lou i s i ana  
Gulf Coas t s .  Some of t h e  r e s u l t s  shou ld  b e  a p p l i c a b l e  t o  o t h e r  t y p e s  
of geothermal  r e sources .  

The p r o j e c t  i n c l u d e s  two broad  a r e a s  of  work, r e s o u r c e  u t i l i z a t i o n  and 
technology development.  Resource u t i l i z a t i o n  a c t i v i t i e s ,  b a s i c a l l y  
d i r e c t e d  toward a s p e c i f i c  r e s o u r c e  t y p e ,  can  b e  d i v i d e d  i n t o  f i v e  
c a t e g o r i e s :  g e o l o g i c  s t u d i e s ,  f l u i d  hand l ing  s t u d i e s ,  ene rgy  conver- 
s i o n  s t u d i e s ,  f i e l d  a c t i v i t i e s ,  and economic and env i ronmen ta l  e f f e c t s .  
Technology development,  a p p l i c a b l e  t o  v a r i o u s  t y p e s  of geothermal  re- 
s o u r c e s ,  i n c l u d e s  c r i t e r i a  f o r  optimum u t i l i z a t i o n ,  e x t e n s i o n  of t o t a l  
f l ow concep t ,  development of a l t e r n a t e  energy  conve r s ion  concep t s ,  ex- 
t r a c t i o n  technology and r e l a t e d  t o p i c s ,  and r e s e r v o i r  a n a l y s i s .  

The "To ta l  Flow" concept  d e s c r i b e d  i n  r e p o r t  no. UCRL-51366 is t h e  main 
t h r u s t  of t h e  e f f o r t  i n  h o t  b r i n e s ,  b u t  o t h e r  concep t s ,  such  a s  h e a t  
exchange r s ,  a r e  a l s o  under i n v e s t i g a t i o n .  The i n v e s t i g a t o r s  w i l l  a s s e s s  
t h e  p roduc t ion  c a p a c i t y  f o r  t h e  r e s e r v o i r  and s e l e c t  a s i te  f o r  a F i e l d  
Exper imenta l  F a c i l i t y .  

The p r o j e c t  w i l l  advance g e n e r a l  t echnology development through j o i n t  
p r o j e c t s  w i th  and s u b c o n t r a c t s  t o  p r i v a t e  i n d u s t r y  b o t h  f o r  s p e c i f i c  
s e r v i c e s  such  a s  geophys ica l  i n v e s t i g a t i o n s  and f o r  f a b r i c a t i o n  of 
p r o t o t y p e  t u r b i n e  components and comple te  t u r b i n e s  d i f f e r e n t  from t h e  
Lawrence Livermore Labora to ry  des ign .  Other  s u b c o n t r a c t s  w i l l  i n c l u d e  
d r i l l i n g  of p roduc t ion  wells and r e s e r v o i r  a n a l y s i s .  

B r i n e  c h a r a c t e r i s t i c s  and s c a l i n g  c o n t r o l  a s s o c i a t e d  w i t h  t o t a l  f l ow 
t u r b i n e  development a r e  b e i n g  s t u d i e d  under  c o n t r a c t  number W-7405-ENG-48 
a s  r e p o r t e d  i n  S e c t i o n s  1 .2 .1  and 1 . 2 . 2  r e s p e c t i v e l y .  

A n a l y t i c a l  e v a l u a t i o n  o f - v a r i o u s  conve r s ion  concep t s  have been  completed 
and documented. Nozzle  tests have  been  conducted  on c l e a n  low q u a l i t y  
s team i n  p r e p a r a t i o n  f o r  l a b o r a t o r y  tests of a s i n g l e  s t a g e  impulse  t u r -  
b i n e  s t a r t i n g  i n  t h e  F a l l  of 1976. 
pr ime movers have  been  completed and computa t iona l  t o o l s  f o r  d e s i g n i n g  
optimum t o t a l  f l ow n o z z l e s  a r e  be ing  developed .  

Labora to ry  e v a l u a t i o n s  of s e v e r a l  



I P r o j e c t  T i t l e :  Experimental  I n v e s t i g a t i o n  of  a H e l i c a l  Rotary 
Screw Expander Power System Using Geothermal Br ine  

E (4 9-2 7) - 1000 C o n t r a c t  No: 

C o n t r a c t o r :  NASA 
Pasadena,  C a l i f o r n i a  

Je t  P r o p u l s i o n  Labora to ry  
C a l i f o r n i a  I n s t i t u t e  of  Technology 
Pasadena,  C a l i f o r n i a  

Work Performed by: 

P r i n c i p a l  Richard A. McKay 
I n v e s t i g a t o r :  (213) 354-3107 

FTS 792-3107 

Program Manager: C l i f f  McFarland 
( 2 0 2 )  376-4910 
FTS 376-4910 

P r o j e c t  Ob jec t ive :  P r o v i d e  advanced t echno logy  f o r  development of 
t h e  h e l i c a l  r o t a r y  sc rew expander  d r i v e n  e l e c t r i -  
c a l  power g e n e r a t i o n  system f o r  use w i t h  geo the r -  
m a l  b r i n e s .  

P r o j e c t  T i t l e :  Experimental  I n v e s t i g a t i o n  of  a H e l i c a l  Rotary 
Screw Expander Power System Using Geothermal Br ine  

E (4 9-2 7 ) - l O O O  C o n t r a c t  No: 

SUMMARY 

The o b j e c t i v e  of t h i s  p r o j e c t  is t o  e v a l u a t e ,  by f i e l d  measurements, 
a s ing le - s t age ,  f u l l - s c a l e  e x p e r i m e n t a l  expander  system. 
w i l l  i n c l u d e  thermodynamics of  t h e  expans ion  p r o c e s s ,  performance char-  
a c t e r i s t i c s ,  and d e t e r m i n a t i o n  o f  component r e l i a b i l i t y  and l i f e  expec- 
t ancy  d u r i n g  use w i t h  geo the rma l  b r i n e s .  Suppor t  f o r  t h i s  near- term 
o b j e c t i v e  i s  warranted by t h e  advanced t echno logy  i n h e r e n t  i n  t h i s  in- 
n o v a t i v e  energy c o n v e r s i o n  concep t ,  by t h e  p o t e n t i a l  e n g i n e e r i n g  ad- 
vances  t o  be  d e r i v e d  from new e x p e r i m e n t a l  ev idence  i n  f i e l d  o p e r a t i o n ,  
and by ERDA's  r e s p o n s i b i l i t y  a s  l e a d  agency i n  t h e  n a t i o n a l  geo the rma l  
ene rgy  r e sea rch  program. 

S i t e  s e l e c t i o n  s t u d i e s  have  been i n i t i a t e d  t o  de t e rmine  a s u i t a b l e  
l o c a t i o n  f o r  f i e l d  t e s t i n g  of a 1 MW p r o t o t y p e  w e l l  head gene ra to r -  
expander  system. 

Measurements 

F a b r i c a t i o n  of t h e  test u n i t  h a s  begun. 

Funding: FY 75 - $713K 
FY 76fTq - -- 

C o n t r a c t  Term: 

Repor t s  I s sued :  None 

41291 75-713 1 1 76 
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r  : 

P r i n c i p a l  
I n v e s t i g a t o r :  

Program !-tanager: 

P r o j e c t  Ob jec t ive :  

Funding : 

C o n t r a c t  T e r m :  

Repor ts  I s sued :  

Study of P r a c t i c a l  Cycles  f o r  Geothermal Power P l a n t s  

E (11- 1) -2619 

Genera l  E l e c t r i c  Company 
Schenec tady ,  New York 

J. H. Eskesen 
(518) 346-8771 

C l i f f  McFarland 
(202) 376-4910 
FTS 376-4910 

Def ine  p rocedures  f o r  s e l e c t i o n  of t h e  power c y c l e  
and equipment.  

FY 75 - $ 45K 
FY 76/TQ - $141K 

611 5175-311 5/77 

J. H. Eskesen, "Study of P r a c t i c a l  Cycles f o r  
Geothermal Power P l a n t s , "  I n t e r i m  Report June 15, 
1975 t o  March 31 ,  1976, Genera l  E l e c t r i c  Company 
r e p o r t  SRD-76-040 ( A p r i l  1976) 
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P r o j e c t  T i t l e :  S tudy  of P r a c t i c a l  Cycles  f o r  Geothermal Power P l a n t s  

C o n t r a c t  No: E (11-1) -2619 

SUMMARY 

T h i s  s t u d y  w i l l  d e f i n e  p rocedures  f o r  s e l e c t i o n  of t h e  power c y c l e  and 
equipment f o r  a g iven  geothermal  r e s o u r c e  type  and s p e c i f i c  site. For  
each  of t h r e e  s p e c i f i c  geothermal  f l u i d  c o n d i t i o n s ,  t h e  p rocedures  w i l l  
be  a p p l i e d  t o  select and e v a l u a t e  t h e  most promis ing  c y c l e  and equipment 
f o r  near - te rm ( 3  t o  5 y e a r s )  implementa t ion  f o r  l a r g e - s c a l e  power pro- 
duc t ion .  For c y c l e s  wi th  t h e  most a t t r a c t i v e  long-term promise ,  t h e  
t e c h n i c a l  b a r r i e r  problems w i l l  be  d e f i n e d  and r e s e a r c h  d i r e c t i o n s  t h a t  
w i l l  l e a d  most e f f e c t i v e l y  t o  s o l u t i o n  of t h e s e  problems w i l l  be  i n d i -  
c a t e d .  For s e l e c t e d  c y c l e  wi th  long-term promise ,  a p r a c t i c a l  r e s e a r c h  
program w i l l  be d e f i n e d ,  i n c l u d i n g  s p e c i f i c a t i o n  of  t h e  team s k i l l s  
r e q u i r e d  t o  c a r r y  o u t  t h e  r e s e a r c h  through t h e  f i r s t - p h a s e  e f f o r t s .  

P a r a m e t r i c  c a l c u l a t i o n s  of a v a r i e t y  o f  working f l u i d s  and b i n a r y  c y c l e s  
have  been  completed.  Techn ica l  and economic s t u d i e s  of c a n d i d a t e  prime 
movers f o r  optimum c y c l e s  are i n  p rogres s .  

3 



P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  
I 

Funding : 

C o n t r a c t  Term: 

Repor t s  I s sued :  

1.2.4 Advanced Conversion Systems 

. 

Demonst ra t ion  of a Geothermal Rotary  Separa tor -Turbine  

E (04-3)-1228 

Biphase  Engines ,  I n c .  
La Canada, C a l i f o r n i a  

L.  Hays 
(213) 450-3892 

C l i f f  McFarland 
(202) 376-4910 
FTS 376-4910 

To demonst ra te  (on  geothermal  f l u i d s )  s e p a r a t i o n  of  
two phase f lows  fo l lowing  i s e n t r o p i c  n o z z l e  expans ion .  

FY 75 - $ -- 
FY 76ITQ - $185K 

411176-12/31/76 

None 

1-45  

P r o j e c t  T i t l e :  Demonst ra t ion  of a Geothermal Rotary  Separa tor -Turbine  

Con t rac t  No: E(04-3)-1228 

SUMMARY 

I n  t h i s  p r o j e c t ,  a geothermal  r o t a r y  s e p a r a t o r  w i l l  be f a b r i c a t e d  and 
f i e l d  t e s t e d .  The dev ice ,  i n  p r i n c i p l e ,  can  approximate  i s e n t r o p i c  
f l a s h i n g  a s  opposed t o  conven t iona l  i s e n t h a l p i c  p r o c e s s e s  w i t h  a t t e n d a n t  
l o s s  i n  thermodynamic a v a i l a b i l i t y .  F a b r i c a t i o n  of t h e  u n i t  i s  i n  
p r o g r e s s  wi th  l a b o r a t o r y  t e s t i n g  scheduled  f o r  August 1976 and f i e l d  
t e s t i n g  s h o r t l y  t h e r e a f t e r .  

September 1,  1 9 7 6  
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P r o j e c t  T i t l e :  An A n a l y t i c a l  Study of Concepts Re la t ed  t o  t h e  
U t i l i z a t i o n  of Geothermal Energy 

N I A  (Purchase  Order 76-24) C o n t r a c t  No: 

C o n t r a c t o r :  Weid l inger  A s s o c i a t e s  
New York, New York 

P r i n c i p a l  Ivan  S. Sand le r  
I n v e s t i g a t o r :  (212)  838-2830 

Program Manager: C l i f f  McFarland 
( 2 0 2 )  376-4910 
FTS 376-4910 

P r o j e c t  O b j e c t i v e :  To perform s e l e c t e d  a n a l y t i c a l  and numerical  
e v a l u a t i o n s  of advanced energy  convers ion  concep t s .  

Funding: FY 15  - -- 
FY 76/TQ - $10K 

C o n t r a c t  Term: 4/19/16-4/18/77 

Repor ts  I s sued :  None 
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P r o j e c t  T i t l e :  An A n a l y t i c a l  Study of  Concepts Re la t ed  t o  t h e  
U t i l i z a t i o n  of Geothermal Energy 

N / A  (Purchase  Order  16-24) C o n t r a c t  No: / j  
SUMMARY 

A n a l y s i s  of conve r s ion  concep t s  i n  which bounds on performance can  be  
made from f i r s t  p r i n c i p l e s  are in progres s .  
i n  t h e  a n a l y s i s  and p l ann ing  of conve r s ion  expe r imen ta l  programs, 
p a r t i c u l a r l y  i n v o l v i n g  h e a t  t r a n s f e r ,  are  b e i n g  eva lua ted .  

S i m i l i t u d e  c o n s i d e r a t i o n s  

/ i  
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P r o j e c t  T i t l e :  Resource U t i l i z a t i o n  E f f i c i e n c y  Improvement of 
Geothermal Br ine  Cycles  -- Phase  I 

C o n t r a c t  No: E(40-1)-4944 

C o n t r a c t o r :  U n i v e r s i t y  of  Oklahoma 
Norman, Oklahoma 

P r i n c i p a l  Kenneth E. S t a r l i n g  
I n v e s t i g a t o r :  (405) 325-0311 

Program Manager: C l i f f  McFarland 
(202)  376-4910 
FTS 376-4910 

P r o j e c t  O b j e c t i v e :  To examine advan tages  and d i sadvan tages  of t h e  use  
of m i x t u r e s  a s  working f l u i d s  i n  geothermal  power 
c y c l e s  i n c l u d i n g  development of a computer code 
c a p a b l e  of mix tu re  and pu re  f l u i d  c y c l e  s i m u l a t i o n .  

Funding : FY 75 - $ 40K 
FY 76lTQ - $ 53K 

C o n t r a c t  Te rm:  6115175-6/14/76 

Repor ts  I s sued :  Kenneth E. S t a r l i n g ,  L a r r y  W. F i s h ,  Khan Za fa r  
I q b a l ,  Dennis Yieh. "Resource U t i l i z a t i o n  E f f i c i e n c y  
Improvement of Geothermal Br ine  Cycles  - Phase  I - 
Semiannual P r o g r e s s  Repor t  - June  15. 1975 t o  
December 15, 1975" r e p o r t  number 080-4944-3 
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P r o j e c t  T i t l e :  Resource U t i l i z a t i o n  E f f i c i e n c y  Improvement of 
Geothermal Br ine  Cycles  -- Phase  I 

Con t rac t  No: E (40-1) -4944 

SUMMARY 

The major  t h r u s t  o f  t h i s  r e s e a r c h  i s  t o  i n v e s t i g a t e  t h e  use  of m i x t u r e s ,  
r a t h e r  t han  pure compounds, a s  working f l u i d s  i n  geo the rma l  b i n a r y  
c y c l e s .  The advantage o f f e r e d  by t h e  use  of a mix tu re  c e n t e r s  on t h e  
p o s s i b i l i t y  of i n c r e a s i n g  t h e  c y c l e  area on a thermodynamic T-s  d iagram,  
i.e., i n c r e a s i n g  t h e  n e t  work of  t h e  c y c l e .  There o f t e n  i s  a t r a d e - o f f ,  
however, between thermodynamic c y c l e  e f f i c i e n c y  and o t h e r  f a c t o r s  
i n c l u d i n g  r e source  energy  e x t r a c t i o n  e f f i c i e n c y ,  r e s o u r c e  u t i l i z a t i o n  
e f f i c i e n c y ,  p l a n t  c a p i t a l  c o s t s ,  and p l a n t  o p e r a t i n g  c o s t s .  

Major o b j e c t i v e s  of t h i s  Phase  I e f f o r t  are development o f  d e s i g n  
c r i t e r i a  f o r  maximizing geothermal  u t i l i z a t i o n  e f f i c i e n c y  and e v a l u a t i o n  
of t h e  advantages  and d i sadvan tages  of a l t e r n a t i v e  c y c l e s  i n c l u d i n g  t h e  
use  of mix tu res  a s  working f l u i d s .  The e v a l u a t i o n  of a l t e r n a t i v e  c y c l e s  
w i l l  h e  made by comparing d e s i g n  r e s u l t s  a t  d i f f e r e n t  o p e r a t i n g  condi- 
t i o n s  f o r  mixtures  and s e l e c t e d  cand ida te ,  b a s e l i n e  pure  f l u i d s .  Pu re  
f l u i d s  t o  b e  cons idered  i n c l u d e  hydrocarbons  and r e f r i g e r a n t s  which 
have been p rev ious ly  s t u d i e d  and proposed f o r  geothermal  b i n a r y  c y c l e  
power p l a n t s .  
and consequent ly  a d i g i t a l  computer c y c l e  s i m u l a t o r  w i l l  h e  r e q u i r e d .  
Because e x i s t i n g  pu re  f l u i d  c y c l e  s i m u l a t i o n s  cannot  be a p p l i e d  e a s i l y  
f o r  mix tu res ,  a d i g i t a l  computer s i m u l a t i o n  which can  be  used b o t h  f o r  
mix tu res  and pure f l u i d s  w i l l  be  developed. Accura te  thermodynamic and 
p h y s i c a l  p r o p e r t i e s  f o r  c a n d i d a t e  working f l u i d s  a r e  r e q u i r e d  f o r  a l t e r -  
n a t e  c y c l e  eva lua t ion .  The re fo re  t h e  thermodynamic and p h y s i c a l  proper- 
t i es  package  f o r  p r e d i c t i n g  p r o p e r t i e s  f o r  b o t h  m i x t u r e s  and pu re  f l u i d s  
which i s  under development f o r  use i n  ocean  thermal  energy  conve r s ion  
c y c l e  s i m u l a t i o n  w i l l  h e  i n c o r p o r a t e d  i n  t h e  b i n a r y  c y c l e  s i m u l a t i o n .  
R e s u l t s  of t h e  s tudy  w i l l  be p re sen ted  i n  m a t r i x  form f o r  a range  of 
f l u i d s  ( i n c l u d i n g  d i f f e r e n t  composi t ion  m i x t u r e s  a s  w e l l  a s  pu re  f l u i d s )  
and r anges  of  c o n s t r a i n t s  ( i n c l u d i n g  geothermal  r e s o u r c e  and c o o l i n g  
wa te r  tempera tures)  s u f f i c i e n t  t o  e v a l u a t e  t h e  a l t e r n a t e  c y c l e s .  

Mixture  equa t ion  of s t a t e  f o r  s e v e r a l  c a n d i d a t e  f l u i d s  have been 
developed  and employed i n  b i n a r y  c y c l e  c a l c u l a t i o n s .  

This work w i l l  n e c e s s i t a t e  a l a r g e  number of computa t ions ,  
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1.2.4 Advanced Conversion Systems 

P r o j e c t  T i t l e :  A n a l y s i s  of ThermallMechanical Energy Conversion 
Concepts 

C o n t r a c t  No: E(11-1)-4051 

C o n t r a c t o r :  Brown U n i v e r s i t y  
P rov idence ,  Rhode I s l a n d  

P r i n c i p a l  Joseph Kes t in  
I n v e s t i g a t o r :  (401) 863-2685 

Program Manager: C l i f f  McFarland 
(202) 376-4910 
FTS 376-4910 

P r o j e c t  Ob jec t ive :  To e v a l u a t e  and ana lyze  geothermal  energy  conve r s ion  
concep t s  and c o o p e r a t e  i n  c o o r d i n a t i n g  and d i s semina t -  
i ng  r e s e a r c h  r e s u l t s  t o  t h e  u s e r  community. 

Funding: FY 75 - -- 
FY 76fTQ - S164K 
811 176-7 I31 I 7  7 C o n t r a c t  Te rm:  

Repor t s  I s sued :  None 
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P r o j e c t  T i t l e :  

Con t rac t  No: 

September 1, 1976- 

A n a l y s i s  of ThermalIMechanical Energy Conversion 
Concepts 

E( 11-1)-4051 

The u l t i m a t e  o b j e c t i v e  of  t h i s  p r o j e c t  is t o  assist i n d u s t r y  i n  
a c c e l e r a t i n g  t h e  marke t  p e n e t r a t i o n  of t h e  geothermal  energy  o p t i o n .  
A Geothermal Energy Convers ion  Handbook w i l l  b e  produced as p a r t  of 
t h e  e f f o r t .  

The p l a n  i s  t o  conduct  a c l o s e l y  c o o r d i n a t e d  s t u d y  of a broad spec t rum 
of conve r s ion  concep t s  i n c l u d i n g  a p r e l i m i n a r y  thermodynamic a n a l y s i s  f o r  
each  sys tem.  The s t u d y  w i l l :  

1. I d e n t i f y  t h e  most impor t an t  d i f f i c u l t i e s  and gaps i n  knowledge 
p e r t a i n i n g  t o  each  sys tem.  

2. I d e n t i f y ,  by t h e  f u r t h e r  i n f u s i o n  of sound eng inee r ing  judgment ,  
t h e  obvious  n o n - s t a r t e r s .  

3. Arrange promis ing  sys tems a c c o r d i n g  t o  p o s s i b l e  economic merit. 

4 .  Arrange promis ing  sys tems i n  a m a t r i x  t h a t  r e l a t e s  them t o  d i f f e r e n t  
geothermal  r e s o u r c e  types .  

The p r e l i m i n a r y  a n a l y s i s  w i l l  be  fo l lowed by a pe r iod  of d a t a  c o l l e c t i n g  
and of f i l l i n g  gaps i n  kr,owledge. Subsequen t ly ,  an  i t e r a t i v e  a n a l y s i s  
w i l l  be under taken  i n  o r d e r  t o  op t imize  thermodynamic per formance  i n  a 
manner c o n s i s t e n t  w i th  economics.  P a r t i c u l a r  a t t e n t i o n  w i l l  be  pa id  t o  
d i s t i n g u i s h  between sys tem components which p r e s e n t l y  e x i s t ,  t h o s e  which 
cou ld  be  des igned  i n  t h e  near - te rm,  components which r e q u i r e  a pe r iod  o f  
r e s e a r c h  and development,  and t h o s e  which show promise b u t  r e q u i r e  f u r t h e r  
r e s e a r c h  p r i o r  t o  unde r t ak ing  development.  
b e  ma in ta ined  throughout  t h e  program. 

C lose  l i a i s o n  wi th  DGE w i l l  
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P r o j e c t  T i t l e :  F e a s i b i l i t y  Demonst ra t ion  of Geothermal Down-Well 
Pumping System 

C o n t r a c t  No: E ( 11- 1) -2 838 

C o n t r a c t o r :  Spe r ry  Research  Center  
Sudbury, Massachuse t t s  

P r i n c i p a l  Warren D. McBee 
I n v e s t i g a t o r :  (617) 369-4000 

Program Manager: John V. Walker 
(202) 376-4912 
FTS 376-4912 

P r o j e c t  Ob jec t ive :  To demons t r a t e  t h e  t e c h n i c a l  f e a s i b i l i t y  o f  t h e  
Spe r ry  Matthews Pumping System by a f i e l d  test. 

Funding : FY 75 - -- 
FY 76/TQ - $1,197K 

C o n t r a c t  T e r m :  10/1/75-9/30/76 

Repor t s  I s sued :  None 
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P r o j e c t  T i t l e :  F e a s i b i l i t y  Demonst ra t ion  of Geothermal Down-Well 
Pumping System 

C o n t r a c t  No: E ( 11- 1) -2838 

SUMMARY 

A 60 day down-hole test of t h e  pump developed  under a n  NSF g r a n t  w i l l  be 
performed. The pump is  p r o j e c t e d  t o  produce 900 gpm wi th  a n  added 
p r e s s u r e  of 200 p s i  a t  t h e  s u r f a c e .  

The pump h a s  been i n s t a l l e d  i n  a w e l l  a t  Heber,  C a l i f o r n i a .  P r e l i m i n a r y  
r u n s  are i n  progress .  The b o i l e r ,  condenser ,  and pump are  f u n c t i o n i n g  
t o  d e s i g n  s p e c i f i c a t i o n s .  
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1.2.5 Extraction Technology Improvement 

P r o j e c t  T i t l e :  Two-Phase Flow i n  Geothermal Energy Systems 

Con t rac t  No: E ( 11- 1) - 2729 

C o n t r a c t o r  : U n i v e r s i t y  of Denver Research  I n s t i t u t e  
Denver, Colorado 

P r i n c i p a l  Laurence Ross 
I n v e s t i g a t o r :  (303) 753-2271 

Program Manager: C l i f f  McFarland 
(202) 376-4910 
FTS 376-4910 

P r o j e c t  Ob jec t ive :  P rov ide  g u i d e l i n e s  and a manual f o r  t h e  des ign  of  
geothermal  p roduc t ion  w e l l s  which o p e r a t e  the  two- 
phase  f low regime. 

Funding: FY 75 - $378K 
FY 76fTQ - $ 31K 

Con t rac t  Term: 611175-11130177 

Repor ts  I s sued :  Lawrence W. Ross, "Two-Phase Flow i n  Geothermal 
Energy Resources  - Annual Repor t  - June  1, 1975 t o  
May 31, 1976." 

A. E. Dukler ,  Aluf O r e l l  "Two Phase  Flow i n  
Geothermal Energy Sources  - P r o g r e s s  Report No. 1 - 
October  1, 1975 t o  May 30, 1976," prepared  f o r  
Denver Research I n s t i t u t e  by U n i v e r s i t y  of Houston 
( June  1976) 

"P roduc t ion  of  Goethermal F l u i d s  by t h e  Natura l  
F l a sh ing  P r o c e s s  - Design  and Ana lys i s  of Geothermal 
Wells i n  Two-Phase Flow - F i r s t  Annual Report," 
Coury and A s s o c i a t e s ,  Inc .  ( June  18, 1976) 
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P r o j e c t  T i t l e :  Two-Phase Flow i n  Geothermal Energy Systems 

C o n t r a c t  No: E ( 11- 1) -2729 

SUMMARY 

T h i s  p r o j e c t  w i l l  p rov ide  a manual f o r  t h e  d e s i g n  of geo the rma l  
p roduc t ion  w e l l s  which o p e r a t e  i n  t h e  two-phase f low regime. The 
manual w i l l  pe rmi t  optimum d e s i g n  of t h e  hydro thermal  sys tem,  inc lud -  
i n g  s e l e c t i o n  of t h e  producing  s t r a t u m ,  s p e c i f i c a t i o n  of t h e  w e l l  
d i ame te r  p r o f i l e ,  and s e l e c t i o n  of wel lhead  p r e s s u r e  and tempera ture .  
The c a l c u l a t i o n  p rocedures  deve loped  w i l l  a l s o  pe rmi t  a f i r m  a n a l y s i s  
of t h e  need f o r  downhole pumping of t h e  w e l l  and w i l l  p rov ide  a b a s i s  
f o r  d e c i d i n g  whether t h e  c o s t s  of a pumped system can  b e  j u s t i f i e d  i n  
any p a r t i c u l a r  ca se .  

A p r o j e c t  team h i g h l y  expe r i enced  i n  i n d u s t r i a l  and l a b o r a t o r y  
a p p l i c a t i o n s  of two-phase f low and i n  a n a l y s i s  of geothermal  p roduc t ion  
sys tems h a s  been o rgan ized  f o r  t h e  s tudy .  
of Denver Research  I n s t i t u t e ,  t h e  U n i v e r s i t y  of Houston, and t h e  
f i r m  of Coury and A s s o c i a t e s ,  Inc . ,  r e p r e s e n t e d  by c o - i n v e s t i g a t o r s  
Drs. L. W. Ross, A. E. Duckler ,  and G. E. Coury, r e s p e c t i v e l y .  

The m a j o r i t y  of t h e  s c i e n t i f i c  e f f o r t  d u r i n g  t h e  f i r s t  s i x  months w a s  
devoted  t o  p r e l i m i n a r y  o p e r a t i o n s ,  i n c l u d i n g :  (1) o b t a i n i n g  c o o p e r a t i o n  
of f e d e r a l  o r g a n i z a t i o n s  who assist i n  f i e l d  o p e r a t i o n s ;  ( 2 )  o b t a i n i n g  
r e p o r t e d  d a t a  on two-phase f low;  (3 )  d e f i n i n g  t h e  measurement pa rame te r s  
r e q u i r e d  t o  a c h i e v e  t h e  g o a l s  of t h e  program; and ( 4 )  . e s t a b l i s h i n g  
working r e l a t i o n s h i p s  wi th  t h e  two p r o j e c t  s u b c o n t r a c t o r s ,  Coury and 
A s s o c i a t e s  and U n i v e r s i t y  of Houston. 

Inc luded  a r e  t h e  U n i v e r s i t y  
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P r o j e c t  T i t l e :  S t i m u l a t i o n  Review 

C o n t r a c t  No: W-7405-ENG-36 

C o n t r a c t o r :  Los Alamos S c i e n t i f i c  Labora tory  
Albuquerque, N e w  Mexico 

P r i n c i p a l  Thomas McGetchin 
I n v e s t i g a t o r :  (505) 667-7209 

FTS 843-7209 

Program Manager: David B. Lombard 
(202) 376-4902 
FTS 376-4902 

P r o j e c t  Ob jec t ive :  To deve lop  a h i s t o r y  of geothermal  w e l l  f a i l u r e s .  

Funding : FY 75 - -- 
FY 76fTQ - $ 30K 

C o n t r a c t  T e r m :  7f 1 f75-9f3Of76 

Repor ts  I s sued :  None 

1.2.6 Reservoir Stimulation 
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P r o j e c t  T i t l e :  S t i m u l a t i o n  Review 

Con t rac t  No: W-7405-ENG-36 

SUMMARY 

In e x p l o r i n g  f o r  ( o r  d r i l l i n g  f o r  p roduc t ion )  geothermal  w e l l s ,  
d e v e l o p e r s  produce numerous "dry ho le s"  t h a t  do n o t  produce g e o f l u i d s  
a t  economically a t t r a c t i v e  rates. The p r e s e n t  s t u d y  w i l l  a ssemble  
and ana lyze  a v a i l a b l e  d a t a  on such  w e l l s  i n  t h e  U.S. and abroad  i n  
an  a t t e m p t  t o  c h a r a c t e r i z e  t h e  need f o r  a s t i m u l a t i o n  technology fo r  
geothermal  wells.  

Revised September 1, 1976 
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2.0 RESOURCE EXPLORATION AND ASSESSMENT 

The o b j e c t i v e s  of  t h e  Resource Exp lo ra t ion  and Assessment subprogram a r e  
t o  improve e x i s t i n g  e x p l o r a t i o n  and assessment  technology,  t o  a c c e l e r a t e  
t h e  i d e n t i f i c a t i o n  of geothermal  r e s o u r c e s ,  t o  v e r i f y  t h e i r  u t i l i z a t i o n  
p o t e n t i a l ,  and t o  app ly  t h e  technology t o  t h e  e v a l u a t i o n  of c a n d i d a t e  
geothermal  sites. Where a commercial  i n t e r e s t  i s  p r e s e n t ,  r e s o u r c e  
e x p l o r a t i o n  and assessment  a c t i v i t i e s  w i l l  be  performed by. or  i n  coop- 
e r a t i o n  wi th ,  i n d u s t r y .  

Exp lo ra t ion  technology w i l l  encompass development of geophys ica l  s e n s i n g  
d e v i c e s  and t e c h n i q u e s  f o r  bo reho le  i n v e s t i g a t i o n  and w e l l  log i n t e r p r e -  
t a t i o n ,  as w e l l  as t echn iques  f o r  s u r f a c e  and a e r i a l  exp lo ra t ion .  I n  
deve lop ing  r e s o u r c e  a s ses smen t  technology,  g e o l o g i c a l  and computer 
models of  r e s e r v o i r  and c a n d i d a t e  f a c i l i t i e s  w i l l  b e  cons t ruc t ed .  Lab- 
o r a t o r y  expe r imen t s  w i l l  be  performed t o  improve unders tanding  of f l u i d  
f low,  h e a t  t r a n s f e r ,  and chemica l  r e a c t i o n s  i n  s u b s u r f a c e  porous media. 
Techniques w i l l  be  deve loped  f o r  performance e s t i m a t i o n  and r i s k  assess- 
ment. Rese rvo i r  c o n f i r m a t i o n  w i l l  be performed t o  de te rmine  t h e  
accu racy  of c u r r e n t  Uni ted  States Geo log ica l  Survey (USGS) estimates and 
t o  e s t a b l i s h ,  a s  r e q u i r e d ,  more r e l i a b l e  estimates of r e se rves .  T h i s  
w i l l  b e  accompl ished  by s l im-hole  d r i l l i n g ,  r e f inemen t  of g e o l o g i c a l  
models,  and development of d a t a  and economic a n a l y s i s  techniques.  Any 
a c t i v i t y  i n v o l v i n g  d r i l l i n g  i s  cons ide red  t o  be  ca t egor i zed  a s  r e s e r v o i r  
conf i rma t ion .  

2-1 Revised September 1, 1976 



2-2 Revised September 1, 1976 

2.0 RESOURCE EXPLORATION AND ASSESSMENT 

Ac t ive  C o n t r a c t s  

2.1 

2.1.1 

2.1.2 

2.1.3 

Exp lo ra t ion  Technology 

Borehole  I n s t r u m e n t a t i o n  and Techniques 

Ac t ive  E l e c t r o n i c s  C i r c u i t s  f o r  High Tempera ture  
Instrumentation.......................................... 2-4 
Los Alamos S c i e n t i f i c  Labora to ry  

Geothermal Well Logging Development and Demonstration.... 
Sand ia  L a b o r a t o r i e s  

Acce le ra t ed  T e s t i n g  of Borehole  Geophys ica l  Logging 
I n s t r u m e n t s  and Development of Log I n t e r p r e t a t i o n  i n  
R e p r e s e n t a t i v e  Geothermal Environments................... 2-6 
U.S. Department of t h e  I n t e r i o r  
Geo log ica l  Survey 

Exper imenta l  Eva lua t ion  of Well Logging Cables........... 
Systems, Sc ience  and Sof tware  

Well Log I n t e r p r e t a t i o n  

The Electr ical  P r o p e r t i e s  of Geo log ica l  Materials as 
Func t ions  of Tempera ture ,  P r e s s u r e ,  and Water Content  i n  
Geothermal Environments.................................. 2-8 
U.S. Department of t h e  I n t e r i o r  
Geo log ica l  Survey 

Research  on t h e  P h y s i c a l  P r o p e r t i e s  of Geothermal 

Colorado School of Mines 

E x p l o r a t i o n  Technology - I n s t r u m e n t a t i o n  and Techniques 

Downhole F i s s i o n  Track  -- 4 0 K / 4 0 A r  Age De te rmina t ions  
and t h e  Measurement of P e r t u r b a t i o n s  i n  t h e  Geothermal 
Gradient................................................. 2-10 
U n i v e r s i t y  of Alaska  Geophys ica l  I n s t i t u t e  

Lineament Ana lys i s  a s  an  Exp lo ra t ion  Technique  f o r  
Geothermal Energy........................................ 2-11 
Nevada Bureau of Mines and Geology 
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2-7 
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2.2 Resource Assessment Technology 

Radiogenic  Heat Source  Rese rvo i r  Assessment.............. 2-12 
Los Alamos S c i e n t i f i c  Labora to ry  

Rese rvo i r  A n a l y s i s  and Modeling.......................... 2-13 
Lawrence Livermore Labora to ry  

Rese rvo i r  Eng inee r ing  Support............................ 2-14 
Idaho  N a t i o n a l  Eng inee r ing  Labora to ry  

Hydrothermal Moderate Tempera ture  Conduct ive  System 
(Low Salinity)........................................... 2-15 
Lawrence Berke ley  Labora to ry  

Cerro  P r i e t o  Data Compilation............................ 2-16 
Lawrence Berke ley  Labora to ry  

A Comprehensive Labora to ry  S tudy  of Samples from 
N a t u r a l  Hydrothermal Systems............................. 2-17 
U.S. Department of t h e  I n t e r i o r  
Geo log ica l  Survey 

Cos0 and Other  S i t e  Assessment Studies................... 2-18 
U.S. Department of t h e  I n t e r i o r  
G e o l o g i c a l  Survey 

Ana lys i s  of Geothermal Energy i n  E a s t e r n  Uni ted  States... 2-19 
Naval Sea Systems Command 
Appl ied  P h y s i c s  Labora to ry  
J o h n s  Hopkins U n i v e r s i t y  

U t i l i z a t i o n  of Se ismic  Exp lo ra t ion  Technology f o r  
High Reso lu t ion  Mapping of a Geothermal Reservoir. . . . . . . .  
Systems, Sc ience  and Sof tware  

E v a l u a t i o n  of Geothermal Energy E x p l o r a t i o n  and 
Resource  Assessment...................................... 2-21 
R&D A s s o c i a t e s  

Terrestr ia l  Heat Flow S t u d i e s  in Arizona................. 2-22 
New Mexico Bureau of Mines and Minera l  Resources  
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2.2 Resource Assessment Technology ( con t inued)  

Development of C r i t e r i a  Usefu l  i n  t h e  De tec t ion  of Low 2-23 
P e r m e a b i l i t y  Geothermal Systems.......................... 
U n i v e r s i t y  of Ar izona  

F e a s i b i l i t y  S tudy  of t h e  Conway G r a n i t e  a s  a Geothermal 
Energy Resource.......................................... 2-24 
U n i v e r s i t y  of Maine a t  Orono 

Deep Heat-Flow and F r a c t u r i n g  Tests i n  Conway G r a n i t e ,  
New Hampshire............................................ 2-25 
U n i v e r s i t y  of  New Hampshire 

I n v e s t i g a t i o n  of Two Areas i n  New York S t a t e  Which May 
Have P o t e n t i a l  f o r  Geothermal Energy..................... 2-26 
U n i v e r s i t y  of t h e  State  of New York 

A Secondary Recovery Method f o r  t h e  E x t r a c t i o n  of  
Geothermal Energy........................................ 2-27 
Oregon S t a t e  U n i v e r s i t y  

U.S. Gulf Coas t  Geopressured Geothermal A q u i f i e r  
Simulation............................................... 2-28 
U n i v e r s i t y  of Texas a t  Aus t in  

Reconnaissance  Geothermal Resource Assessment of t h e  
Rio Grande Va l l ey ,  Trans-Pecos,  Texas.................... 2-29 
Bureau of  Economic Geology 
U n i v e r s i t y  of Texas a t  Aus t in  

E v a l u a t i o n  and Ta rge t ing  of Geothermal Energy Resources  
i n  t h e  S o u t h e a s t e r n  United States........................ 2-30 
V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e  and S t a t e  U n i v e r s i t y  

A Reconnaissance  Study of Mine-Water Tempera tures  i n  
Hardrock Mining D i s t r i c t s  of Montana..................... 2-31 
Montana Co l l ege  of Minera l  Sc ience  and Technology 

2.3 Rese rvo i r  Conf i rmat ion  

Cos0 Geothermal Project.................................. 2-32 
Bat te l le  P a c i f i c  Northwest Labora tory  
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2.3 Reservoi r  Conf i rmat ion  ( con t inued)  

S t a t i c  and Dynamic Well T e s t  of t h e  Delcambre Wel l ,  
Louisiana................................................ 2-33 
Osborn-Hodges-Roberts-Wieland Enginee r ing  

Analyses of F l u i d  Samples from Geopressured  Format ions  of 
t h e  Delcambre Well, Louisiana............................ 2-34 
McNeese State  U n i v e r s i t y  
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2.1.1 Borehole Instrumentation and Techniques 

P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  O b j e c t i v e  : 

Funding: 

C o n t r a c t  Term: 

Repor t s  I s s u e d :  

Ac t ive  E l e c t r o n i c s  C i r c u i t s  f o r  High Temperature 
I n s t r u m e n t a t i o n  

W-7405-ENG-36 

Los Alamos S c i e n t i f i c  Labora to ry  
Albuquerque, New Mexico 

Byron McCormick 
(505)  667-7145 
FTS 843-7145 

L a r r y  B a l l  
(202)  376-4914 
FTS 376-4914 

To deve lop  new i n t e g r a t e d  the rmion ic  c i r c u i t  (ITC) 
d e v i c e s  c a p a b l e  of w i t h s t a n d i n g  ambient  t empera tu res  
i n  e x c e s s  of  4OO0C (750'F). 

FY 75 - -- 
FY 76/TQ - $212K 

7/1/75-9/30/77 

None 
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P r o j e c t  T i t l e :  Ac t ive  E l e c t r o n i c s  C i r c u i t s  f o r  High Temperature  
I n s t r u m e n t a t i o n  

C o n t r a c t  No: W-7405-ENG-36 

SUMNARY 

T h i s  p r o j e c t  w i l l  deve lop  a new d e v i c e  c a l l e d  a n  i n t e g r a t e d  the rmion ic  
c i r c u i t  (ITC) d e v i c e  which c o n s i s t s  o f  a the rmion ic  p h o t o r e s i s t  ca thode  
and t i t a n i u m  g r i d  t h i n  f i l m s  on a s a p p h i r e  s u b s t r a t e  bonded t o  a h e a t e r .  
Emit ted e l e c t r o n s  f o l l o w  a g r i d - p o t e n t i a l  c o n t r o l l e d  t r a j e c t o r y  through 
a vacuum t o  t h e  anode. The anode is a t i t a n i u m  t h i n  f i l m  d e p o s i t e d  
on a s a p p h i r e  s u b s t r a t e .  The r e s u l t i n g  t r i o d e  a m p l i f i e r  s i z e  i s  abou t  
50 x 50 x 100 m i l s  and has  c h a r a c t e r i s t i c s  s imi la r  t o  a vacuum tube  
t r i o d e .  

Work commenced i n  Janua ry  1976. I n i t i a l  e f f o r t s  i nc luded  p r o j e c t  
o r g a n i z a t i o n ,  l a b o r a t o r y  s e t  up, and i n i t i a l  tests of  c a p a c i t o r  and 
r e s i s t o r  components o f  t h e  d e v i c e ,  f a b r i c a t e d  u s i n g  v a r i o u s  f a b r i c a t i o n  
methods. A ca thode  c o n f i g u r a t i o n  w a s  d e v i s e d  which p r o v i d e s  n e a r l y  uni- 
form emiss ion  ove r  t h e  ca thode  area. A ca thode  a c t i v a t i o n  s t a t i o n  has  
been des igned  and c o n s t r u c t e d .  A t e c h n i c i a n  t r a i n i n g  program h a s  been 
i n s t i t u t e d  and is working w e l l .  

A s u b c o n t r a c t  w a s  n e g o t i a t e d  w i t h  t h e  U n i v e r s i t y  o f  Arizona i n  Tucson. 
T h i s  program w i l l  e v a l u a t e  and deve lop  m e t a l i z a t i o n  and p h o t o l i t h o g r a p h i c  
t echn iques  and ca thode  a c t i v a t i o n  p rocedures .  T h i s  work w i l l  proceed i n  
advance of  t h e  new c l e a n  room f a c i l i t y  b e i n g  i n s t a l l e d  a t  LASL. 

I n  June,  t h e  f i r s t  ITC breadboard was o p e r a t e d  i n  a vacuum chamber a t  
room tempera tu re  w i t h  a ca thode  t empera tu re  of 72OoC. The t r i o d e  per- 
formed e x a c t l y  a s  p r e d i c t e d ,  t h u s  demons t r a t ing  t h e  f e a s i b i l i t y  of  t h e  
concep t s  and a n a l y t i c a l  p r e d i c t i o n s .  
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding : 

C o n t r a c t  Term: 

Repor t s  I s s u e d :  

Geothermal Well Logging Development and Demonst ra t ion  

E(29-1)-0789 

Sandia  L a b o r a t o r i e s  
Albuquerque, N e w  Mexico 

Melvin M. Newsom 
(505) 264-8920 
FTS 875-8920 

Lar ry  B a l l  
(202) 376-4914 
FTS 376-4914 

To develop  and demons t r a t e  an  improved geothermal  
logg ing  c a p a b i l i t y  us ing  h igh  t empera tu re  ins t rumenta-  
t i o n ,  sondes  and c a b l e s .  

FY 75 - -- 
FY 76fTQ - $375K 

411176-9130177 

None 

P r o j e c t  T i t l e :  Geothermal Well Logging Development and Demonst ra t ion  

C o n t r a c t  No: E(29-1)-0789 

Sand ia  w i l l  work with i n d u s t r y  t o  deve lop  s t a t e - o f - t h e - a r t  geothermal  
logg ing  equipment.  The equipment w i l l  f e a t u r e  h igh  t empera tu re  e l e c t r o n i c s  
deve loped  a t  Sandia and improved sondes  and logg ing  equipment t o  be  deve l -  
oped by i n d u s t r y  under Sandia  management. An i n t e r i m  skid-mounted logg ing  
u n i t  w i l l  be  assembled a t  Sandia  us ing  commercially a v a i l a b l e  c a b l e ,  draw 
works and in s t rumen ta t ion .  The i n t e r i m  u n i t  should  be  a v a i l a b l e  f o r  test- 
ing  new and modified sondes  du r ing  t h e  f i r s t  q u a r t e r  of  FY 77. 
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2.1.1 Borehole Instrumentation and Techniques 

P r o j e c t  T i t l e :  

Con t rac t  No: 

C o n t r a c t o r  : 

P r i n c i p a l  
I n v e s t i g a t o r  : 

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding : 

Cont rac t  Term: 

Repor t s  I s s u e d :  

Acce le ra t ed  Tes t ing  of Borehole  Geophysical Logging 
Ins t rumen t s  and Development of  Log I n t e r p r e t a t i o n  i n  
R e p r e s e n t a t i v e  Geothermal Environments 

E (49-27)-1012 

U.S. Department of t h e  I n t e r i o r  
Geo log ica l  Survey 
Res ton ,  V i r g i n i a  

W. S c o t t  Keys (Geo log ica l  Survey, Denver, Colorado) 
(303) 234-2617 
FTS 234-2617 

Lar ry  Ball  
(202) 376-4914 
FTS 376-4914 

Perform l a b o r a t o r y  and bo reho le  t e s t i n g  of geothermal  
logg ing  t o o l s  which have been developed  by t h e  USGS; 
o b t a i n  a n a l y s i s  of  r e p r e s e n t a t i v e  c o r e  m a t e r i a l s  i n  
h o l e s  logged;  and i n s t a l l  a d i g i t a l  record ing  system 
i n  t h e  new logg ing  v e h i c l e .  

FY 75 - -- 
FY 76/TQ - $79K 
6114176-11/30/76 

None 

2-6 September 1, 1976 

P r o j e c t  T i t l e :  Acce le ra t ed  T e s t i n g  of Borehole  Geophys ica l  Logging 
Ins t rumen t s  and Development of Log I n t e r p r e t a t i o n  i n  
R e p r e s e n t a t i v e  Geothermal Environments 

Con t rac t  No: E(49-27)-1012 

SUMMARY 

The d i g i t a l  r e c o r d i n g  system h a s  been  o rde red .  S e v e r a l  l ogg ing  t o o l s  
were reworked and improved. N e w  l o g s  were a c q u i r e d  i n  Long V a l l e y ,  
C a l i f o r n i a ,  M a r y s v i l l e ,  Montana, Ra f t  R ive r ,  Idaho ,  Los Alamos ( V a l l e s  
C a l d e r a ) ,  New Mexico. Some c o r e  samples  have  been  acqu i red  and a number 
of commercial l o g s  f o r  t h e  a r e a s  v i s i t e d  a r e  b e i n g  ana lyzed .  E l e c t r i c a l  
measurements,  s u p p o r t i n g  t h i s  p r o j e c t ,  w i l l  be made by USGS under 
Con t rac t  No. E(49-27)-1013 a s  r e p o r t e d  i n  s e c t i o n  2.1.2. 



P r o j e c t  T i t l e :  Exper imenta l  Eva lua t ion  of Well Logging Cables  

C o n t r a c t  No: E(04-3)-1208 

C o n t r a c t o r :  Systems, Sc ience  and Sof tware  
La J o l l a ,  C a l i f o r n i a  

P r i n c i p a l  Edward Day 
I n v e s t i g a t o r :  (714) 453-0060 

Program Manager: La r ry  B a l l  
(202) 376-4914 
FTS 376-4914 

P r o j e c t  Ob jec t ive :  To e v a l u a t e  t h e  c h a r a c t e r i s t i c s  of commerc ia l ly  
a v a i l a b l e  c a b l e s  i n  a l a b o r a t o r y  s i m u l a t o r .  

Funding: FY 75 - -- 
FY 76lTQ - $98K 

C o n t r a c t  T e r m :  2123176-1/23/77 

Repor t s  I s sued :  None 
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P r o j e c t  T i t l e :  Experimental  Eva lua t ion  of  Well Logging Cables  

Con t rac t  No: E(04-3)-1208 

SUMMARY 

The f i r s t  phase of t h e  two phase program w i l l  examine t h e  mechanica l  and 
e l e c t r i c a l  c h a r a c t e r i s t i c s  of a v a i l a b l e  logg ing  c a b l e s  a t  t empera tu res  up 
t o  350OC a t  atmospheric p re s su re .  Designs f o r  a f u l l  environment chamber 
f o r  bo th  c a b l e s  and sondes  w i l l  be examined. 

The second phase g o a l  w i l l  be t h e  c o n s t r u c t i o n  and o p e r a t i o n  of a f u l l  
environment chamber capab le  of mechanica l  and e l e c t r i c a l  tests i n  h o t ,  
p r e s s u r i z e d  and c o r r o s i v e  f l u i d s .  

September 1,1976 



2.1.2 Well Log Interpretation 2-a September 1, 1976 

P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r  : 

Program Manager: 

P r o j e c t  O b j e c t i v e :  

Funding: 

C o n t r a c t  Term: 

R e p o r t s  I s sued :  

The E l e c t r i c a l  P r o p e r t i e s  o f  G e o l o g i c a l  Materials a s  
F u n c t i o n s  of  Temperature ,  P r e s s u r e ,  and Water Content  
i n  Geothermal Environments 

E(49-27)-1013 

U.S. Department o f  t h e  I n t e r i o r  
Geo log ica l  Survey 
Reston,  V i r g i n i a  

Gary R. O lhoe f t  (Geo log ica l  Survey,  Denver, Colorado)  
(303) 234-5390 
FTS 234-5390 

Lar ry  B a l l  
(202)  376-4912 
FTS 376-4912 

To measure t h e  e l e c t r i c a l  p r o p e r t i e s  of  g e o l o g i c a l  
materials a s  f u n c t i o n s  o f  t empera tu re ,  p r e s s u r e ,  and 
water c o n t e n t  i n  geo the rma l  environments .  

FY 75 - -- 
FY 76/TQ - $138K 

711176-12/31/77 

None 

P r o j e c t  T i t l e :  The E l e c t r i c a l  P r o p e r t i e s  of  Geo log ica l  Materials as 
Func t ions  of  Temperature ,  P r e s s u r e ,  and Water Con ten t  
i n  Geothermal Environments 

E(49-27)-1013 C o n t r a c t  No: 

SUPIMARY 

I n  measuring e l e c t r i c a l  p r o p e r t i e s  of  g e o l o g i c a l  materials i n  geo the rma l  
environments ,  p a r t i c u l a r  emphasis  w i l l  be p l aced  upon i d e n t i f y i n g  and 
unde r s t and ing  t h e  mechanisms behind t h e  observed p r o p e r t i e s ,  and upon 
t h e  development of  models which d e s c r i b e  t h e  observed p r o p e r t i e s .  The 
r e s u l t a n t  models w i l l  a i d  t h e  i n t e r p r e t a t i o n  of g e o p h y s i c a l  f i e l d  d a t a  
and i n  t h e  d e t e r m i n a t i o n  of optimum f i e l d  expe r imen t s  and t echn iques  f o r  
geo the rma l  e x p l o r a t i o n .  

The i n v e s t i g a t i o n s  t o  be performed d u r i n g  t h i s  p r o j e c t  are: 

1. Measure t h e  e l e c t r i c a l  p r o p e r t i e s  of  r e p r e s e n t a t i v e  geo the rma l  
materials as f u n c t i o n s  o f  f r equency ,  c u r r e n t  d e n s i t y ,  t empera tu re ,  
p r e s s u r e ,  and water c o n t e n t .  Measurements a s  a f u n c t i o n  of f r e -  
quency w i l l  cove r  a t  l e a s t  103 Hz t o  lo6  Hz, t he reby  measuring i n  
t h e  r anges  of  such  f i e l d  t echn iques  as I P  ( induced p o l a r i z a t i o n ) ,  
AMT (audiomagnetotellurics), VLF ( a i r b o r n e  and ground v e r y  low 
frequency e l e c t r o m a g n e t i c s ) ,  and o t h e r s .  P a r t i c u l a r  emphasis  w i l l  
be p l aced  upon u s i n g  c o r e  samples  from known geo the rma l  areas, 
s u p p o r t i n g  t h e  a c t i v i t i e s  of  USGS under  c o n t r a c t  number E(49-27)- 
1012 a s  r e p o r t e d  i n  S e c t i o n  2.1.1. 

2 .  C h a r a c t e r i z e  t h e  sample materials as t o  t h e i r  p o r o s i t y ,  po re  s i z e  
d i s t r i b u t i o n ,  p e r m e a b i l i t y ,  s p e c i f i c  s u r f a c e  area,  and  so on. 

3. Using t h e  r e s u l t s  of  p r e v i o u s  work, deve lop  a ma themat i ca l  model t o  
d e s c r i b e  t h e  observed e l e c t r i c a l  p r o p e r t i e s ,  and a t t e m p t  t o  i d e n t i f y  
t h e  mechanisms behind t h o s e  p r o p e r t i e s .  

T h i s  work compr i se s  an 18 month program. During t h e  f i r s t  6 months 
l a b o r a t o r y  equipment w i l l  be a c q u i r e d  and set up. P r e l i m i n a r y  measure- 
ments  on a v a i l a b l e  c o r e s  w i l l  be  made. During t h e  second 6-month 
p e r i o d ,  t h e  f u l l  range of  pa rame te r s  w i l l  be i n v e s t i g a t e d  i n  d e t a i l  on 
one  or more samples .  F i n a l l y ,  d u r i n g  t h e  l as t  6-month p e r i o d ,  s p e c i f i c  
phenomena w i l l  be examined f o r  p a r t i c u l a r  down-hole environments  on a 
number of  samples.  

A t  t h e  p r e s e n t  t i m e ,  t h e  expe r imen ta l  program has  been f i n a l i z e d  and t h e  
procurement  p rocedures  have been i n i t i a t e d  f o r  t h e  major  equipment 
i t e m s .  Samples a r e  being a c q u i r e d  and some c h a r a c t e r i z a t i o n  has  begun. s 
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c  i p a l  
I n v e s t i g a t o r s :  

Program Manager: 

P r o j e c t  O b j e c t i v e  : 

Funding : 

C o n t r a c t  Term: 

Repor t s  I s sued :  

Research on t h e  P h y s i c a l  P r o p e r t i e s  of Geothermal 
Rocks 

E(11-1) -2908 

Colorado  School of Mines 
Golden, Colorado  

George R. P i c k e t t  
( 3 0 3 )  279-0300 

George V. Ke l l e r  
( 3 0 3 )  279-0300 

Lar ry  B a l l  
(202)  376-4914 
FTS 376-4914 

To i n v e s t i g a t e  t h e  p r o p e r t i e s  of m o i s t ,  h o t  rocks  
t aken  from t y p i c a l  geo the rma l  r e s e r v o i r s .  

FY 75 - -- 
FY 76lTQ - $60K 
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None 

P r o j e c t  T i t l e :  Research on t h e  P h y s i c a l  P r o p e r t i e s  of Geothermal 
Rocks 

Con t rac t  No: E(11-1) -2908 

Geophys ica l  w e l l  surveys  have become a n  e s s e n t i a l  t o o l  i n  e v a l u a t i n g  t h e  
p o t e n t i a l  p r o d u c t i v i t y  of o i l  and gas  wells. I f  a s i g n i f i c a n t  geothermal  
i n d u s t r y  shou ld  develop, similar e v a l u a t i o n s  of  many geothermal  w e l l s  w i l l  
be needed. The techniques  which have proved so e f f e c t i v e  i n  the  o i l  and 
g a s  i n d u s t r y  a r e  l a r g e l y  e m p i r i c a l  i n  n a t u r e ,  and are based on e x t e n s i v e  
expe r i ence  and l abora to ry  r e s e a r c h .  However, t h e  r e s e a r c h  has  been done 
on ly  f o r  t h e  rock t y p e s  i n  which o i l  and gas  a r e  found, and n o t  f o r  many 
a d d i t i o n a l  rock  types i n  which geothermal  f l u i d s  are l i k e l y  t o  occur .  
The re fo re ,  t h e  present  r e s e a r c h  w i l l  i n v e s t i g a t e  t h e  i n t e r r e l a t i o n s h i p s  
of p h y s i c a l  p r o p e r t i e s ,  p r i m a r i l y  i n  v o l c a n i c  rocks ,  t o  de t e rmine  t h e  
necessa ry  r e l a t i o n s h i p s  f o r  i n t e r p r e t i n g  w e l l  l o g s  i n  geothermal  w e l l s .  
Of p r imary  i n t e r e s t  i n  t h e  s t u d i e s  will be rocks  s a t u r a t e d  w i t h  a combin- 
a t i o n  of water and gaseous  steam. 
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2.1.3 Exploration Methodology - Instrumentation and Techniques 2-1 0 Revised September 1, 1976 

P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  O b j e c t i v e  : 

Funding: 

C o n t r a c t  Te rm:  

Repor t s  I s sued :  

Downhole F i s s i o n  Track -- 4 o K / 4 0 A r  Age 
De te rmina t ions  and t h e  Measurement of 
P e r t u r b a t i o n s  i n  t h e  Geothermal Grad ien t  

E (45-1) -2229 

U n i v e r s i t y  of Alaska  Geophys ica l  I n s t i t u t e  
Fa i rbanks ,  Alaska  

Rober t  B. Forbes  
(907) 479-7558 

Clayton  R. Nichols  
( 2 0 2 )  376-4914 

FTS 376-4914 

To use  r a d i o g e n i c  d a t i n g  methods a s  a n  e x p l o r a t i o n  
t o o l  t o  l o c a t e  geothermal  anomal ies .  

FY 75 - $242K 
FY 76/TQ - -- 

611 175-5/31/77 

"The Los Alamos S c i e n t i f i c  Labora tory ' s  Dry Hot Rock 
Experiment:  Engineer ing  and S c i e n t i f i c  S tudies , "  
LA-UR-76-658 p r e s e n t e d  a t  t h e  1976 Spr ing  Meeting 
of t h e  American Geophys ica l  Union, Washington, D.C. 
A p r i l  12-15, 1976 

P r o j e c t  T i t l e :  Downhole F i s s i o n  Track  -- 4oK/40Ar Age 
De te rmina t ions  and t h e  Measurement of  
P e r t u r b a t i o n s  i n  t h e  Geothermal Grad ien t  

Con t rac t  No: E(45-1)-2229 

The purpose  of t h i s  p r o j e c t  i s  t o  r e f i n e  and e v a l u a t e  t echn iques  of  
r ad iogen ic  d a t i n g  of rocks  a s  a v i a b l e  geothermal  p r o s p e c t i n g  method. 
The p r o j e c t  w i l l  be c a r r i e d  o u t  i n  t h e  f i e l d  i n  A l a s k a  and i n  New Mexico, 
where c o r e s  from t h e  Los Alamos hot  d ry  rocks  p r o j e c t  w i l l  be used f o r  
a n a l y s i s .  United S t a t e s  Geo log ica l  Survey (USGS) w i l l  c o n t r i b u t e  work 
i n  f i s s i o n  t r a c k  a n a l y s i s .  

A t  t h e  E i e l s o n  h o l e  i n  c e n t r a l  Alaska ,  K / A r  d a t e s  of  120 m i l l i o n  y e a r s  
a t  t h e  s u r f a c e  d e c r e a s e  t o  65 m i l l i o n  y e a r s  a t  a dep th  of  2970 me te r s  
and a t empera tu re  of 94.7OC. A p a t i t e  f i s s i o n  t r a c k  d a t e s  f o r  t h e  same 
s i t e  d e c r e a s e  from 100 m i l l i o n  y e a r s  a t  315 meters t o  1 2  m i l l i o n  y e a r s  
a t  2970 meters. 

Samples from GT-2 a t  Fenton H i l l ,  New Mexico show a c o n s i s t e n t  d e c r e a s e  
of t h e  b i o t i t e  K / A r  ages  below a dep th  of  2580 meters. 
t o  2580 me te r s  a n  age  of 1 .4  b i l l i o n  y e a r s  is ob ta ined  but  below t h a t  
dep th  t h e  appa ren t  ages  d e c r e a s e  t o  1.26 b i l l i o n  y e a r s  a t  2900 meters 
where t h e  p r e s e n t  t empera tu re  i s  197OC. 
a t  t h e  s u r f a c e  of 240 m i l l i o n  y e a r s  d e c r e a s e  t o  69 m i l l i o n  y e a r s  a t  
790 meters dep th  and y i e l d  appa ren t  ages  of 0 y e a r s  and 1880 me te r s  
and 135OC. 

From t h e  s u r f a c e  

A p a t i t e  f i s s i o n  t r a c k  d a t e s  



P r o j e c t  T i t l e :  Lineament A n a l y s i s  a s  a n  Exp lo ra t ion  Technique 
f o r  Geothermal Energy 

C o n t r a c t  No: E (  26-1) -067 I 

C o n t r a c t o r :  Nevada Bureau of Mines and Geology 
U n i v e r s i t y  of Nevada a t  Reno 
Reno, Nevada 

P r i n c i p a l  Dennis T. T r e x l e r  
I n v e s t i g a t o r :  (702) 784-6691 

Program Manager: Clayton  R. N icho l s  
(202) 376-4914 
FTS 376-4914 

P r o j e c t  Ob jec t ive :  To conduct  a s tudy  of t h e  r e l a t i o n s h i p  between h o t  
s p r i n g s  and s t r u c t u r a l  l i neamen t s  i n  n o r t h e r n  Nevada 
and t o  e v a l u a t e ,  i n  a g e n e r a l  s ense ,  t h e  u s e f u l n e s s  
of l i neamen t  a n a l y s i s  as a reconna i s sance  t echn ique  
f o r  geothermal  e x p l o r a t i o n .  

Funding: M 75 - -- 
FY 76lTQ - S27K 

C o n t r a c t  Term:  6/15/76-6/14/77 

Repor t s  I s sued : .  None 

2.1.3 Exploration Methodology - Instrumentation and Techniques 
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P r o j e c t  T i t l e :  Lineament A n a l y s i s  a s  an  Exp lo ra t ion  Technique 
f o r  Geothermal Energy 

Con t rac t  No: E(26-1)-0671 

2-1 1 

The Nevada Bureau o f  Mines and Geology w i l l  u t i l i z e  e x i s t i n g  a i r c r a f t  and 
s p a c e c r a f t  photography t o  de t e rmine  t h e  r e l a t i o n s h i p  between geothermal  
a c t i v i t y  as expressed by h o t  s p r i n g s  and s t r u c t u r a l  t r e n d s  i n  an  ex ten-  
s i v e l y  s t u d i e d  reg ion  of n o r t h  c e n t r a l  Nevada, t h e  Ba t t l e  Mountain a r e a .  
The h igh  a l t i t u d e  U2 low-sun-angle photography o f  t h e  Battle Mountain 
area, flown by NASA a t  t h e  r e q u e s t  o f  Lawrence Berke ley  Labora to ry  w i l l  
be u t i l i z e d  f o r  the i n i t i a l  l ineament  s tudy  t o g e t h e r  w i t h  t h e  coverage  
by Landsa t  (ERTS) imagery. S p e c i f i c  l i t h o l o g i c  and t e c t o n i c  r e l a t i o n -  
s h i p s  t o  be i n v e s t i g a t e d  i n c l u d e  r e l a t i o n s h i p s  o f  l a t e  Cenozoic normal 
f a u l t i n g ,  r eg iona l  s t r u c t u r e s  and l i neamen t s ,  r e c e n t  v o l c a n i c  a c t i v i t y  
and zones  of  hydrothermal a l t e r a t i o n  t o  p r e s e n t  and p a s t  h o t  s p r i n g  
a c t i v i t y  . 

September 1, 1976 
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P r o j e c t  T i t l e :  Rese rvo i r  A n a l y s i s  and Modeling 

C o n t r a c t  No: W-7405-ENG-48 

C o n t r a c t o r :  Lawrence Livermore Labora tory  
Livermore.  C a l i f o r n i a  

P r i n c i p a l  J. S. Kahn 
I n v e s t i g a t o r :  (415) 447-1100. Ext. 8793 

FTS 457-8793 

Program Manager: Clayton  R. N icho l s  
(202)  376-4914 
FTS 376-4914 

P r o j e c t  Ob jec t ive :  To develop  and e v a l u a t e  methods for  r e s e r v o i r  
a n a l y s i s  and modeling f o r  geothermal  d e p o s i t s ,  
p a r t i c u l a r l y  t h e  ho t  b r i n e s  such  as t h o s e  of 
t h e  S a l t o n  Trough i n  C a l i f o r n i a .  

Funding : FY 75 - $6OOK 
FY 76ITQ - $585K 

Con t rac t  Term: 711174-9130177 

Repor ts  I s sued :  Donald Towse, "An Es t ima te  of t h e  Geothermal Energy 
Resource i n  t h e  S a l t o n  Trough, C a l i f o r n i a , "  Lawrence 
Livermore Labora tory  ( June  18 ,  1975) 

T. D. Palmer,  J. H. Howard, D. P. Lande. "Geothermal 
Development of t h e  S a l t o n  Trough, C a l i f o r n i a  and 
Mexico." Lawrence Livermore Labora tory  ( A p r i l  1, 
1975) 

A. L. Aus t in  e t  a l . ,  "The Lawrence Livermore 
Labora tory  Geothermal Energy Development Program 
S t a t u s  Repor t ,  J anua ry  1975 through August 1975," 
Lawrence Livermore Labora tory  (September 1975) 
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P r o j e c t  T i t l e :  Rese rvo i r  Ana lys i s  and Modeling 

Con t rac t  No: W-7405-ENG-48 

SUMMARY 

The purpose  of t h e  p r o j e c t  is. t o  deve lop  and apply  t e c h n i q u e s  f o r  
r e s e r v o i r  a n a l y s i s  and modeling of geothermal  r e s o u r c e s ,  p a r t i c u l a r l y  
t h e  ho t  b r i n e s  such  as those  of t h e  S a l t o n  Trough i n  C a l i f o r n i a .  Geo- 
l o g i c ,  geophys ica l ,  and geochemical d a t a  w i l l  be c o l l e c t e d  from in- 
d u s t r y ,  governmental  and academic s o u r c e s  and w i l l  be supplemented by 
a d d i t i o n a l  s t u d i e s  as r equ i r ed .  T h i s  d a t a  base  on t h e  geothermal  re- 
s o u r c e  i n  the  S a l t o n  Trough w i l l  be u t i l i z e d  f o r  t h e  r e f inemen t  of 
p r e d i c t i o n s  of r e s e r v o i r  behavior  and p roduc t ion  c h a r a c t e r i s t i c s .  
Improved r e s e r v o i r  a n a l y s i s  t echn iques  w i l l  be deve loped  and a p p l i e d  
t o  t h e  p r e d i c t i o n  of f low rates, f l u i d  en tha lpy  and u s e f u l  l i f e t i m e  
of  t h e  geothermal r e sources .  

A v a i l a b l e  geologic  d a t a  f o r  t h e  S a l t o n  Trough has  been ana lyzed ,  and  
a d d i t i o n a l  geologic  s t r u c t u r a l  i n fo rma t ion  has  been acqu i red  through 
c o n t r a c t e d  r e f r a c t i o n  seismic su rveys  i n  t h e  v i c i n i t y  o f  t h e  Ni land  
sites. E l e c t r i c  l og  c r o s s - s e c t i o n s  have been prepared  which i n d i c a t e  
t h e  g e n e r a l  v e r t i c a l  and l a te ra l  d i s t r i b u t i o n  of t h e  sand  u n i t s  which 
c o n s t i t u t e  the  geothermal  r e s e r v o i r s .  The l o c a t i o n  of t h e  major  f a u l t  
zones  has  been more a c c u r a t e l y  de te rmined .  

P r e p a r a t i o n  of a "case s tudy"  f o r  p u b l i c a t i o n  i s  now i n  p rogres s .  I t  
w i l l  i n c l u d e  a r t i c l e s  o f  t h e  development of t h e  S a l t o n  Sea Geothermal 
F i e l d ,  i nc lud ing  b r i n e  chemis t ry ,  r e s e r v o i r  eng inee r ing  economics and 
s u r  f a c e  exp lo ra t ion .  
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2.2 Resource Assessment Technology 

P r o j e c t  T i t l e :  

Con t rac t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

Con t rac t  Te rm:  

Repor ts  I s sued :  

Rese rvo i r  Engineer ing  Support  

E(10-1)-1375 

Idaho Na t iona l  Engineer ing  Labora to ry  
Idaho F a l l s ,  Idaho 

Roger S toke r  
(202) 522-6640 e x t  I781 
FTS 583-1781 

Clayton  R. N icho l s  
(202) 376-4914 
FTS 376-4914 

To u t i l i z e  geothermal  w e l l s  a t  Raf t  River and 
Boise ,  Idaho ,  f o r  t h e  f i e l d  t e s t i n g  of geothermal  
r e s e r v o i r  e v a l u a t i o n  t echn iques .  

FY 75 - -- 
FY 76lTQ - $150K 
7/1/76-9/30/77 

None 

2-14 September 1,1976 

P r o j e c t  T i t l e :  Rese rvo i r  Engineer ing  Support  

Con t rac t  No: E(10-1)-1375 

SUMMARY 

The number of producing  geothermal  wells a v a i l a b l e  f o r  f i e l d  t e s t i n g  of 
r e s e r v o i r  e v a l u a t i o n  t echn iques  i n  a r e s e a r c h  mode is l i m i t e d .  Three 
w e l l s  i n  t h e  Raf t  R ive r ,  Idaho a r e a  w i l l  be s u b j e c t e d  t o  f low t e s t i n g ,  
b r i n e  i n j e c t i o n  tests and a d d i t i o n a l  logging .  Wells a t  Boise ,  Idaho ,  
d r i l l e d  i n  connec t ion  wi th  t h e  Boise  Demonst ra t ion  Space Heat ing  P r o j e c t  
( r e p o r t e d  i n  s e c t i o n  3.2) w i l l  a l s o  be t e s t e d  and eva lua ted .  The r e s u l t s  
of t h e s e  s t u d i e s  w i l l  a i d  t echn ique  r e f inemen t  as w e l l  a s  p rov ide  an  
i n p u t  t o  t h e  l o c a t i o n  of a d d i t i o n a l  ho les .  
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P r o j e c t  T i t l e :  Hydrothermal Moderate Temperature Conduct ive  System 
(Low S a l i n i t y )  

C o n t r a c t  No: 14-7 405-ENG-4 8 

C o n t r a c t o r :  Lawrence Berke ley  Labora tory  
Berke ley ,  C a l i f o r n i a  

P r i n c i p a l  Pau l  A. Ui therspoon 
I n v e s t i g a t o r s :  (415) 843-2740, Ext.  5082 

FTS 451-5082 

Frank Morrison 
(415) 642-3804 (Univ.  o f  C a l i f o r n i a ,  Berke ley ,  C a l i f  .) 
FTS 451-5635 

Program Manager: La r ry  B a l l  
(202)  376-4914 

FTS 376-4914 

P r o j e c t  Ob jec t ive :  To advance  t h e  development of geothermal  r e s o u r c e  
assessment  technology by t h e  m u l t i p l e  a p p l i c a t i o n  
of g e o l o g i c a l ,  geochemica l ,  and geophys ica l  tech- 
n iques  t o  a modera te  t empera tu re ,  low s a l i n i t y  
hydro thermal  r e s e r v o i r  and by p u r s u i t  of  a sup- 
p o r t i n g  r e s e a r c h  and development program i n v o l v i n g  
bo th  f i e l d  and l a b o r a t o r y  r e s e r v o i r  e n g i n e e r i n g  
technology.  

Funding : FY 75 - $ 839K 
FY 76/TQ - $1,206K 

C o n t r a c t  Term: 71 1/74-9/30177 

Repor t s  I s sued :  H. A. Wollenberg,  e t .  a l . ,  "Geothermal Energy 
Resource Assessment," Lawrence Berke ley  Labora to ry  
r e p o r t  UCID-3762 ( J u l y  1975) 
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P r o j e c t  T i t l e :  Hydrothermal Moderate Temperature Conduct ive  System 
(Low S a l i n i t y )  

Con t rac t  No: W-7405-ENG-48 

The f i e l d  work i n  deve lop ing  geothermal  r e source  assessment  technology 
w i l l  be performed i n  t h r e e  v a l l e y s  of  n o r t h e r n  Nevada, namely: Buf fa lo  
(Buf fa lo  Hot Spr ings ) ,  Grass (Leach Hot S p r i n g s ) ,  and Buena Vista (Kyle 
Hot Spr ings ) .  Labora tory  work w i l l  be accomplished i n  t h e  Lawrence 
Berke ley  Laboratory and on t h e  U n i v e r s i t y  o f  C a l i f o r n i a  campus. 
pr imary  g o a l  i n  FY 75 i s  t o  s e l e c t  a s i te .  Program o b j e c t i v e s  w i l l  be 
ex tend ing  t h e  f i e l d  e x p l o r a t i o n  of t h e  t h r e e  si tes under s tudy  us ing  a 
v a r i e t y  of  geophys ica l  and geochemical methods,  and r e s e a r c h  and devel -  
opment programs t o  enhance t h e  methodology f o r  p r e d r i l l i n g  geo log ic  
unde r s t and ing  of geothermal  r e s e r v o i r s .  

F i e l d  exp lo ra t ion  u t i l i z e s  b o t h  geophys ica l  and geochemica l  methods 
and w i l l  s e r v e  the  purposes  of  l o c a t i n g  a r e s e r v o i r  c o n f i r m a t i o n  s i te ,  
f u r t h e r i n g  the  development of  equipment,  and improving d e t e c t i o n  method- 
o logy  and d a t a  a n a l y s i s .  

The i n i t i a l  phase of f i e l d  work a t  t h e  t h r e e  no r the rn  Nevada s i tes  is 
e s s e n t i a l l y  complete w i t h  t h e  excep t ion  of  some supplementa l  h e a t  f low 
work. An a r e a  i n  Grass  Va l l ey  n o r t h  of Kyle Hot Spr ings  has  been  iden- 
t i f i e d  by va r ious  geophys ica l  t echn iques  a s  a p robab le  geo the rma l  r e s e r -  
v o i r .  The geochemical thermometers i n d i c a t e  a moderate base  l e v e l  t e m -  
p e r a t u r e  (16O-18O0C) f o r  t h e  r e s e r v o i r .  The s p a t i a l  d i s t r i b u t i o n  and 
p robab le  dep th  of t h e  r e s e r v o i r  has  been modeled i n  te rms  of  appa ren t  
r e s i s t i v i t y ,  g r a v i t y ,  and seismic v e l o c i t y  d a t a .  In Buf fa lo  Va l l ey  a 
d i f f u s e ,  lower tempera ture  ho t  water r e s e r v o i r  has  been modeled on t h e  
b a s i s  of t h e  geophys ica l  and geochemical da t a .  Microear thquake  su rveys  
have i n d i c a t e d  a number of f a u l t  zones  which are s e i s m i c a l l y  a c t i v e .  

The Program Manager he ld  an  in fo rma l  rev iew o f  t h e  program r e s u l t s  as 
of  December 1975. LBL h a s  deve loped  an  impress ive  e x p l o r a t i o n  capab i l -  
i t y  which inc ludes  p a s s i v e  and a c t i v e  seismics. geochemis t ry ,  r a d i o i s o -  
t ope  a n a l y s i s ,  d.c.  r e s i s t i v i t y ,  t e l l u r i c s ,  magneto t e l l u r i c s .  s e l f  
p o t e n t i a l ,  and geology. Ongoing e f f o r t s  w i l l  c o n c e n t r a t e  p r i m a r i l y  
on Grass  Valley wi th  some technique  conf i rma t ion  work i n  o t h e r  a r e a s  
such  as t h e  C a l i f o r n i a  areas of  East Mesa, Long Va l l ey ,  Roosevel t  
Hot Spr ings ,  and Coso. 

The 

Revised September 1, 1976 
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P r o j e c t  T i t l e :  Cerro  P r i e t o  Data Compi la t ion  

Con t rac t  No: W-7405-ENG-48 

Con t rac to r :  Lawrence Berke ley  Labora to ry  
Berke ley ,  C a l i f o r n i a  

P r i n c i p a l  Pau l  Witherspoon 
I n v e s t i g a t o r :  (415) 843-2740. Ext. 5082 

FTS 451-5082 

Program Manager: Clayton  R. N icho l s  
(202) 376-4914 
FTS 376-4914 

P r o j e c t  Ob jec t ive :  To p rov ide  t h e  geothermal  i n d u s t r y  wi th  a complete 
d a t a  base  f o r  t h e  Cerro  P r i e t o  geothermal f i e l d .  

Funding : FY 75 - -- 
FY 76lTQ - $75K 

Con t rac t  Term: 511176-9130177 

Repor ts  I s sued :  None 

P r o j e c t  T i t l e :  Ce r ro  P r i e t o  Data Compi la t ion  

Con t rac t  No: W-7405-ENG-48 

SUMMARY 

The Cerro  P r i e t o  geothermal  f i e l d  l o c a t e d  i n  Baja C a l i f o r n i a ,  Mexico, 
has  t h e  same g e o l o g i c  s e t t i n g  a s  t h e  sys tems found i n  t h e  ne ighbor ing  
Imper i a l  Val ley .  Ce r ro  P r i e t o  has  been producing  75 MW of  e l e c t r i c  
power f o r  more than  3 y e a r s ,  wh i l e  t h e  C a l i f o r n i a  f i e l d s  a r e  s t i l l  i n  
t h e  e x p l o r a t i o n  and development s t a g e s .  Th i s  p rov ides  t h e  r a r e  oppor- 
t u n i t y  t o  be a b l e  t o  p r e d i c t  t h e  approximate  f u t u r e  behav io r  of t h e  
p r e s e n t l y  undeveloped Imper i a l  Va l l ey  geothermal  f i e l d s  by s t u d y i n g  
t h e  p a s t  and f u t u r e  r e sponse  of t h e  Cer ro  P r i e t o  r e s e r v o i r  t o  f l u i d  
p roduc t ion .  P r e s e n t l y ,  Cer ro  P r i e t o  has  about  30 p roduc t ion  w e l l s ,  
15  of which are supp ly ing  t h e  steam f o r  t h e  75 MW power p l a n t .  I n  t h e  
n e a r  f u t u r e ,  d r i l l i n g  of new p roduc t ion  and stand-by w e l l s  w i l l  beg in  
i n  o r d e r  t o  provide  steam t o  t h e  new power p l a n t s .  Before  t h e  end of 
1977, a new 75 MW p l a n t  is expec ted  t o  be on l i n e  and i n  mid 1982, t h e  
t o t a l  power gene ra t ed  a t  Cerro  P r i e t o  w i l l  r each  400 MW. 

Data c o l l e c t i o n  has  a l r e a d y  begun. The in fo rma t ion  is be ing  ob ta ined  
from t h e  r eco rds  and unpubl i shed  i n t e r n a l  r e p o r t s  kep t  a t  Mex ica l i ,  
Baja  C a l i f o r n i a ,  by t h e  Mexican Comision Fede ra l  de  E l e c t r i c i d a d  which 
i s  i n  charge  of t h e  Cerro  P r i e t o  p r o j e c t .  The c o l l e c t e d  d a t a  can  be 
d i v i d e d  i n t o  f . ive c a t e g o r i e s :  

a )  Geology: Geologic  maps, l i t h o l o g i c  columns; e l e c t r i c  w e l l  l o g s ;  
p re l imina ry  c r o s s - s e c t i o n s .  

b )  Geophysics:  R e s i s t i v i t y ,  aeromagnet ic  and g rav ime t ry  su rveys .  

c )  Geochemistry:  Chemical a n a l y s i s  of  s e p a r a t e d  water, non-condensable 
g a s e s  and c a s i n g  i n c r u s t a t i o n s .  

d )  Hydrogeology: Regional  maps of ground wa te r  l e v e l s  and chemica l  
composi t ion  of sha l low ground water. 

e )  Rese rvo i r  eng inee r ing :  Temperature and p r e s s u r e  p r o f i l e s  measured 
i n  w e l l s  under v a r i o u s  f lowing  c o n d i t i o n s ;  w e l l  head t empera tu re  and 
p r e s s u r e  h i s t o r y  o f  s e v e r a l  w e l l s ;  cumula t ive  f l u i d  p roduc t ion  d a t a ;  
c o n s t r u c t i o n  c h a r a c t e r i s t i c s  of  most w e l l s ;  s m a l l  number of  c o r e  
a n a l y s e s .  

The in fo rma t ion  p r e s e n t l y  be ing  ga the red  w i l l  r e s u l t  i n  a b e t t e r  
unde r s t and ing  of t h e  geo log ic  s t r u c t u r e  of  t h e  f i e l d  wi th  r e s p e c t  t o  t h e  
t r a n s f e r  of h e a t  and f l u i d s  w i t h i n  t h e  r e s e r v o i r  and a c r o s s  i t s  boundar i e s .  



3 

P r o j e c t  T i t l e :  A Comprehensive Labora tory  Study of  Samples from 
Na tu ra l  Hydrothermal Systems 

Con t rac t  No: E(49-27)-1005 

Con t rac to r :  U.S. Department of  t h e  I n t e r i o r  
Geo log ica l  Survey 
Reston. V i r g i n i a  

Work Performed by: U n i v e r s i t y  of  C a l i f o r n i a ,  R i v e r s i d e  
R i v e r s i d e ,  C a l i f o r n i a  

P r i n c i p a l  P. R. L. Browne . 
I n v e s t i g a t o r s :  (714) 787-1012 

W .  A. E l d e r s  
(714) 787-1012 

Program Manager: Clayton  R. N icho l s  
(202) 376-4914 
FTS 376-4914 

P r o j e c t  Ob jec t ive :  E s t a b l i s h  a l a b o r a t o r y  f a c i l i t y  capab le  of t h e  r a p i d ,  
d e t a i l e d ,  m i n e r a l o g i c a l  examinat ion  of hydro the rma l ly  
a l t e r e d  rock  samples from geothermal  zones.  

Funding : FY 75 - a 2 ~  
FY 761TQ -- 

Cont rac t  Term: 6125175-12/25/76 

Repor t s  I s sued :  None 

2.2 Resource Assessment Technology 

, 

P r o j e c t  T i t l e :  A Comprehensive Labora tory  S tudy  o f  Samples from 
N a t u r a l  Hydrothermal Systems 

E (4  9-2 7) - 1005 Con t rac t  No: 

SUMMARY 

The p r o j e c t  is a j o i n t  ERDA/DGE-USGS program f o r  t h e  development of  a 
l a b o r a t o r y  f a c i l i t y  c a p a b l e  of comprehensive a n a l y s i s  of  rock  samples  
from n a t u r a l  hydrothermal sys tems.  
o r i g i n a l l y  u t i l i z e d  i n  t h e  a n a l y s i s  of  samples from t h e  JOIDES deep  s e a  
d r i l l i n g  program to  t h e  a n a l y s i s  of hydro thermal ly  a l t e r e d  samples.  

The P i c k e r i n g  automated XRD u n i t  has  been  c a l i b r a t e d  and reprogrammed t o  
t h e  e x t e n t  t h a t  automated a n a l y s i s  of  most m i n e r a l s  r o u t i n e l y  encoun te red  
i n  hydro thermal ly  a l t e r e d  rock  samples  i s  p o s s i b l e .  Programming t o  ex- 
tend  t h e  c a p a b i l i t y  t o  i n c l u d e  s p e c i f i c  z e o l i t e s  and c l a y  m i n e r a l s  is 
con t inu ing .  Cores and c u t t i n g s  ana lyzed  t o  d a t e  have been l a r g e l y  from 
hydrothermal  systems i n  sed imentary  envi ronments ,  i .e.,  I m p e r i a l  Va l l ey .  

The p r o j e c t  w i l l  adap t  equipment 

2-1 7 Revised September 1, 1976 



2.2 Resource Assessment Technology 

P r o j e c t  T i t l e :  

Con t rac t  No: 

Con t rac to r :  

P r i n c i p a l  
I n v e s t i g a t o r  : 

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

Con t rac t  Term: 

Repor ts  I s sued :  

Cos0 and Other  S i t e  Assessment S t u d i e s  

E (49-2 7)-1009 

U.S. Department of t h e  I n t e r i o r  
Geo log ica l  Survey 
Res ton ,  V i r g i n i a  

Richard  F i ske  
(703) 860-6584 
FTS 928-6584 

Clayton  R. Nichols  
(202) 376-4914 
FTS 376-4914 

To o b t a i n  r e s o u r c e  d a t a  r e l e v a n t  t o  a number of 
ongoing ,  s i t e  s p e c i f i c  r e s e r v o i r  s t u d i e s  sponsored 
by ERDA. 

FY 75 - -- 
FY 76fTQ - $90K 

611176-9130176 

None 

2-1 8 September 1, 1976 

P r o j e c t  T i t l e :  Cos0 and Other  S i t e  Assessment S t u d i e s  

Con t rac t  No: E (  49-2 7)-1009 

SUMMARY 

T h i s  r e s e a r c h  is d i r e c t e d  towards t o p i c s  and si tes of  mutua l  i n t e r e s t  t o  
EKDA and t h e  USGS. The f i e l d  s i tes  a r e  a t  l o c a t i o n s  where EKDAIDGE i s  
sponsor ing  o r  p l a n s  t o  sponsor  work. They i n c l u d e  t h e  I m p e r i a l  V a l l e y ,  
Snake River  P l a i n ,  Coso. Aeol ian  B u t t e s ,  Ra f t  R ive r ,  t h e  Geysers  and 
n o r t h e r n  Nevada. The p r e s e n t  funding  l e v e l  of t h e s e  p r o j e c t s  w i l l  pro- 
bably  n o t  provide  r e s u l t s  soon enough t o  enhance t h e  s u c c e s s  of t h e  EKDA 
sponsored  work. The proposed fund ing  i s  des igned  t o  s u p p o r t  a d d i t i o n a l  
f i e l d  work du r ing  t h e  1976 summer f i e l d  season .  Th i s  a c c e l e r a t e d  work 
schedu le  should  p rov ide  more t ime ly  r e s u l t s .  

The proposed s t u d i e s  w i l l  a t t empt  t o  i n v e s t i g a t e  c o n d i t i o n s  s e v e r a l  
k i l o m e t e r s  benea th  t h e  e a r t h ' s  s u r f a c e .  Geoscience s t u d i e s  a t  t h e  
proposed si tes have, i n  g e n e r a l ,  been d i r e c t e d  a t  s u r f a c e  o r  nea r  sur -  
f a c e  m a n i f e s t a t i o n s .  R e s e r v o i r s  i n  t h e s e  areas, i f  t hey  e x i s t ,  w i l l  
most l i k e l y  be  l o c a t e d  a t  a g r e a t e r  depth .  



P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

Work Performed by: 

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  O b j e c t i v e :  

Funding : 

C o n t r a c t  Term: 

Repor t s  I s sued :  

A n a l y s i s  of  Geothermal Energy i n  E a s t e r n  United S t a t e s  

E(49-27)-1008 

U.S. Department o f  t h e  Navy 
Naval Sea Systems Command 
A r l i n g t o n ,  V i r g i n i a  

Applied P h y s i c s  Labora to ry  
Johns  Hopkins U n i v e r s i t y  
L a u r e l ,  Maryland 

A. M. Stone 
(301) 953-7100, e x t .  3037 

J. W. S a l i s b u r y  
(202)  376-4914 
FTS 376-4914 

To su rvey  geo the rma l  r e s o u r c e s  i n  t h e  E a s t e r n  
United S t a t e s  and s t u d y  p o t e n t i a l  u t i l i z a t i o n  
s c e n a r i o s .  

FY 75 - -- 
FY 76ITQ - $75K 

411176-9/30/76 

None 

3 

Analys i s  of  Geothermal Energy i n  E a s t e r n  United S t a t e s  P r o j e c t  T i t l e :  

C o n t r a c t  No: E(49-27)-1008 

SUMMARY 

T h i s  p r o j e c t  i s  designed t o  p rov ide  bo th  a su rvey  o f  geo the rma l  r e s o u r c e s  
i n  Region 5 ( a l l  of  t h e  s t a t e s  east of  t h e  M i s s i s s i p p i ,  e x c l u d i n g  Texas 
and L o u i s i a n a ) ,  and a s t u d y  o f  p o t e n t i a l  u t i l i z a t i o n  s c e n a r i o s .  Thus, 
upon i d e n t i f i c a t i o n  of  a p o t e n t i a l  r e s o u r c e  i n  Region 5 ,  r e g i o n a l  consul-  
t a t i o n  and planning w i l l  i d e n t i f y  p o t e n t i a l  customers .  E f f o r t s  w i l l  be 
made t o  match r e source  q u a l i t y ,  s u c h  a s  t empera tu re  and s a l i n i t y ,  t o  
customer requirements .  Where good matches a r e  n o t  a p p a r e n t ,  s t e p s  neces- 
s a r y  t o  t ransform t h e  r e s o u r c e  ( such  a s  by r a i s i n g  i t s  t empera tu re  w i t h  
a h e a t  pump) will b e  eva lua ted .  

2.2 Resource Assessment Technology 2-19 September 1, 1976 
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P r o j e c t  T i t l e :  Eva lua t ion  of Geothermal Energy Exp lo ra t ion  and 
Resource Assessment 

Con t rac t  No: E(04-3)-1269 

Con t rac to r :  R&D A s s o c i a t e s  
Marina d e l  Rey, C a l i f o r n i a  

P r i n c i p a l  John G. L e w i s  
I n v e s t i g a t o r s :  (213)  822-1715 

E r n e s t  E. M a r t i n e l l i  
(213) 822-1715 

Program Manager: J. W. S a l i s b u r y  
(202) 376-4914 - 
FTS 376-4914 

P r o j e c t  Ob jec t ive :  To a s s e s s  t h e  p r e s e n t  s ta te  of numer ica l  modeling 
as a p p l i e d  t o  geothermal  r e s e r v o i r s  and t o  i d e n t i f y  
c r i t i c a l  r e s e a r c h  needs  i n  s u p p o r t i v e  t e c h n o l o g i e s  
r e l e v a n t  t o  r e s e r v o i r  measurements. 

Funding : FY 75 - -- 
FY 76/TQ - $97K 

Con t rac t  Term: 513176-12/3/76 

Repor ts  I s sued :  None 

2.2 Resource Assessment Technology 

3 
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P r o j e c t  T i t l e :  Eva lua t ion  of Geothermal Energy Exp lo ra t ion  and 
Re source  Assessment 

Con t rac t  No: E(04-3)-1269 

SUMMARY 

The modeling of a p o t e n t i a l  geothermal  r e s e r v o i r  r e p r e s e n t s  an  a t t e m p t  
t o  deve lop  a l l  a v a i l a b l e  in fo rma t ion  concern ing  t h e  s i t e  i n  q u e s t i o n  
i n t o  a s i n g l e  coherent  p i c t u r e  from which p r e d i c t i o n s  can  be made of 
t h e  most e f f e c t i v e  u t i l i z a t i o n  procedure ,  and t h e  e f f e c t s  of u t i l i z a t i o n  
on t h e  r e s e r v o i r  i t s e l f .  

The u t i l i z a t i o n  of a geothermal  r e source  a t  t h e  ground s u r f a c e  w i l l ,  o f  
n e c e s s i t y ,  e n t a i l  a d e p l e t i o n  of t h e  r e source  a t  t h e  r e s e r v o i r  l e v e l .  
Thus, u t i l i z a t i o n  i m p l i e s  a d i s t u r b a n c e  of i n i t i a l  c o n d i t i o n s  e x i s t i n g  
a t  depth .  As t h i s  d i s t u r b a n c e  may d e c r e a s e  t h e  u t i l i t y  o f  t h e  r e s e r v o i r  
( a s  by compaction and reduced p e r m e a b i l i t y ) ,  o r  pose an  env i ronmen ta l  
haza rd ,  i t  i s  h ighly  impor t an t  t h a t  r e s e r v o i r  models and modeling pro- 
cedures  be  c a r e f u l l y  e v a l u a t e d .  

T h i s  s tudy  w i l l  assess t h e  p r e s e n t  s ta te  of geothermal  r e s e r v o i r  modeling 
t echn iques .  i d e n t i f y i n g  c r i t i c a l  pa rame te r s  where a d d i t i o n a l  i n fo rma t ion  
i s  needed t o  reduce modeling u n c e r t a i n t i e s .  The n a t u r e ,  a v a i l a b i l i t y  and 
p rope r  use  of i n s t rumen ta t ion  a p p r o p r i a t e  f o r  a c q u i s i t i o n  of c r i t i c a l  
pa rame te r s  w i l l  be i n v e s t i g a t e d .  

September 1,1976 

I 



2.2 Resource Assessment Technology 

P r o j e c t  T i t l e :  

Con t rac t  No: 

Con t rac to r :  

P r i n c i p a l  
I n v e s t i g a t o r  : 

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

Con t rac t  Term: 

Repor ts  I s sued :  

0 

T e r r e s t r i a l  Heat Flow S t u d i e s  i n  Arizona 

E(29-2)-3721 

New Mexico Bureau of Mines and Minera l  Resources 
New Mexico I n s t i t u t e  of Mining and Technology 
Socorro ,  New Mexico 

Marsha l l  Reiter 
(505) 835-5306 

Clayton  R. Nichols  
(202) 376-4914 
FTS 376-4914 

To conduct  t e r r e s t r i a l  h e a t  f low s t u d i e s  i n  Arizona 
by which t h e  s u r f a c e  h e a t  f l u x  p a t t e r n  and r e g i o n a l  
geothermal  t r e n d s  may be b e t t e r  o u t l i n e d  and a r e a s  of  
r e g i o n a l  geothermal  p o t e n t i a l  de f ined .  

FY 75 - -- 
FY 76fTQ - $32K 

5/1/76-4/30/77 

None 
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P r o j e c t  T i t l e :  Terrestr ia l  Heat Flow S t u d i e s  i n  Ar izona  

Con t rac t  No: E (29-2)-3 72 1 

SUMMARY 

S e v e r a l  anomalously h igh  h e a t  f low a r e a s  i n  wes te rn  New Mexico appea r  
t o  ex tend  i n t o  Arizona. P r e l i m i n a r y  d a t a  a l s o  s u g g e s t s  low h e a t  f low 
a r e a s  i n  t h e  Colorado  P l a t e a u  and t h e  Bas in  and Range p o r t i o n s  of 
Arizona. The s c a r c i t y  o f  d a t a  a t  p r e s e n t ,  however, has  prevented  t h e  
a c c u r a t e  d e f i n i t i o n  of h e a t  f low p rov inces  w i t h i n  Arizona. Heat f low 
s t u d i e s  w i l l  b e t t e r  d e f i n e  t h e  s u r f a c e  h e a t  f l u x  p a t t e r n  and w i l l  s u g g e s t  
r e g i o n a l  geothermal  t r e n d s  and a r e a s  of r e g i o n a l  geothermal  p o t e n t i a l .  

Heat flow measurements w i l l  be made u t i l i z i n g  e x i s t i n g  ho le s .  The h o l e s  
w i l l  be s e l e c t e d  from among t h o s e  h o l e s  owned by o i l  or g a s  companies 
f o r  which permiss ion  can  be ob ta ined  t o  l o g  and p u b l i s h  t h e  r e s u l t s  of 
t h e  thermal  measurements. Approximately 25 t o  50 h e a t  f low measurements 
w i l l  be made d u r i n g  t h e  c o u r s e  of t h e  t o t a l  program (30  months).  It is 
a n t i c i p a t e d  t h a t  a t  l eas t  15  of  t h e s e  would be reduced h e a t  f low 
measurements. 
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P r o j e c t  T i t l e :  Development of Cri ter ia  Usefu l  i n  t h e  De tec t ion  of  
Low Permeab i l i t y  Geothermal Systems 

Con t rac t  No: E ( 11- 1) -2 7 63 

Con t rac to r  : U n i v e r s i t y  of  Ar izona  
Tucson, Arizona 

P r i n c i p a l  Denis Norton 
I n v e s t i g a t o r :  (602) 884-1419 

Program Manager: David B. Lombard 
( 2 0 2 )  376-4902 
FTS 376-4902 

P r o j e c t  Ob jec t ive :  To develop  e x p l o r a t i o n  c r i te r ia  f o r  t h e  assessment  
and e v a l u a t i o n  of low p e r m e a b i l i t y  geothermal  
r e sources .  

Funding: FY 75 - $133K 
FY 76lTQ - $ 1 1 K  

Con t rac t  Term: 6/20/75-6/19/77 

Repor ts  I s sued :  None 
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P r o j e c t  T i t l e :  Development of Cri ter ia  Usefu l  i n  t h e  D e t e c t i o n  of 
Low P e r m e a b i l i t y  Geothermal Systems 

C o n t r a c t  No: E (  11-1)-2763 

Geologic  ev idence  s u g g e s t s  t h e  p re sence  of young i n t r u s i v e  igneous  
bod ies ,  some poss ib ly  a t  r e a d i l y  a t t a i n a b l e  dep ths ,  in t h e  Bas in  and 
Range P rov ince  of Ar izona ,  a r e g i o n  w i t h  no recognized  geothermal  re- 
sources .  
f l u i d  c i r c u l a t i o n ,  hydro thermal  mine ra l  a l t e r a t i o n ,  and h e a t  t r a n s f e r  
i n  t h e  upper  c r u s t ,  t h a t  t h e  i n t r u s i v e  thermal  sou rce  must have asso- 
c i a t e d  hydrothermal sys tems which, though low i n  power p roduc t ion  po- 
t e n t i a l ,  would se rve  as c l u e s  t o  t h e  l o c a t i o n  of t h e  i n t r u s i v e  the rma l  
sou rce .  

A mathemat i ca l  model f o r  t h e  a n a l y s i s  of  t h e  r e l a t i o n s h i p s  between t h e  
b a s a l t i c  p lu ton ic  i n t r u s i v e s  and a s s o c i a t e d  hydro thermal  c o n v e c t i v e  sys- 
tems w i l l  be  developed, i n c o r p o r a t i n g  d a t a  on t h e  t empera tu re ,  dep th ,  
composi t ion ,  and movement of hydro thermal  f l u i d s  i n  t h e  P rov ince .  
c l u s i o n s  may then be drawn a s  t o  t h e  l o c a t i o n ,  dep th ,  age  and tempera- 
t u r e  of p o s s i b l e  hot  d r y  r o c k  geothermal  t a r g e t s .  

The i n v e s t i g a t o r  w i l l  f i r s t  p repa re  g e n e r a l i z e d  geo log ic  c r o s s - s e c t i o n s  
of  t y p i c a l  Basin-and-Range p l u t o n i c  i n t r u s i v e s  from e x i s t i n g  geo log ic  
and geophys ica l  in format ion .  From t h e  c r o s s - s e c t i o n s ,  i n i t i a l  and 
boundary cond i t ions  f o r  t h e  model w i l l  be e s t a b l i s h e d .  

The model w i l l  then be c o n s t r u c t e d  on the  b a s i s  of  e x i s t i n g  programs 
d e s c r i b i n g  d i s p e r s i o n  of thermal  energy  from igneous  Sub te r r anean  
s o u r c e s  i n  two dimensions.  The i n c l u s i o n  of rock  p e r m e a b i l i t y ,  a d j u s t -  
a b l e  as a func t ion  of p o s i t i o n ,  w i l l  add c o n s i d e r a b l e  g e o l o g i c  " r e a l i t y . "  
S i n g l e  phase f l u i d  p r o p e r t i e s  such  as v i s c o s i t y ,  d e n s i t y ,  h e a t  c o n t e n t ,  
and c o e f f i c i e n t  of t he rma l  expans ion ,  a l l  as f u n c t i o n s  of t empera tu re  
and p r e s s u r e ,  w i l l  be inco rpora t ed  i n  t h e  model. E x i s t i n g  s o f t w a r e  
w i l l  be adapted  t o  p r e d i c t  t h e  i n t r i n s i c  e l e c t r i c a l  r e s i s t i v i t y  
throughout  t h e  model domain. 

C a l c u l a t i o n  of the rate of  c o o l i n g  of t h e  i n t r u s i v e  bod ies  w i l l  
e s t a b l i s h  t h e  maximum age  a t  which they  would s t i l l  r e p r e s e n t  v i a b l e  
geothermal  r e sources  f o r  d i f f e r e n t  sets of  c o o l i n g  cond i t ions .  
c a l c u l a t i o n s  of such pa rame te r s  as h e a t  f l u x ,  t empera tu re  v e r s u s  d e p t h ,  
e l e c t r i c a l  r e s i s t i v i t y ,  and water composi t ion ,  w i l l  p rov ide  u s e f u l  
g u i d e s  f o r  i n t e r p r e t a t i o n  of f i e l d  d a t a  ga the red  i n  t h e  s e a r c h  f o r  
h o t  d r y  rock  resources .  

The i n v e s t i g a t o r  b e l i e v e s ,  on  t h e  b a s i s  of d a t a  on s u b s u r f a c e  

Con- 

Other  
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2.2 Resource Assessment Technology 

P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r  : 

Program Manager: 

P r o j e c t  O b j e c t i v e :  

Funding: 

C o n t r a c t  Term: 

Repor ts  I s s u e d :  

F e a s i b i l i t y  Study of t h e  Conway G r a n i t e  a s  a 
Geothermal Energy Resource 

E(11-1)-2686 

U n i v e r s i t y  o f  Maine a t  Orono 
Orono, Maine 

P h i l i p  H. Osberg 
(207) 581-2718 

Clayton  R. Nichols  
(202)  376-4914 
FTS 376-4914 ' 

To d e t e r m i n e  whether  t h e  s t r o n g l y  r a d i o a c t i v e  
Conway g r a n i t e  c o n s t i t u t e s  a s o u r c e  of u s e f u l  
geothermal  h e a t  and t o  q u a n t i f y  t h i s  source. 

FY 75 - $ 51K 
FY 76ITQ - -- 
611175-5/31/77 

None 
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P r o j e c t  T i t l e :  F e a s i b i l i t y  S tudy  o f  t h e  Conway G r a n i t e  as a 
Geothermal Energy Resource 

C o n t r a c t  No: E (11- 1) -2 686 

The White Mountain b a t h o l i t h  is t a r g e t e d  as a p o s s i b l e  s o u r c e  o f  
geothermal  h e a t .  Under t h i s  p r o p o s a l :  (1) t h e  p e r t i n e n t  g e o l o g i c a l  
and g e o p h y s i c a l  i n f o r m a t i o n  w i l l  be assembled and c o l l a t e d ;  (2)  addi -  
t i o n a l  g r a v i t y  measurements w i l l  be  o b t a i n e d  and t h e s e  a l o n g  w i t h  
e x i s t i n g  g r a v i t y ,  a e r o m a g n e t i c ,  and r a d i o a c t i v i t y  d a t a  w i l l  be 
a n a l y z e d  t o  o b t a i n  a model of t h e  t h r e e  d imens iona l  shape  o f  t h e  
b a t h o l i t h  c o n s i s t e n t  w i t h  t h e  geology;  ( 3 )  t h e  h y p o t h e s i s  t h a t  t h e  
b i o t i t e  g r a n i t e  and t h e  amphibole g r a n i t e  a r e  p r o d u c t s  o f  a c o n t i n u o u s  
c r y s t a l l i z a t i o n  p r o c e s s  w i l l  be t e s t e d  and t h e  e x t e r n a l  c o n d i t i o n s  a t  
which t h e  r a d i o a c t i v e  e l e m e n t s  were f i x e d  i n  m i n e r a l s  w i l l  be  i n v e s t i -  
g a t e d ;  ( 4 )  chemica l  d e t e r m i n a t i o n s  of  uranium, thor ium,  and  potass ium 
w i l l  be made t o  expand t h e  e x i s t i n g  d a t a  on r a d i o a c t i v i t y  and t h e s e  
d a t a  w i l l  be used t o  d e t e r m i n e  t h e  d i s t r i b u t i o n  of r a d i o a c t i v i t y  w i t h  
p o s i t i o n  i n  t h e  b a t h o l i t h ;  and ( 5 )  t h e  g e o l o g i c a l  and g e o p h y s i c a l  
models w i l l  be  used w i t h  e x i s t i n g  h e a t  f low d a t a  t o  estimate t h e  
t e m p e r a t u r e  w i t h i n  t h e  b a t h o l i t h .  
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

Con t rac to r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Managers: 

P r o j e c t  Ob jec t ive :  

Funding: 

C o n t r a c t  Term: 

Repor t s  I s sued :  

3 

Deep Heat-Flow and F r a c t u r i n g  Tests i n  Conway 
G r a n i t e ,  New Hampshire 

E(11-1)-2720 

U n i v e r s i t y  o f  New Hampshire 
Durham, New Hampshire 

Glenn W. S t ewar t  
(603) 862-1216 

Clayton  R. N icho l s  (ERDA) 
(202) 376-4914 
FTS 376-4914 

B i l l  Laughl in  (LASL) 
(505) 667-7077 
FTS 843-7077 

To de te rmine  t h e  n a t u r a l  h e a t  f low i n  s t r o n g l y  
r a d i o a c t i v e  p o r t i o n s  of Conway g r a n i t e  a t  g r e a t e r  
dep ths  ( c i r c a  3000 f e e t )  t han  those  f o r  which 
h e a t  f low h a s  been measured; t o  conduct  l i m i t e d  
h y d r a u l i c  f r a c t u r i n g  tests. 

FY 75 - $165K 
FY 761TQ - -- 
611175-6/30177 

None 
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P r o j e c t  T i t l e :  Deep Heat-Flow and F r a c t u r i n g  Tests i n  Conway 
G r a n i t e ,  New Hampshire 

C o n t r a c t  No: E (11-1)-2 720 

SUMMARY 

New Hampshire has numerous areas where r ad iogen ic  h e a t  i n  t h e  Conway 
G r a n i t e ,  one  of t h e  most r a d i o a c t i v e  g r a n i t e  rocks  known, cou ld  con- 
s t i t u t e  a geothermal h e a t  source .  The proposed work s e e k s  t o  de t e rmine  
t h e  n a t u r a l  heat f l ow i n  s t r o n g l y  r a d i o a c t i v e  p o r t i o n s  o f  Conway g r a n i t e  
a t  g r e a t e r  depths ( c i r c a  3000 f e e t )  t han  those  f o r  which h e a t  f low has  
been measured. 

I n  a d d i t i o n  t o  a s s e s s i n g  t h e  geothermal  g r a d i e n t ,  t h e  bo reho le  w i l l  be 
used to :  

1. Locate  the  j o i n t i n g  and s h e a r  zones  by geophys ica l  l ogg ing  w i t h  a n  
induced  gamma gamma-neutron probe. 

2. Determine the n a t u r a l  r a d i a t i o n  of t h e  bo reho le  and t h e  c o r e  wi th  
a gamma r a d i a t i o n  probe. 

The c o r e  w i l l  be a v a i l a b l e  f o r :  (1) chemica l ,  spec t rochemica l ,  
geophys ica l  and o t h e r  a n a l y s e s ;  and ( 2 )  f o r  p repa r ing  t h i n  s e c t i o n s  
t o  s t u d y  t h e  pe t rog raph ic  c h a r a c t e r i s t i c s  of  t h e  Conway Gran i t e .  

A s i t e  was s e l e c t e d  a t  t h e  town of Conway w i t h i n  t h e  abandoned Redstone 
Quarry f o r  i n i t i a l  test d r i l l i n g .  A 2-7/8" h o l e  w i t h  a t o t a l  dep th  of  
3003' w a s  completed by a commercial c o n t r a c t o r  i n  e a r l y  December 1975. 
A 98% recovery  of  1-718'' c o r e  w a s  ob ta ined  and t h e  c o r e  i s  be ing  de- 
s c r i b e d  by Un ive r s i ty  of  New Hampshire g e o l o g i s t s .  A number of hydro- 
t he rma l ly  a l t e r e d  zones  were encountered .  
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

\ 
P r i n c i p a l  

I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding : 

Cont rac t  Term: 

Repor t s  I s sued :  

I n v e s t i g a t i o n  of Two Areas in N e w  York S t a t e  Which 
May Have P o t e n t i a l  f o r  Geothermal Energy 

E( 11-1)-2694 

U n i v e r s i t y  o f  t h e  S t a t e  of  N e w  York 
Albany, N e w  York 

Yngvar W. I s achsen  
(518) 457-3300 

Clayton  R. N icho l s  
(202) 376-4914 

FTS 376-4914 

Two p o t e n t i a l  a r e a s  f o r  d r y  h o t  rock  geothermal 
energy  i n  New York w i l l  be  s t u d i e d .  

FY 75 - $ 60K 
FY 76ITQ - -- 
511175-12/31/76 

No ne 
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P r o j e c t  T i t l e :  I n v e s t i g a t i o n  of Two Areas i n  N e w  York S t a t e  Which 
May Have P o t e n t i a l  f o r  Geothermal Energy 

Con t rac t  No: E(11-1)-2694 

SUMMARY 

Two p o t e n t i a l  areas f o r  d ry  h o t  rock  geothermal  energy  i n  New York S t a t e  
w i l l  be s t u d i e d  as fo l lows :  

The Adirondack Mountains dome, which has  been undergoing  v e r t i c a l  
u p l i f t  a long  its e a s t e r n  f l a n k ,  w i l l  be r e l e v e l e d  a c r o s s  i t s  axis 
by t h e  Na t iona l  Geodet ic  Survey as p a r t  of t h i s  r e s e a r c h  p r o j e c t .  
The i n v e s t i g a t o r s  w i l l  e v a l u a t e  t h e  r e s u l t s  i n  te rms  of  p o s s i b l e  
contemporary doming of t he  Adirondacks a s  a whole. A t  t h e  c e n t e r  
of t h e  dome i s  Blue Mountain Lake, s i t e  of r e c u r r e n t  swarm-type 
ea r thquakes .  The i n v e s t i g a t o r s  w i l l  s t udy  t h e  s u r f a c e  trace of 
t h e  f a u l t  p l ane  involved  i n  d e t a i l  by g e o l o g i c a l ,  magnet ic  and 
g r a v i t y  mapping. 

An anomalous c i r c u l a r  d r a i n a g e  f e a t u r e  i n  t h e  C a t s k i l l  Mountains,  
which shows prominent ly  on LANDSAT imagery, w i l l  be i n v e s t i g a t e d  
i n  terms o f  bedding a l t i t u d e ,  p h o t o l i n e a r s  which approach  b u t  do  
no t  pas s  through t h e  s t r u c t u r e ,  g r a v i t y ,  magne t i c s ,  s c i n t i l l o m e t r y ,  
and s e i s m i c  moni tor ing .  I f  t h e  s t r u c t u r e  is one of i n c r e a s e d  
volume, such  as a g e n t l e  dome, and is c h a r a c t e r i z e d  by a t t e n u a t e d  
P and S waves, t he rma l  expans ion  and a thermal  sou rce  a t  dep th  
w i l l  be suspec ted .  

A f i r s t ' o r d e r  l e v e l i n g  l i n e  a c r o s s  t h e  Adirondack Mountains Dome has  
been resurveyed  and p re l imina ry  r e s u l t s  i n d i c a t e  a doming a t  a rate of 
3.76 mmlyear. The s t r a t i g r a p h y  o f  a d j a c e n t  areas is  be ing  examined i n  
a n  a t t empt  t o  d a t e  t h e  doming. Chemical samples  have been ob ta ined  from 
Blue Mountain Lake i n  t h e  v i c i n i t y  of  r e c u r r e n t ,  swarm-type ea r thquakes  
and are be ing  ana lyzed  i n  o r d e r  t o  de t e rmine  i f  g a s e s  o r  the rma l  b r i n e s  
a r e  be ing  r e l e a s e d  under water .  East-West and North-South g r a v i t y  pro- 
f i l e s  a c r o s s  t h e  s t u d y  a r e a  i n  t h e  C a t s k i l l  Mountains i n d i c a t e  a major  
g r a v i t y  low. 



P r o j e c t  T i t l e :  A Secondary Recovery Method f o r  t h e  E x t r a c t i o n  of 
Geothermal Energy 

Con t rac t  No: E (4 5-1) -2 22 7 

Con t rac to r :  Oregon S t a t e  U n i v e r s i t y  
C o r v a l l i s ,  Oregon 

P r i n c i p a l  Gunnar Bodvarsson 
I n v e s t i g a t o r :  (503) 754-0123 

Program Manager: Glayton  R. Nichols  
(202) 376-4914 
FTS 376-4914 

P r o j e c t  Ob jec t ive :  To i n v e s t i g a t e  t h e  p o s s i b i l i t y  of  us ing  permeable 
b a s a l t i c  d i k e s  and o t h e r  s u i t a b l e  s t r u c t u r e s  a s  
f l u i d  conduc to r s  f o r  e x t r a c t i o n  of low-to-medium 
t empera tu re  thermal  energy  i n  r e g i o n s  wi th  above 
normal h e a t  flow. 

Funding : FY 75 - $ 50K 
FY 76ITQ - -- 

Cont rac t  Term: 6120175-6130177 

Repor ts  I s sued :  Gunnar Bodvarsson, "A Secondary Recovery Method f o r  
t h e  E x t r a c t i o n  of Geothermal Energy--Annual P rogres s  
Repor t ,  f o r  pe r iod  J u l y  1,  1975-June 1,  1976,"  
Oregon S t a t e  U n i v e r s i t y  r e p o r t  RLD-2227-T21-1 
( J u l y  1976) 

P r o j e c t  T i t l e :  A Secondary Recovery Method f o r  t h e  E x t r a c t i o n  of 
Geothermal Energy 

E (45-1) -2227 Con t rac t  No: 

SUMMARY 

3 

This  p r o j e c t  addres ses  a s p e c i a l  secondary  method f o r  e x t r a c t i o n  of 
geothermal  energy  from ho t  rock. 
and where permeable b a s a l t i c  d i k e s  are p r e s e n t ,  i t  is proposed t h a t  t h e  
d i k e  be used a s  a f l u i d  conductor  by d r i l l i n g  bo reho les  t o  i n t e r s e c t  t h e  
d i k e  a t  two d i f f e r e n t  dep,th l e v e l s  and c i r c u l a t i n g  water down t h e  deeper  
h o l e s  and up t h e  sha l lower  ones.  
t h i s  t ype  have been encouraging .  

In many the rma l  a reas  d i k e s  appear  t o  be more impor t an t  t o  v e r t i c a l  
conduc t ion  of f l u i d  than  f a u l t s .  Moreover, d i k e s  are e x t e n s i v e  s t r u c -  
t u r e s  t h a t  a r e  r e a d i l y  l o c a t e d .  The downward c o n t i n u a t i o n  of  t h e i r  
p o s i t i o n  p r e s e n t s  l i t t l e  d i f f i c u l t y .  Using such  d i k e s  as f l u i d  conduc- 
t o r s  i n  h e a t  e x t r a c t i o n  p r o j e c t s  would probably  a l l e v i a t e  t h e  problems 
of a r t i f i c i a l  f r a c t u r i n g  and t h e  s i t i n g  of b o r e h o l e s  t h a t  a r e  so c r i t i -  
c a l  t o  o t h e r  ho t  rock p r o j e c t s .  
of s u f f i c i e n t  pe rmeab i l i t y  have t h e  d i sadvan tage  t h a t  t , he i r  occu r rence  
i s  g e n e r a l l y  r e s t r i c t e d  t o  volcanic 'a reas  such  as t h e  T e r t i a r y  s e c t i o n s  
of  t h e  f l o o d  b a s a l t s  o f  I c e l a n d ,  and o t h e r  f l o o d  b a s a l t  areas such  as 
t h e  Columbia P la t eau  and o t h e r  Cenozoic v o l c a n i c  areas i n  t h e  P a c i f i c  
Northwest.  

The p r e s e n t  p r o j e c t  has  involved  f i e l d  o b s e r v a t i o n s ,  bo th  i n  t h e  United 
S t a t e s  and i n  I ce l and ,  and t h e o r e t i c a l  i n v e s t i g a t i o n s .  
i s  on t h e  theo ry ,  mainly on  t h e  the rmoe las t i c .  h e a t  t r a n s f e r ,  and f l u i d  
f low modeling of the  h e a t  e x t r a c t i o n  processes .  The e f f o r t  w i l l  a l s o  
i n c l u d e  p l ann ing  of r e l e v a n t  f i e l d  exper iments ,  which would c o n s t i t u t e  
t h e  l o g i c a l  follow-up t o  t h e  f i e l d  de.terminati0n.s of  p e r m e a b i l i t y  con- 
d i t i o n s  and t h e o r e t i c a l  modeling of t h e  p r e s e n t  p r o j e c t .  

A f i e l d  i n v e s t i g a t i o n  of t he  r o l e  of d i k e s  i n  p rov id ing  v e r t i c a l  
p e r m e a b i l i t y  f o r  hydrothermal f l u i d  c i r c u l a t i o n  has  been completed i n  
t h e  Columbia P l a t e a u  province .  All outcropping  d i k e s  which were v i s i t e d  
i n  t h e  r e g i o n  turned  o u t  t o  be heav i ly  fragmented and a l t e r e d .  There w a s  
no p o s s i b i l i t y  of o b t a i n i n g  u s e f u l  d a t a  on t h e  hydro log ic  p r o p e r t i e s  of 
f r a c t u r e s  w i t h i n  or  a long  t h e  d ikes .  The Ey ja f jo rdur  r e g i o n  of  North- 
C e n t r a l  I c e l a n d  was v i s i t e d  du r ing  June  1976. There appea r s  t o  be l i t t l e  
doubt t h a t  a l l  the ho t  s p r i n g s  i n  the  r eg ion  a r e  c o n t r o l l e d  by maf id  d i k e s  
Computer modeling of f l u i d  i n j e c t i o n  i n t o  nonuniform t empera tu re  f i e l d s  
and i n j e c t i o n  a t  nonuniform rates i s  nea r ing  comple t ion .  

In r eg ions  of  above normal h e a t  f low 

Pre l imina ry  s t u d i e s  of  a sys tem of 

0n"the o t h e r  hand; b a s a l t i c  d i k e s  

The emphas is  
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding : 

C o n t r a c t  Term: 

Repor t s  I s sued :  

U.S. Gulf Coast Geopressured Geothermal Aqui fer  
S imula t ion  

E(40-1 ) -5040  

U n i v e r s i t y  of  Texas a t  Aus t in  
Aus t in ,  Texas 

Roy M. Knapp 
( 5 1 2 )  471-5393 

K e i t h  Westhusing 
( 2 0 2 )  376-4902 
FTS 376-4902 

To develop  a mathemat ica l  model t o  s imula t e  t h e  
behav io r  under p roduc t ion  c o n d i t i o n s  of  Gulf Coast 
geopres su red  geothermal  a q u i f e r s .  

FY 75 - -- 
FY 76lTQ - S175K 

2 / 1 / 7 6 - 1 / 3 1 / 7 7  

None 

2-28 September 1, 1976 

P r o j e c t  T i t l e :  U.S. Gulf Coast Geopressured  Geothermal Aqu i fe r  
S imula t ion  

Con t rac t  No: E (40 -1 ) -5040  

SUMMARY 

The Gulf Coas t  of Texas i s  u n d e r l a i n  by sands tone  r e s e r v o i r s  c o n t a i n i n g  
low s a l i n i t y  h o t  wa te r  under g r e a t  p re s su re .  In a d d i t i o n ,  t h e  wa te r  
probably  c o n t a i n s  s i g n i f i c a n t  amounts of  d i s s o l v e d  methane. Th i s  geo- 
the rma l  r e s o u r c e ,  i f  p r e s e n t  i n  s u f f i c i e n t  q u a n t i t i e s  f o r  p roduc t ion ,  
has  g r e a t  p o t e n t i a l  i n  one of t h e  coun t ry ’ s  major  energy-consuming a r e a s .  
The proposed r e s e a r c h  w i l l  deve lop  computer programs which s i m u l a t e  t h e  
behav io r  of Gulf Coast geopres su red  geothermal  a q u i f e r s .  

Two s e p a r a t e  but  r e l a t e d  models w i l l  be deve loped .  The  f i r s t  w i l l  be 
based on t h e  momentum e q u a t i o n s  govern ing  f l u i d  f low i n  t h e  geopres su red  
a q u i f e r s .  Such a model should  be adequa te  f o r  e s t i m a t i n g  t h e  e a r l y  deple-  
t i o n  behav io r  of t h e  a q u i f e r s .  The second model w i l l  i n c l u d e  t h e  e f f e c t s  
of  thermal  and k i n e t i c  energy  t r a n s p o r t  i n  t h e  geopres su red  a q u i f e r s .  Th i s  
a d d i t i o n a l  complexi ty  w i l l  be r e q u i r e d  t o  model t h e  long-term behav io r  of 
t h e  geopres su red  geothermal  a q u i f e r s .  Both types  of models w i l l  i n c l u d e  
t h e  e f f e c t s  o f  po re  c o l l a p s e  due t o  f l u i d  wi thdrawal  on r e s e r v o i r  pa rame te r s  
and account  f o r  r e s e r v o i r  h e t e r o g e n e i t y  and an i so t ropy .  The U n i v e r s i t y  o f  
Texas a t  Aus t in  w i l l  be suppor t ed  i n  t h i s  r e s e a r c h  program by Systems, 
Sc ience  and Sof tware ,  Inc . ,  La  J o l l a ,  C a l i f o r n i a ,  under s u b c o n t r a c t .  

The models deve loped  du r ing  t h i s  p r o j e c t  w i l l  be used w i t h  r e s e r v o i r  
parameter  estimates t o  perform s t u d i e s  t o  estimate t h e  u l t i m a t e  recovery  
o f  u s e f u l  energy  from geopres su red  a q u i f e r s  under v a r i o u s  o p e r a t i n g  s t r a t -  
e g i e s .  Such s t u d i e s  w i l l  be necessa ry  t o  p l an  performance tests f o r  p i l o t  
p l a n t  o p e r a t i o n s  and t o  r e f i n e  estimates of  t h e  recovery  from geopressured  
a q u i f e r s  as a d d i t i o n a l  d a t a  become a v a i l a b l e .  

The i n v e s t i g a t i o n s  a r e  t o  be c o o p e r a t i v e l y  coord ina ted  w i t h  a l l  of t h e  
geopressured  geothermal  programs of t h e  U n i v e r s i t y  of  Texas  a t  Aus t in  and 
t h e  Lou i s i ana  S t a t e  U n i v e r s i t y  a t  Baton Rouge a s  r e p o r t e d  i n  S e c t i o n  4.1.  
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P r o j e c t  T i t l e :  

Con t rac t  No: 

Con t rac to r :  

Reconnaissance  Geothermal Resource Assessment of t h e  
Rio Grande Va l l ey ,  Trans-Pecos, Texas 

E(40-1)-5106 

Bureau of  Economic Geology 
U n i v e r s i t y  of  Texas a t  Aus t in  
Aus t in .  Texas 

P r i n c i p a l  C h a r l e s  G. Groa t  
I n v e s t i g a t o r :  (512) 471-1534 

Program Manager: Clayton  R. Nichols  
(202) 376-4914 
FTS 376-4914 

P r o j e c t  Ob jec t ive :  To conduct  a r econna i s sance  l e v e l  e v a l u a t i o n  of t h e  
geothermal  p o t e n t i a l  of t h e  Rio Grande Va l l ey  between 
E l  Paso ,  Texas and Big Bend Na t iona l  Park ,  u t i l i z i n g  
g e o l o g i c  mapping, geochemica l  thermometry and g r a v i t y  
su rveys .  

Funding : FY 75 - -- 
FY 76lTQ - $54K 

Con t rac t  Term: 611176-5/30/77 

Repor t s  I s sued :  None 
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P r o j e c t  T i t l e :  Reconnaissance  Geothermal Resource Assessment of t h e  
Rio Grande Va l l ey ,  Trans-Pecos, Texas 

C o n t r a c t  No: E(40-1)-5106 

SUMMARY 

The p resence  of hot s p r i n g s  and ho t  w e l l s  a long  t h e  Texas p o r t i o n  of t h e  
Rio Grande V a l l e y  i n d i c a t e  t h a t  t h e  thermal  anomaly a s s o c i a t e d  w i t h  t h e  
"Rio Grande R i f t "  i n  N e w  Mexico and Colorado ex tends  southward i n t o  Texas. 
Numerous ho t  sp r ings  occur  a long  t h e  margins  of  t h i s  g raben  system i n  
Texas and they  appear t o  be r e l a t e d  t o  t h e  ma jo r  graben-boundary f a u l t s .  
The f i r s t  phase of t h e  i n v e s t i g a t i o n  w i l l  i nvo lve  t h e  s y n t h e s i s  of pub- 
l i s h e d  r e p o r t s ,  maps, unpubl i shed  t h e s i s  d i s s e r t a t i o n s  and open f i l e  
r e p o r t s  a v a i l a b l e  f o r  t h e  area. P a r t i c u l a r  a t t e n t i o n  w i l l  be g iven  t o  
a p p a r e n t  s t r u c t u r a l  c o n t r o l  of t h e  ho t  s p r i n g s  and t h e  igneous  rocks  of  
t h e  area, and a g r a v i t y  survey  w i l l  be planned. 
i n v o l v e  t h e  sampling of  h o t  s p r i n g s  and w e l l s  f o r  chemica l  a n a l y s i s ,  
g r a v i t y  work and d e t a i l e d  geo log ic  mapping of  t h e  s p r i n g  area. The d a t a  
a c q u i r e d  du r ing  the i n v e s t i g a t i o n  w i l l  be i n t e r p r e t e d  t o g e t h e r  w i t h  
geophys ica l  d a t a  a v a i l a b l e  from t h e  USGS Water Resources .Div i s ion  i n  i t s  
s t u d i e s  of west Texas ground-water bas ins .  
f o r  t h e  i n v e s t i g a t i o n  which will i n c l u d e  recommendations f o r  subsequent  
s t u d i e s  of s p e c i f i c  areas which appear  t o  have a p o t e n t i a l  f o r  geothermal  
development.  

A f i e l d  phase  w i l l  

A r e p o r t  w i l l  be  prepared  
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r s :  

P ogram Man ger  : 

P r o j e c t  Ob jec t ive :  

Funding : 

C o n t r a c t  Te rm:  

Repor t s  I s sued :  

Eva lua t ion  and T a r g e t i n g  of Geothermal Energy 
Resources  i n  t h e  S o u t h e a s t e r n  Uni ted  S t a t e s  

E(40-1)-5103 

V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e  
and S t a t e  U n i v e r s i t y  

John K. Cos t a in  
(703) 951-6310 

L. Glover 111 
(703) 951-6310 

A .  K. Sinha 
(703) 951-6310 

C lay ton  R. N icho l s  
(202)  376-4914 
FTS 376-4914 

To deve lop  and app ly  a methodology f o r  t a r g e t i n g  
r ad iogen ica l ly -de r ived  geothermal  r e s e r v o i r s  i n  t h e  
Sou theas t e rn  Uni ted  S t a t e s .  

FY 75 - -- 
FY 76ITQ - $231K 

5 I 1  I7 6-1 0 I3  1 I7 6 

None 

2-30 September 1,1976 

P r o j e c t  T i t l e :  Eva lua t ion  and T a r g e t i n g  of Geothermal Energy 
Resources  i n  t h e  Sou theas t e rn  Uni ted  S t a t e s  

C o n t r a c t  No: E(40-1)-5103 

SUMMARY 

The optimum si tes f o r  geothermal  development i n  t h e  e a s t e r n  Uni ted  
S t a t e s  w i l l  p robably  be  a s s o c i a t e d  wi th  a r e a s  of r e l a t i v e l y  h igh  h e a t  
f l ow d e r i v e d  from c r u s t a l  igneous  rocks  c o n t a i n i n g  r e l a t i v e l y  h igh  
c o n c e n t r a t i o n s  of  r a d i o g e n i c  hea t -producing  e l emen t s .  Commercially 
e x p l o i t a b l e  r e s e r v o i r s  w i l l  occur  where c r u s t a l  r a d i o g e n i c  h e a t  s o u r c e s  
a r e  o v e r l a i n  by poor ly  conduc t ive  sed imen t s  c o n t a i n i n g  f a v o r a b l e  reser- 
v o i r  c o n d i t i o n s .  I n  o r d e r  t o  s y s t e m a t i c a l l y  l o c a t e  t h e s e  si tes,  a 
methodology employing g e o l o g i f a l ,  geochemica l  and g e o p h y s i c a l  t echn iques  
i s  b e i n g  developed  and a p p l i e d .  

The i n i t i a l  phase  of t h e  i n v e s t i g a t i o n  has  been  aimed a t  deve lop ing  a 
methodology f o r  l o c a t i n g  r a d i o g e n i c  h e a t  s o u r c e s  b u r i e d  benea th  t h e  
i n s u l a t i n g  sed imen ta ry  r o c k s  of  t h e  c o a s t a l  p l a i n  of  South C a r o l i n a ,  
North C a r o l i n a ,  and V i r g i n i a .  P r e l i m i n a r y  r e s u l t s  of t h e  t empera tu re  
g r a d i e n t  and the rma l  c o n d u c t i v i t y  measurements i n  20 e x i s t i n g  h o l e s  i n  
South C a r o l i n a  i n d i c a t e  t h a t  c o a s t a l  p l a i n  c o n d i t i o n s  are optimum f o r  
sha l low,  r a d i o g e n i c a l l y  r e l a t e d  h o t  wa te r  p roduc t ion .  The ave rage  
observed  g r a d i e n t  measured was approx ima te ly  3OoC/ k i lome te r .  
t he rma l  c o n d u c t i v i t i e s  are s u f f i c i e n t l y  low t h a t  even  a b u r i e d  radio- 
g e n i c  s o u r c e  wi th  a low c o n c e n t r a t i o n  of hea t -producing  e l emen t s  w i l l  
p rov ide  s u f f i c i e n t  h e a t  f o r  an a c c e s s i b l e  low t empera tu re  r e s e r v o i r .  
The r a d i o g e n i c  d i s t r i b u t i o n  w i t h i n  t h e  igneous  rocks  of v a r i o u s  a g e s  
and magma t y p e s  w i l l  be de te rmined  by a c o r r e l a t i o n  between r ad ioe lemen t  
compos i t ion  and t h e  rocks  b u l k  chemis t ry .  

Measured 
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P r o j e c t  T i t l e :  A Reconnaissance  Study o f  Mine-Water Temperatures i n  
Hardrock Mining D i s t r i c t s  of Montana 

C o n t r a c t  No: E(45-1)-2426* 

C o n t r a c t o r :  Montana Co l l ege  of Minera l  Sc ience  and Technology 
Bu t t e ,  Montana 

P r i n c i p a l  John L. Sonderegger 
I n v e s t i g a t o r :  (406) 792-8321, e x t .  241 

Program Manager: Clayton  K. Nichols  
(202) 376-4914 
FTS 376-4914 

P r o j e c t  Ob jec t ive :  To conduct a r econna i s sance  e v a l u a t i o n  of anomolous 
t empera tu res  i n  wes te rn  Montana through i n v e s t i g a t i o n s  
of  mine-water t empera tu re  and water chemis t ry .  

Funding: FY 75 - -- 
FY 76/TQ - $20K 

Con t rac t  Term: 5115176-5/14/77 

Repor ts  I s sued :  None 

___-___---_____--- 
* This  p r o j e c t  encompasses Task Agreement No. 2 under  t h e  r e fe renced  

c o n t r a c t .  
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P r o j e c t  T i t l e :  

Con t rac t  No: 

3 

A Reconnaissance Study of  Mine-Water Temperatures i n  
Hardrock Mining D i s t r i c t s  of Montana 

E(45-1)-2426 

SUMMARY 

Reconnaissance  i n v e s t i g a t i o n s  of mine-water t empera tu res  p rov ide  a c o s t  
e f f e c t i v e  means of l o c a t i n g  the rma l  anomolies i n  advance of  more c o s t l y  
and t i m e  consuming geophys ica l  t echn iques .  The s tudy  will c o n s i s t  of  a 
s y s t e m a t i c  sampling f o r  t empera tu re  and c o n d u c t i v i t y  of  mine-water i n  
199 ha rd rock  mining d i s t r i c t s  i n  wes te rn  Montana. 
i n d i v i d u a l  mines w i l l  be sampled and sampling w i l l  be r epea ted  3 times 
i n  a r e a s  accessab le  throughout  t h e  y e a r  i n  o r d e r  t o  obse rve  any s e a s o n a l  
v a r i a t i o n s .  Flow of  water a t  t h e  sampling p o i n t  w i l l  be e s t i m a t e d  and 
waters having  a tempera ture  of 40°C o r  g r e a t e r  w i l l  be c o l l e c t e d  accord- 
i ng  t o  s t a n d a r d  thermal  water sampling t echn iques  and ana lyzed  i n  t h e  
Montana Bureau of  Mines and Geology l a b o r a t o r y .  An e v a l u a t i o n  of  t h e  
d i s t r i b u t i o n  of anomolous t empera tu res  and water chemis t ry  w i l l  be poss i -  
b l e  as a r e s u l t  o f  t h e  broad geographic  d i s t r i b u t i o n  of t h e  mining 
d i s t r i c t s .  

Approximately 750 

September 1, 1976 



2.3 Reservoir Confirmation 

P r o j e c t  T i t l e :  Cos0 Geothermal P r o j e c t  

C o n t r a c t  No: E(45-1)-1830 

Con t rac to r :  B a t t e l l e  P a c i f i c  Northwest Labora tory  
Richland ,  Washington 

P r i n c i p a l  Joseph  W. Upton 
I n v e s t i g a t o r :  (509) 946-2689 

FTS 444-7411, Ext. 946-2689 

Program Manager: Mar t in  R. Scheve 
(202) 376-4902 
FTS 376-4902 

P r o j e c t  Ob jec t ive :  C h a r a c t e r i z a t i o n  of  t h e  Cos0 geothermal  r e source  
us ing  h e a t  f low s t u d i e s  and s l im-hole  d r i l l i n g .  

Funding: FY 75 - -- 
FY 76ITQ - $1310K* 

Con t rac t  Term: 711175-9130177 

Repor t s  I s sued :  None 

* i n c l u d e s  $135K t o  Naval Weapons Cen te r  f o r  s u p p o r t  a c t i v i t i e s .  
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P r o j e c t  T i t l e :  Cos0 Geothermal P r o j e c t  

C o n t r a c t  No: E(45-1)-1830 

SUMMARY 

Bat te l le  Memorial I n s t i t u t e ,  P a c i f i c  Northwest Labora tory  (PNL) i s  
unde r t ak ing  a r e s e a r c h  p r o j e c t  i n  s e a r c h  of geothermal  Hot Dry Rock 
r e s o u r c e s  a t  t he  Cos0 Geothermal anomaly us ing  s l im-hole  ( <  4-inch 
d i ame te r )  d r i l l i n g  as a primary e x p l o r a t i o n  t echn ique ,  t o g e t h e r  w i t h  
t h e  u s u a l  geophys ica l  s u r f a c e  su rveys  t o  o b t a i n  i n f o r m a t i o n  a t  dep th  
(up t o  5 ,000  f e e t )  e a r l y  i n  t h e  e x p l o r a t i o n  p r o j e c t .  

Cos0 Hot Spr ings ,  n e a r  China Lake, C a l i f o r n i a ,  o f f e r s  a h igh  p r o b a b i l i t y  
of  f i n d i n g  a ho t  d r y  rock  source ,  and t h e  Naval Weapons Cen te r  (NWC) and 
United S t a t e s  Geo log ica l  Survey (USGS) have a l r e a d y  done e x t e n s i v e  geo- 
p h y s i c a l  and g e o l o g i c a l  r e s e a r c h  of  t h e  area. 

About 1 5  h e a t  f low h o l e s  have been d r i l l e d  by PNL t o  d e p t h s  of  about  
300 f e e t ,  and a se i smic  mon i to r ing  network f o r  bo th  ground n o i s e  and 
microse ismic  a c t i v i t y  has  been e s t a b l i s h e d .  Two t o  f o u r  slim h o l e s  t o  
abou t  4,000 f e e t  w i l l  p rov ide  t h e  c o n t r o l  and means t o  e v a l u a t e  t h e  
anomoly. 

Bat te l le  w i l l  work wi th  t h e  U n i v e r s i t y  of  Texas a t  Dallas on  h e a t  f low 
and se i smic  a n a l y s i s  and NWC on l o g i s t i c s ,  s i t e  p r e p a r a t i o n ,  environmen- 
t a l  a n a l y s i s .  USGS w i l l  con t inue  t h e i r  work a t  t h e  s i t e  and w i l l  sup- 
p o r t  t h e  p r o j e c t  w i t h  c o r e  examinat ion  and water sample a n a l y s i s .  L i -  
a i s o n  w i l l  be e s t a b l i s h e d  wi th  t h e  C a l i f o r n i a  S t a t e  Geothermal O f f i c e s .  
The p r o j e c t  w i l l  be coord ina ted  w i t h  t h e  h o t  d ry  rock  p r o j e c t s  of  t h e  
Los Alamos S c i e n t i f i c  Labora tory .  
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P r o j e c t  T i t l e :  S t a t i c  and Dynamic Well T e s t  o f  t h e  Delcambre Well, 
Lou i s i ana  

C o n t r a c t  No: E (40-1 )-5 140 

C o n t r a c t o r  : Osborn-Hodges-Roberts-Wieland Engineer ing  
Bryan, Texas 

P r i n c i p a l  W. F. Osborn 
I n v e s t i g a t o r :  (713) .779-2732 or  

779-2733 

Program Manager: Ke i th  Westhusing 
( 2 0 2 )  376-4902 
FTS 376-4902 

P r o j e c t  Ob jec t ive :  To measure t h e  g a s  c o n t e n t ,  t empera tu re .  p r e s s u r e ,  
composi t ion ,  and c h a r a c t e r  of geopres su re  f l u i d s  and 
t h e  c h a r a c t e r  of geopres su red  fo rma t ions  t o  de t e rmine  
t h e i r  p r o d u c t i v i t y  so t h a t  a more a c c u r a t e  economic 
a n a l y s i s  of  t h e  geothermal  geopressured  r e s o u r c e  may 
be made. 

Funding : FY 75 - -- 
FY 76lTQ - $1,453K 

C o n t r a c t  Term: 811176-3/31/77 
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P r o j e c t  T i t l e :  S t a t i c  and Dynamic Well Test of t h e  Delcambre Well, 
Lou i s i ana  

C o n t r a c t  No: E(40-1)-5140 

SUMMARY 

T h i s  p r o j e c t ' s  purpose is t o  o b t a i n  d a t a  on t h e  geopres su red  r e s o u r c e  by 
per forming  s t a t i c  and dynamic tests i n  an e x i s t i n g  n a t u r a l  g a s  w e l l :  
t h e  14.000-foot Delcambre #l  i n  E l  T i g r e  Lagoon, East Vermi l l i on  P a r i s h ,  
Lou i s i ana .  Two v i r g i n  geopres su red  fo rma t ions  w i l l  be  sampled and f low 
t e s t e d  between 12,500 and 12,900 f e e t .  F l u i d  samples  w i l l  be  ana lyzed  
by McNeese Unive r s i ty  under  c o n t r a c t  number E(40-1)-4937 as r e p o r t e d  i n  
S e c t i o n  2.3. Other l a b o r a t o r i e s  w i l l  perform similar a n a l y s e s  f o r  
v e r i f i c a t i o n .  

Osborn-Hodges-Roberts-Wieland w i l l  b e  r e s p o n s i b l e  f o r  necessa ry  s e r v i c e s  
and equipment to p r e p a r e  t h e . s i t e ,  rework t h e  w e l l ,  per form o n - s i t e  
t e s t i n g ,  and ensure  t h e  clean-up and necessa ry  r e p o r t i n g .  They w i l l  
comply wi th  a l l  a p p l i c a b l e  l o c a l ,  s ta te ,  and Fede ra l  l a w s ,  r e g u l a t i o n s ,  
and requi rements  r e l a t e d  t o  t h e  o p e r a t i o n s  on t h e  geopres su red  w e l l .  

The r e p o r t  on t h e  r e s u l t s  of t h e  work w i l l  i n c l u d e  t h e  measured q u a n t i t y  
of  g a s  en t r a ined  i n  processed  geopres su red  f l u i d s ,  t h e  compos i t ion  and 
c h a r a c t e r  of  the  f l u i d s ,  t h e  c h a r a c t e r  of t h e  geopres su red  fo rma t ion  and 
t h e  r e s u l t s  of f low tests performed t o  de t e rmine  r e s e r v o i r  p r o d u c t i v i t y  
and p o s s i b l e  problems a s s o c i a t e d  w i t h  product ion .  
improved s t a t i c  and dynamic test methods will a l s o  b e  inc luded .  

Recommendations f o r  

Repor t s  I s sued :  None 
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P r o j e c t  T i t l e :  Analyses  of  F l u i d  Samples from Geopressured 
Format ions  of  t h e  Delcambre Well, Louis iana  

C o n t r a c t  No: E(40-1)-4937 

C o n t r a c t o r :  McNeese S t a t e  U n i v e r s i t y  
Lake Char l e s ,  Lou i s i ana  

P r i n c i p a l  0. C a r r o l  K a r k a l i t s  
I n v e s t i g a t o r :  (318) 478-8070 

Program Manager: Ke i th  Westhusing 
(202)  376-4902 
FTS 376-4902 

P r o j e c t  Ob jec t ive :  To conduct p h y s i c a l  and chemica l  ana lyses  Of f l u i d  
samples  from t h e  Delcambre W e l l  t aken  from s u r f a c e  
f low l i n e  l o c a t i o n s  under c o n d i t i o n s  approaching in- 
s i t u  v a l u e s .  

Funding : FY 75 - $23713 
FY 76lTQ - $240K 

Con t rac t  Term: 611175-3/31/77 

Repor t s  I s sued :  None 
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P r o j e c t  T i t l e :  Analyses  of F l u i d  Samples from Geopressured  
Format ions  of  t h e  Delcambre Well, Lou i s i ana  

Con t rac t  No: E(40-1)-4937 

SUMMARY 

The purpost? of t h i s  p r o j e c t  i s  t o  conduct  a n a l y s e s  of  t h e  f l u i d  samples  
t aken  from t h e  two geopres su red  sands  of t h e  Delcambre Well, Lou i s i ana .  
Samples w i l l  be t aken  under c o n d i t i o n s  of  t empera tu re  and p r e s s u r e  
approaching  i n - s i t u  v a l u e s  and from s u r f a c e  f low l i n e  l o c a t i o n s .  Tests 
w i l l  be  performed on f l u i d  samples  t o  de t e rmine :  

I. V i s c o s i t y ,  d e n s i t y ,  c o m p r e s s i b i l i t y  

2. T o t a l  d i s s o l v e d  s o l i d s  ( i n c l u d i n g  s i l i c a )  

3. S a l i n i t y  

4. Disso lved  g a s  c o n t e n t  

5. To t a l  und i s so lved  s o l i d s  

Gas r e l e a s e d  from t h e  sample  v e s s e l s  w i l l  be  measured f o r  t h e i r  t o t a l  
volume. 
ammonia, e t c . ,  by g a s  l i q u i d  chromatography. Hydrocarbon c o n t e n t  w i l l  
be  f u r t h e r  ana lyzed  f o r  i n d i v i d u a l  c o n s t i t u e n t s  (e.g. ,  methane, e t h a n e ,  
e t c . ) .  

Sampling and a n a l y s i s  methodology and a n a l y s i s  r e s u l t s  w i l l  be  
i n c o r p o r a t e d  i n  t h e  f i n a l  r e p o r t  w i th  d a t a  r e s u l t i n g  from t h e  s t a t i c  and 
dynamic well-test  c o n t r a c t  performed on t h e  Delcambre w e l l  by Osborn- 
Hodges-Roberts-Wieland Eng inee r ing  under c o n t r a c t  number E(40-1)-5140 as 
r e p o r t e d  i n  S e c t i o n  2.3. 

Released  g a s  w i l l  be  ana lyzed  f o r  C02 and hydrocarbons  and 

T h i s  c o n t r a c t  w a s  o r i g i n a l l y  t i t l e d  " I n v e s t i g a t i o n  and D e f i n i t i o n  of 
Pa rame te r s  Assoc ia t ed  w i t h  T e s t i n g  Geopressured  Water" and w a s  performed 
wi th  a s u b c o n t r a c t  t o  Osborn-Hodges Engineer ing .  That  c o n t r a c t  r e s u l t e d  
i n  t h e  a c q u i s i t i o n  of a geopres su red  w e l l ,  t h e  Delcambre # l ,  and t h e  
development of a s t a t i c  and dynamic test p l a n  f o r  de t e rmin ing  t h e  n a t u r e  
of  geopres su red  fo rma t ions  and t h e i r  e n t r a i n e d  f l u i d s .  E f f e c t i v e  August 
1, 1976, Osborn-Hodges-Roberts-Wieland w i l l  per form t h e  well-tests and 
sample a c q u i s i t i o n s .  
f i e d  t o  c o n s i s t  of per forming  t h e  a n a l y s e s  of  t h e  geothermal  f l u i d s  from 
t h e  w e l l  i n  accordance  w i t h  t h e  above summary. 

The McNeese U n i v e r s i t y  scope-of-work h a s  been  modi- 
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3.0 HYDROTHERMAL TECHNOLOGY APPLICATIONS 

The o b j e c t i v e  of t h e  Hydrothermal Technology A p p l i c a t i o n s  subprogram 
is  t o  e s t a b l i s h  t h e  t e c h n i c a l  f e a s i b i l i t y  of  u s ing  l iquid-dominated 
geothermal  r e s o u r c e s  f o r  bo th  e l e c t r i c  power g e n e r a t i o n  and n o n e l e c t r i c  
u ses .  Development e f f o r t  w i l l  p r o g r e s s  s y s t e m a t i c a l l y  from the  t e s t i n g  
of components th rough subsys tems and p r o c e s s e s  i n  f i e l d  t e s t  f a c i l i t i e s ,  
t o  s c a l e d  t e s t i n g  of i n t e g r a t e d  energy  conve r s ion  o r  u t i l i z a t i o n  sys tems 
i n  p i l o t  p l a n t s .  Es t ab l i shmen t  of t h e  t e c h n i c a l  f e a s i b i l i t y  i n  such  
p l a n t s  is des igned  t o  reduce  t h e  t e c h n i c a l  r i s k  t o  a l e v e l  t h a t  is reas- 
onably a c c e p t a b l e  and a t t r a c t i v e  t o  i n d u s t r y .  (Subsequently,  demonstra- 
t i o n  of economic f e a s i b i l i t y  w i l l  be t h e  o b j e c t i v e  of t h e  U t i l i z a t i o n  
Experiment Subprogram.) The programs concerned wi th  t es t  f a c i l i t i e s  and 
p i l o t  p l a n t s  w i l l  o b t a i n  t e c h n i c a l  o p e r a t i n g  d a t a  under ac tua l  f i e l d  
tes t  c o n d i t i o n s  i n  o r d e r  t o  e s t a b l i s h :  a b i l i t y  of  developed components 
and sys tems t o  meet performance and r e l i a b i l i t y  c r i t e r i a ;  sus t a ined  
c a p a c i t y  of  geothermal  r e s e r v o i r s  and geo log ic  fo rma t ions  to produce 
f l u i d s  and accep t  r e j e c t e d  b r i n e s ;  s u i t a b i l i t y  of  environmental  con- 
t r o l  t echnology;  e f f e c t i v e n e s s  of  deve loped  t echn iques  and methods, 
such  a s  w e l l  s t i m u l a t i o n  and b r i n e  c o n d i t i o n i n g  f o r  r e i n j e c t i o n ;  and 
o t h e r  parameters  e s s e n t i a l  t o  f u l l - s c a l e  commercial demonst ra t ions .  

3 
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3.0 HYDROTHERMAL TECHNOLOGY APPLICATIONS 

A c t i v e  C o n t r a c t s  

3.1 E l e c t r i c  Power 

3.1.1 High Temperature Resources  

LLL I n d u s t r i a l  Suppor t  Program (ISP).................... 
Lawrence Livermore Labora to ry  

Rese rvo i r  Engineer ing  and Resource U t i l i z a t i o n  Suppor t . .  
Lawrence Berke ley  Labora to ry  

ERDA Geothermal Component T e s t  Facility................. 
U.S. Department of t h e  I n t e r i o r  
Bureau of Reclamat ion  

E l e c t r i c  Power Genera t ion  Using Geothermal Br ine  
Resources............................r.................. 
Bech te l  Corpora t ion  

P lann ing  and Design of ERDA Geothermal Component T e s t  
F a c i l i t y ,  Phase  IB...................................... 
TRW Systems Group, TRW, Inc .  

Thermal Loop Exper imenta l  Facility...................... 
San Diego Gas and E l e c t r i c  Company 

3.1.2 Moderate Temperature Resources  

Raf t  River  Geothermal Project........................... 
Idaho  Na t iona l  Eng inee r ing  Labora to ry  

3.1.3 Magmatic Resources  

Hawaii Geothermal P r o j e c t  - Phase  I1 .................... 
U n i v e r s i t y  of Hawaii 

3.2 N o n e l e c t r i c  A p p l i c a t i o n s  

Space Heat ing  f o r  Commercial Bu i ld ings  i n  Boise ,  
Idaho ,  and Other Non-Elec t r ic  A p p l i c a t i o n s  of 
Geothermal Heat......................................... 
Idaho  Na t iona l  Eng inee r ing  Labora to ry  
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3.2 N o n e l e c t r i c  A p p l i c a t i o n s  ( con t inued)  

S u s a n v i l l e  Geothermal Energy Project.................... 3-14 
C i t y  of S u s a n v i l l e ,  C a l i f o r n i a  

Eva lua t ion  and Design of Downhole Heat Exchangers f o r  
D i r e c t  A p p l i c a t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-15 
Oregon I n s t i t u t e  of Technology 
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P r o j e c t  T i t l e :  LLL I n d u s t r i 3 1  Suppor t  Program ( ISP)  

C o n t r a c t  No: W-7405-ENG-48 

C o n t r a c t o r :  Lawrence Livermore Labora to ry  
Livermore.  C a l i f o r n i a  

P r i n c i p a l  F. Holzer  
I n v e s t i g a t o r s :  (415) 447-1100, Ext. 8301 

FTS 457-8301 

, A. L. Aus t in  
' (415) 447-1100, Ext. 3946 

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

C o n t r a c t  Term: 

Repor t s  I s sued :  

FTS 457-3946 

A. G. F o l l e t t  
(202)  376-4905 
FTS 376-4905 

To p rov ide  t e c h n i c a l  s u p p o r t  t o  j o i n t  ERDAIindustry 
programs which i n v o l v e  s c a l i n g  and c o r r o s i o n  problems 
a s s o c i a t e d  wi th  t h e  h igh  t empera tu re ,  h igh  s a l i n i t y  
hydro thermal  r e source .  

FY 75 - -- 
FY 76/TQ - $625K 

711 175-9130177 

None 

P r o j e c t  T i t l e :  LLL I n d u s t r i a l  Suppor t  Program ( ISP)  

Con t rac t  No: W-7405-ENG-48 

The primary o b j e c t i v e  of t h e  LLL I n d u s t r i a l  Support  Program ( ISP)  i s  
t o  c a r r y  o u t  r e l evan t  r e s e a r c h  i n v e s t i g a t i o n s  i n  p o t e n t i a l  problem a r e a s  
i n  o r d e r  t o  broaden o p p o r t u n i t i e s  f o r  s o l u t i o n s  and p rov ide  a l t e r n a t e  
approaches  where needed, and t o  p rov ide  ad  hoc RbD a s s i s t a n c e  t o  h e l p  
s o l v e  c r i t i c a l  problems t h a t  may a r i s e  d u r i n g  t h e  o p e r a t i o n s  of j o i n t  
ERDAfindustry p r o j e c t s .  
e f f e c t i v e  t r a n s f e r  of geothermal  e x p e r t i s e  and technology developed  a t  
LLL . 

The ISP w i l l  a l s o  p rov ide  a mechanism f o r  

The g e n e r a l  t h r u s t  of t h e  ISP i s  embodied i n  t h e  fo l lowing  major 
t e c h n i c a l  a r e a s  and t a s k s  t o  be  addres sed  d u r i n g  FY 1977: 

A. B r ine  Chemistry and M a t e r i a l s  

1. 
2 .  Br ine  C h a r a c t e r i z a t i o n  
3. S c a l e  Control 
4. Corros ion  T e s t s  

Suspended S o l i d s  Composition and Handling P rocedures  

B. Materials Evalua t ion  and Development 

C.  R e i n j e c t i o n  and Rese rvo i r  Modeling 

D. 

E a r l y  l a b o r a t o r y  success  w a s  ach ieved  du r ing  FY 1976 i n  us ing  gamma 
rad iog raphy  f o r  in-process s u r v e i l l a n c e  of s c a l e  format ion .  

Energy Conversion and Systems Eng inee r ing  
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P r o j e c t  T i t l e :  Rese rvo i r  Eng inee r ing  and Resource I J t  i l i z a t i o n  Suppor t  

C o n t r a c t :  W-7405-ENG-48 

C o n t r a c t o r :  Lawrence Berke ley  Labora to ry  
Berke ley ,  C a l i f o r n i a  

P r i n c i p a l  R. J. Budni tz  
I n v e s t i g a t o r s :  (415) 843-2740, Ext.  5110 

FTS 451-5110 

K. Mirk 
(415) 843-2740, Ext.  5275 
FTS 451-5275 

Program Manager: A. G. F o l l e t t  
(202) 376-4905 
FTS 376-4905 

P r o j e c t  Ob jec t ive :  To p rov ide  r e s e r v o i r  e n g i n e e r i n g  s u p p o r t  and 
t e c h n i c a l  a s s i s t a n c e  i n  p l ann ing  t h e  des ign ,  con- 
s t r u c t i o n ,  o p e r a t i o n  and management of t he  ERDA 
Geothermal Component T e s t  F a c i l i t y .  

Funding : FY 75 - $400K 
FY 76/TQ - $462K 

C o n t r a c t  Term: 7/1/74-9/30/77 

Repor t s  I s sued :  "High Temperature,  Low S a l i n i t y  Geothermal Test 
F a c i l i t y , "  Energy and Environment Div i s ion ,  
Lawrence Berke ley  Labora to ry  r e p o r t  UCID-3720 
( A p r i l  1975) 

P r o j e c t  T i t l e :  Rese rvo i r  Eng inee r ing  and Resource U t i l i z a t i o n  Suppor t  

Con t rac t :  W-7405-ENG-48 

SUMMARY 

LBL h a s  a c t e d  as t h e  t e c h n i c a l  r e p r e s e n t a t i v e  f o r  ERDA i n  t h e  i n t e r a g e n c y  
agreement wi th  t h e  U.S. Bureau of Reclamat ion  (USBR), under c o n t r a c t  
number E(49-27)-1003 as r e p o r t e d  i n  S e c t i o n  3.1.1, f o r  t h e  d e s i g n  and 
c o n s t r u c t i o n  of Phase I A  of  t h e  ERDA Geothermal Component T e s t  F a c i l i t y  
l o c a t e d  a t  t h e  USBR East Mesa s i t e  i n  t h e  I m p e r i a l  Va l l ey  of s o u t h e r n  
C a l i f o r n i a .  Design and s p e c i f i c a t i o n s  f o r  Phase  I A  have  been  completed.  
Cons t ruc t ion  began i n  t h e  summer of 1976 and i s  scheduled  f o r  comple t ion  
i n  November 1976. 

I n  a d d i t i o n  t o  p rov id ing  t e c h n i c a l  a s s i s t a n c e  f o r  d e s i g n  and 
c o n s t r u c t i o n  of t h e  f a c i l i t y ,  LBL i s  deve lop ing ,  and w i l l  implement,  t h e  
f a c i l i t y  management p l a n  and t e s t  program. 

During t h e  d e s i g n  of Phase  I B  o f  t h e  ERDA Geothermal Component T e s t  
F a c i l i t y ,  LBL w i l l  c o n t i n u e  t o  a c t  as t h e  t e c h n i c a l  r e p r e s e n t a t i v e  f o r  
ERDA, p r o v i d i n g  t e c h n i c a l  a s s i s t a n c e  t o  TRW Systems Group. TRW i s  
per forming  t h e  Phase  I B  d e s i g n  under c o n t r a c t  number E(04-3)-1140 as 
r e p o r t e d  i n  S e c t i o n  3.1.1. 
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P r o j e c t  T i t l e :  

Con t rac t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

C o n t r a c t  T e r m :  

Repor t s  I s sued :  

ERDA Geothermal Component T e s t  F a c i l i t y  

E(49-27)-1003 

U.S. Department of t h e  I n t e r i o r  
Bureau of Reclamat ion  
Washington, D.C. 

Kenneth Fu lche r  (Bur. of Rec lamat ion ,  Boulder C i t y ,  Nev.) 
(702) 293-8434 
FTS 598-7434 

A. G. F o l l e t t  
(202) 376-4905 
FTS 376-4905 

To d e s i g n  and c o n s t r u c t  Phase  I A  of t h e  ERDA 
Geothermal Component T e s t  F a c i l i t y .  

FY 75 - $1,04OK 
FY 76fTQ - -- 

6/20/75-12/31/76 

" P r o j e c t  Development P lan  f o r  Eas t  Mesa Geothermal 
T e s t  Center , "  Bureau of Reclamation (March 1975) 

P r o j e c t  T i t l e :  ERDA Geothermal Component Test F a c i l i t y  

Con t rac t  No: E (49-27) -1003 

SUMMARY 

The ERDA Geothermal Component Test F a c i l i t y ,  l o c a t e d  a t  t h e  U.S. Bureau 
of Reclamation (USBR) E a s t  Mesa s i t e  i n  t h e  I m p e r i a l  V a l l e y  of s o u t h e r n  
C a l i f o r n i a ,  w i l l  be  u t i l i z e d  f o r  t e s t i n g  components and subsys tems i n  a 
h igh  tempera ture ,  low s a l i n i t y  environment.  USBR is  r e s p o n s i b l e  f o r  t h e  
d e s i g n  and c o n s t r u c t i o n  of Phase  I A  of t h e  f a c i l i t y .  On comple t ion ,  USBR 
w i l l  p rov ide  maintenance and suppor t  s e r v i c e s .  As r e p o r t e d  i n  s e c t i o n  
3.1.1, Lawrence Berke ley  Labora to ry  f u n c t i o n s  as  t h e  t e c h n i c a l  r e p r e s e n t a -  
t i v e  f o r  ERDA du r ing  des ign ,  c o n s t r u c t i o n  and o p e r a t i o n  of t h e  f a c i l i t y .  

Design and s p e c i f i c a t i o n s  f o r  Phase  I A  of t h e  f a c i l i t y  are completed.  
C o n s t r u c t i o n  of Phase  I A  s t a r t e d  i n  t h e  summer of 1976 and i s  scheduled  
f o r  comple t ion  i n  Ntivember 1976. 

3.1.1 High Temperature Resources 3-5 Revised September 1, 1976 
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c  i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding : 

C o n t r a c t  Term: 

Repor ts  I s sued :  

E l e c t r i c  Power Genera t ion  Using Geothermal Br ine  
R e  sou rces  

E(04-3)-1124 

Bech te l  Corpora t ion  
San F ranc i sco ,  C a l i f o r n i a  

Lawrence 0. B e a u l a u r i e r  
(415) 764-5914 

A. G. F o l l e t t  
(202) 376-4905 
FTS 376-4905 

Development of concep tua l  d e s i g n s ,  c a p i t a l  c o s t  
estimates and c o n s t r u c t i o n  s c h e d u l e s  f o r  two 
commerc ia l - sca le  (50  MWe) power p l a n t s  u t i l i z i n g  
two types  of  geothermal  r e s e r v o i r s :  h igh  tempera- 
t u r e ,  h igh  s a l i n i t y  and h igh  tempera ture ,  modera te  
s a l i n i t y  . 
FY 75 - $269K 
FY 76ITQ - S152K 

6130175-7/16/76 

" E l e c t r i c  Power Genera t ion  Using Geothermal Br ine  
Resources  f o r  a Proof-of-Concept F a c i l i t y , "  Bech te l  
Corpora t ion  r e p o r t  NSF-RA-N-75-049 prepared  under 
Phase  0 s t u d y  f o r  N a t i o n a l  Sc ience  Foundation 
(May 1975) 

"Conceptual Design of  Commercial 50 MWe (Net) 
Geothermal Power P l a n t s  a t  Heber and Niland, 
C a l i f o r n i a , "  Bech te l  Corpora t ion  r e p o r t  ( J u l y  1976) 

P r o j e c t  T i t l e :  E l e c t r i c  Power Genera t ion  Using Geothermal Br ine  
R e  s o u r c e s  

Con t rac t  No: E(04-3)-1124 

SUMMARY 

Work i n v o l v e s  t h e  development of t h e  fo l lowing  in fo rma t ion :  

o A c o n c e p t u a l  d e s i g n ,  c a p i t a l  c o s t  e s t i m a t e  and c o n s t r u c t i o n  
schedu le  f o r  a commerc ia l - sca le  (50  MWe) power p l a n t ,  based  on 
t h e  d i r e c t  f l a s h  s team-process ,  Heber-type s i t e  d a t a ,  and ex- 
t r a p o l a t i o n  from t h e  10 MWe d e s i g n  completed under t h e  Phase  0 
s tudy .  

o Based on t h e  h igh  s a l i n i t y ,  and t h e  h igh  c o r r o s i v e  and s c a l i n g  
c h a r a c t e r  of t h e  Niland-type b r i n e s ,  s t a t e -o f - the -a r t  c a n d i d a t e  
energy  conve r s ion  p r o c e s s e s  w i l l  be i d e n t i f i e d  a s  a p p l i c a b l e  t o  
s i t e s .  

o Techn ica l  and economic c r i t e r i a  w i l l  be deve loped  f o r  use  i n  
s e l e c t i n g  c a n d i d a t e  p rocesses .  

o The c o n c e p t u a l  d e s i g n ,  c a p i t a l  c o s t  e s t i m a t e  and c o n s t r u c t i o n  
schedu le  of  a power p l a n t  f o r  t h e  Niland-type s i t e  u t i l i z i n g  t h e  
most f a v o r a b l e  energy  conve r s ion  p rocess  s e l e c t e d  f o r  t h e  Ni land  
s i t e  r e s e r v o i r  d a t a .  

o The e f f e c t s  on t h e  d e s i g n  and on t h e  economics of  geothermal  
(hydro thermal )  power p l a n t s  caused  by a p r e d i c t e d  t i m e w i s e  
d e c l i n e  i n  a v a i l a b l e  r e s e r v o i r  t empera tu res .  

o The r e l a t i v e  merits of desupe rhea t ing  an o r g a n i c  working- f lu id  
i n  t h e  b i n a r y  c y c l e  by use  of r e g e n e r a t i v e  h e a t  exchange as 
opposed t o  d e s u p e r h e a t i n g  i n  t h e  condenser .  
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

C o n t r a c t  Term:  

Repor ts  I s sued :  

P lann ing  and Design of ERDA Geothermal Component 
T e s t  F a c i l i t y ,  Phase  I B  

E(04-3)-1140 

TRW Systems Group, TRW, Inc .  
Redondo Beach, C a l i f o r n i a  

R. 0. Pearson  
(213) 536-3340 

A. G. F o l l e t t  
(202) 376-4905 
FTS 376-4905 

To p rov ide  drawings ,  s p e c i f i c a t i o n s  and p r e l i m i n a r y  
c o s t  e s t i m a t e s  f o r  t h e  ERDA Geothermal Component T e s t  
F a c i l i t y .  

FY 75 - -- 
FY 76/TQ - $215K 

311176-9/15/76 

"Exper imenta l  Geothermal Research F a c i l i t i e s  Study 
(Phase  O)." Volumes I and  11, TRW Systems Group F i n a l  
Repor t  No. 26405-6001-RU-00 p repa red  f o r  t h e  Na t iona l  
Sc ience  Foundat ion  (December 31, 1974) 

3 3 

P r o j e c t  T i t l e :  P l ann ing  and Design of ERDA Geothermal Component 
T e s t  F a c i l i t y ,  Phase  I B  

C o n t r a c t  No: E(04-3)-1140 

SUMMARY 

TRW Systems Group, under sponsor sh ip  of t h e  N a t i o n a l  Sc ience  Foundat ion ,  
performed a Phase 0 s t u d y  f o r  a n  East Mesa geothermal  test  f a c i l i t y .  The 
r e s u l t s  of  t h a t  s tudy  ( r e p o r t e d  i n  Appendix A.6) i n c l u d e  a recommended 
implementa t ion  plan f o r  a Phase I component and subsystem test f a c i l i t y  
a t  East Mesa. Subsequent ly ,  it h a s  been dec ided  t o  b u i l d  t h e  f a c i l i t y  
i nc remen ta l ly .  The f a c i l i t y  h a s  been d e s i g n a t e d  as t h e  ERDA Geothermal 
Component T e s t  F a c i l i t y .  The Phase  I A  p o r t i o n  is c u r r e n t l y  under cons t ruc -  
t i o n .  The s u b j e c t  of  t h i s  s t u d y  is t h e  Phase  I B  p o r t i o n  of  t h e  f a c i l i t y .  

A s  r e p o r t e d  i n  s e c t i o n  3.1.1, Lawrence Berke ley  Labora to ry  f u n c t i o n s  as 
t h e  t e c h n i c a l  r e p r e s e n t a t i v e  of ERDA f o r  Phases  I A  and I B .  

Phase  I A  of  t h e  ERDA Geothermal Component T e s t  F a c i l i t y  i s  b e i n g  
c o n s t r u c t e d  by the  U.S. Bureau of Reclamation (USBR) under  c o n t r a c t  
E(49-27)-1003 a s  r e p o r t e d  i n  s e c t i o n  3.1.1. 

The Phase I B  s tudy  w i l l  i n c l u d e  ( i )  assessment  and u p d a t i n g  of t h e  
component and subsystem test  f a c i l i t y  c o n f i g u r a t i o n  r equ i r emen t s ;  
( i i )  development of d e t a i l e d  d e s i g n s ,  s p e c i f i c a t i o n s  and p r e l i m i n a r y  c o s t  
estimates f o r  the Phase  I B  a d d i t i o n s  t o  t h e  ERDA Geothermal Component 
T e s t  F a c i l i t y ;  and ( i i i )  i d e n t i f i c a t i o n  of long l e a d  i t e m s  r e q u i r e d  f o r  
implementa t ion  of t h e  Phase  I B  a d d i t i o n s  t o  t h e  f a c i l i t y .  

TRW w i l l  assess and update  t h e  f a c i l i t y  c o n f i g u r a t i o n  r equ i r emen t s  t o  
r e f l e c t  coord ina ted  c o n s i d e r a t i o n  of t h e  fo l lowing :  

o Expansion of  t h e  Phase  I A  f a c i l i t y ,  

o C i t y  of Burbank a c c e l e r a t e d  development p l a n s  f o r  East Mesa 
l e a s e s  9 ,  10 and 11. 

o Fu tu re  indus t ry /government  expe r imen te r  needs  f o r  component 
and subsystem development and test. 

3.1.1 High Temperature Resources 3-7 September 1, 1976 
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P r o j e c t  T i t l e :  

Con t rac t  No: 

Con t rac to r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  O b j e c t i v e  : 

Funding: 

Con t rac t  Te rm:  

Repor ts  I s sued :  

Thermal Loop Exper imenta l  F a c i l i t y  

E (49-3)- 1137 

San Diego Gas and E l e c t r i c  Company 
San Diego, C a l i f o r n i a  

G i l b e r t  Lombard 
(714) 348-2700 (Ni l and ,  C a l i f o r n i a )  

A. G. F o l l e t t  
( 2 0 2 )  376-4905 
FTS 376-4905 

To de te rmine  t h e  t e c h n i c a l  and economic f e a s i b i l i t y  
of u s ing  geothermal  r e s o u r c e s  i n  a hea t  exchange 
t r a i n ,  and t o  g a i n  in fo rma t ion  on t h e  e x t e n t  and 
c h a r a c t e r i s t i c s  of t h e  geothermal  r e s e r v o i r .  

-- FY 75 - 
FY 76lTQ - $3,30OK 

711175-6/30/78 

None 

3-a Revised September 1, 1976 

P r o j e c t  T i t l e :  Thermal Loop Exper imenta l  F a c i l i t y  

Con t rac t  No: E(49-3)-1137 

SUMMARY 

The Thermal Loop Exper imenta l  F a c i l i t y  has  two o b j e c t i v e s :  one  i s  t o  
de t e rmine  t h e  t e c h n i c a l  and economic f e a s i b i l i t y  of  u s i n g  geo the rma l  
r e s o u r c e s  i n  a h e a t  exchange t r a i n ,  and t h e  o t h e r  i s  t o  g a i n  i n f o r m a t i o n  
on t h e  e x t e n t  and c h a r a c t e r i s t i c s  of t h e  geothermal  r e s e r v o i r  a t  t h e  s i te .  
The h e a t  exchange t r a i n  w i l l  b e  used t o  t r a n s f e r  h e a t  t o  a b i n a r y  f l u i d  
which could  then  be  used t o  d r i v e  a t u r b i n e  expander f o r  t h e  g e n e r a t i o n  
of e l e c t r i c  power. Only t h a t  equipment r e q u i r e d  t o  i n i t i a t e  t h e  w e l l  
f low and t h e  h e a t  exchange  p rocess  w i l l  be i n s t a l l e d  i n i t i a l l y .  Equip- 
ment needed t o  g e n e r a t e  e l e c t r i c a l  energy  may b e  i n s t a l l e d  a t  a l a te r  
d a t e  i f  r e q u i r e d  f o r  t e s t  o r  demons t r a t ion  purposes .  I n  t h i s  e v e n t ,  t h e  
e l e c t r i c a l  o u t p u t  of t h e  Test F a c i l i t y  would no t  exceed  t e n  megawatts.  

An e s s e n t i a l  a s p e c t  of o p e r a t i o n  of t h e  T e s t  F a c i l i t y  is t h e  de te rmina-  
t i o n  of c h a r a c t e r i s t i c s  of t h e  geothermal  r e s e r v o i r .  Dur ing  t h e  d r i l l -  
i ng  and i n i t i a l  t e s t i n g  of t h e  w e l l s ,  c e r t a i n  g e o l o g i c a l  c h a r a c t e r i s t i c s  
were observed  and i n f o r m a t i o n  ob ta ined  i n  r ega rd  t o  t h e  t empera tu re  and 
s a l i n i t y  of t h e  r e s e r v o i r .  Th i s  i n fo rma t ion  i s  n o t  s u f f i c i e n t  t o  pro- 
v i d e  knowledge of t h e  l o n g e v i t y  and p r o d u c t i v i t y  c h a r a c t e r i s t i c s  of t h e  
r e s e r v o i r .  

Through o b s e r v a t i o n s  of p r e s s u r e s  and t empera tu res  t h a t  w i l l  be  o b t a i n e d  
d u r i n g  t h e  o p e r a t i o n  of t h e  Thermal Loop Exper imenta l  F a c i l i t y ,  a d e t e r -  
mina t ion  can  be  made of t h e  c a p a b i l i t y  of t h e  r e s e r v o i r .  P r e s s u r e  
changes  w i t h i n  t h e  w e l l s  ove r  p e r i o d s  of t i m e  w i l l  p rov ide  answers  t o  
t h e  q u e s t i o n s  of r e s e r v o i r  s i z e  and p e r m e a b i l i t y .  De te rmina t ion  of t h e  
p e r m e a b i l i t y  c h a r a c t e r i s t i c s  of t h e  r e s e r v o i r  is necessa ry  t o  op t imize  
t h e  d e s i g n  of  t h e  p r o d u c t i o n - i n j e c t i o n  system. 

C o n s t r u c t i o n  has  been  comple ted .  S t a r t  up w a s  accompl ished  i n  May. The 
i n i t i a l  shake-down run  of  400 h o u r s  h a s  been completed and minor modi f i -  
c a t i o n s  a r e  i n  p rogres s .  
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  O b j e c t i v e :  

Funding: 

C o n t r a c t  Te rm:  

Repor ts  I s s u e d :  

Ra f t  River  Geothermal P r o j e c t  

E(10-1)-1375 

Idaho N a t i o n a l  Engineer ing  Labora tory  
Idaho  F a l l s ,  Idaho 

J. F. Kunze 
(208) 522-6640, Ext. 1781 
FTS 583-1781 

Donald H. Clements 
(202) 376-4902 
FTS 376-4902 

To improve energy  e x t r a c t i o n l c o n v e r s i o n  technology t o  
t h e  e x t e n t  r e q u i r e d  f o r  economic p roduc t ion  of e l ec -  
t r i c i t y  from a modera te  t empera tu re  hydro thermal  
r e source .  

FY 75 - $2,744K 
FY 76/TQ - $3,30OK* 

7/1/74-9/30/77 

( s e e  l i s t  a f t e r  "Summary") 

* i n c l u d e s  $80K t o  Lawrence Berke ley  Labora to ry  f o r  s u p p o r t  a c t i v i t y .  

3.1.2 Moderate Temperature Resources 
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R a f t  River  Geothermal P r o j e c t  P r o j e c t  T i t l e :  

C o n t r a c t  No: E(10-1)-1375 

SUMMARY 

3-9 

The o v e r a l l  goa l s  of t h e  p r o j e c t  are as fo l lows :  

1. To demonst ra te  t h e  e x t r a c t i o n  of  ene rgy  from a modera te  t empera tu re  
hydro thermal  r e s o u r c e  u t i l i z i n g  f u l l  r e i n j e c t i o n  of  t h e  waste f l u i d .  
The r e i n j e c t e d  f l u i d  w i l l  c o n t r i b u t e  to t h e  f l u i d  r e c h a r g e  of t h e  
nydro thermal  f i e l d ,  w i th  minimum d e g r a d a t i o n  of t h e  envi ronment  and 
t h e  the rma l  hea t  source .  

2. To demonst ra te  t h e  d e s i g n  and o p e r a t i o n a l  c h a r a c t e r i s t i c s  o f  a 
geothermal  power p l a n t  o p e r a t i n g  from a r e s e r v o i r  t empera tu re  
w e l l  below the e n t h a l p y  l i m i t s  now cons ide red  t o  b e  economica l ly  
a t t r a c t i v e  fo r  commercial development.  

3. To de te rmine  t h e  most e f f i c i e n t  and e f f e c t i v e  u t i l i z a t i o n  of t h e  
Raf t  R ive r  r e source  i n c l u d i n g  t h e  combined e l e c t r i c / n o n - e l e c t r i c  
a p p l i c a t i o n s .  - -.._______ 

To a c h i e v e  these  g o a l s ,  test wells w i l l  be  d r i l l e d  t o  a i d  i n  r e s o u r c e  
e v a l u a t i o n  and a the rma l  l o o p  w i l l  be  e s t a b l i s h e d  t o  test p o t e n t i a l  f o r  
s u s t a i n e d  e l e c t r i c  power g e n e r a t i o n  us ing  modera te  t empera tu re  (15O0C) 
geothermal  waters.  Pr imary  work a s s o c i a t e d  wi th  e lec t r ic  power produc- 
t i o n  s t u d i e s  w i l l  c o n s i s t  o f  a c o n c e p t u a l  d e s i g n  of a b i n a r y  ( i s o b u t a n e )  
10 MWe n e t  power p l a n t  and a s s o c i a t e d  component test  sys tems s p e c i f i c a l l y  
f o r  t h e  R a f t  River Geothermal Resource.  Environmental  s t u d i e s  i n  s u p p o r t  
of t h i s  p r o j e c t  a r e  be ing  performed under c o n t r a c t  number E(10-1)-1375. 
as r e p o r t e d  i n  Sec t ion  6.1. 

In FY 1974 sha l low h o l e s  were d r i l l e d  t o  t h e  1000 f o o t  l e v e l  t o  
de t e rmine  hydrology and water t empera tu res  as a p r e l i m i n a r y  s t e p  in 
c h a r a c t e r i z a t i o n  of t h e  geothermal  r e s o u r c e s  e x i s t i n g  i n  t h e  Raf t  River  
Va l l ey .  A p re l imina ry  power p l a n t  d e s i g n  was i n i t i a t e d ,  and a number of 
power c y c l e s  were i n v e s t i g a t e d .  

Resource  eva lua t ion  and work on t h e  c o n c e p t u a l  and e n g i n e e r i n g  d e s i g n  
f o r  a geothermal  e l e c t r i c  power p l a n t  con t inued  throughout  FY 1975. 
The f i r s t  and second boreho les  were d r i l l e d  t app ing  a geothermal  reser- 
v o i r  a t  t h e  5000 f t  and 6,000 l e v e l s .  The d e s i g n ,  procurement ,  and 
assembly  of  a p o r t a b l e  f i e l d  l a b o r a t o r y  f o r  component c o r r o s i o n  and 
s c a l i n g  tests was s t a r t e d .  The d e t a i l e d  envi ronmenta l  a s ses smen t  
r e q u i r e d  f o r  the Raf t  River  Geothermal p r o j e c t  was a l s o  con t inued .  

Revised September 1, 1976 



3.1.2 Moderate Temperature Resources 

P r o j e c t  T i t l e :  Ra f t  River  Geothermal P r o j e c t  

C o n t r a c t  No: E(10-1)-1375 

SUMMARY (con t inued)  

I n  FY 1976 work h a s  p rogres sed  i n  r e s o u r c e  deve lopment ,  b r i n e  management, 
f l u i d  f low test  loop ,  and t h e  concep tua l  d e s i g n  of t h e  b inary  ( i s o b u t a n e )  
power p l a n t .  A t h i r d  e x p l o r a t o r y  p roduc t ion  w e l l  i n  t h e  Raft R ive r  
r e s e r v o i r  was a l s o  completed us ing  m u l t i p l e  s l a n t  h o l e  d r i l l i n g  a t  t h e  
dep th  of 4200 f e e t .  

S t u d i e s  of e l e c t r i c  power conve r s ion  c y c l e  o p t i o n s  and v a r i a t i o n s  have 
shown t h a t  t h e  conven t iona l  b i n a r x  c y c l e  ene rgy  conve r s ion  system can be  
s a t i s f a c t o r i l y  o p e r a t e d  us ing  150 C geo the rma l  b r i n e s  and tha t  t h e  e l ec -  
t r i c  power c o s t  can  be  s i g n i f i c a n t l y  reduced  by use  of advanced d e s i g n  
h e a t  exchange r s ,  condense r s ,  and c o o l i n g  sys tems t o  improve conve r s ion  
e f f i c i e n c y .  Development of a f l u i d i z e d  bed h e a t  exchanger  and a n  im- 
proved condenser  concept  i s  now underway. 

The t h r e e  deep  w e l l s  a t  t h e  Raf t  River  s i t e  have  a l l  produced f l u i d s  of 
approx ima te ly  150°C t empera tu res .  
900 gpm. The f low rate  i n  t h e  t e s t  l oop  p i p e l i n e  h a s  been inc reased  t o  
1200 gpm by use  of a downhole submers ib l e  pump. E f f o r t s  a r e  c u r r e n t l y  
d i r e c t e d  toward o p e r a t i o n  of a con t inuous  p roduc t ion - re in j ec t ion  c y c l e  
from which f low r a t e s  and h e a t  p roduc t ion  can  be  a c c u r a t e l y  measured 
and estimates of r e s e r v o i r  e x t e n t  and c a p a c i t y  made. 

The p roduc t ion  r e i n j e c t i o n  t e s t  l oop  and m a t e r i a l s  c o r r o s i o n  and s c a l i n g  
test programs, now i n  p r o g r e s s ,  coupled  wi th  advanced h e a t  exchanger 
and c o o l i n g  sys tem development s t u d i e s  d i s c u s s e d  i n  Sec t ion  1.2.3 w i l l  
l e a d  t o  f i e l d  expe r imen t s  t o  v e r i f y  t h e  t e c h n i c a l  and economic v i a b i l i t y  
of an  i n t e g r a t e d  energy  e x t r a c t i o n  and conve r s ion  sys tem f o r  e l e c t r i c  
power g e n e r a t i o n .  

A r t e s i a n  f low r a t e s  a r e  a s  h i g h  a s  

3-1 0 Revised September 1,1976 

3.1.2 Moderate Temperature Resources  

P r o j e c t  T i t l e :  Ra f t  River  Geothermal P r o j e c t  

C o n t r a c t  No: E( 10-1 )- 1375 

Repor t s  I s sued :  

IDAHO NATIONAL ENGINEERING LABORATORY REPORTS 

J. F. Whitbeck, "Design Concept f o r  F lashed  Steam Systems f o r  U s e  w i th  
Moderate Temperature Geothermal Water," ANCR-1210 ( J u l y  1975) .  

W. W. Madsen, I. J. Ingva r s son ,  "P re l imina ry  Thermal Analyses  of  Binary  
Cycle  f o r  Geothermal P i l o t  P l a n t , "  ANCR-1191 (Februa ry  1975) .  

J. W. N e i t z e l ,  "Cooling Methods S tudy  f o r  t h e  Proposed Raf t  River  
Geothermal Power P l a n t , "  ANCR-1203 ( A p r i l  1975) .  

J. F. Whitbeck, e t  al..  "Conceptual Design Repor t ,  Geothermal 
Demonst ra t ion  Power P l a n t ,  10 MW Exper imenta l  Binary  System," 
CI-1274 (August 1975) .  

R. H. Dart, D. T. N e i l l ,  J. F. Whitbeck, "Conceptual Design and Cost 
Eva lua t ion  of  Organic  Rankine Cycle  Electric Genera t ing  P l a n t  Power by 
Medium Temperature Geothermal Water," ANCR-1226. 
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P r o j e c t  T i t l e :  Hawaii Geothermal P r o j e c t  - Phase  I1 

C o n t r a c t  No: E(04-3)-1093" 

Con t rac to r :  U n i v e r s i t y  of  H a w a i i  
Honolulu,  H a w a i i  

P r i n c i p a l  John W .  Shupe 
I n v e s t i g a t o r :  (808) 948-7727 

Program Manager: David L. Wi l l iams  
(202) 376-4914 
FTS 376-4914 

P r o j e c t  Ob jec t ive :  Determine t h e  geothermal  energy  p o t e n t i a l  of t h e  
I s l a n d  of Hawaii and s u i t a b l e  e n g i n e e r i n g ,  envi ron-  
men ta l ,  and socio-economic approaches  f o r  i t s  com- 
m e r c i a l  development.  

Funding : FY 75 - $1,183K* 
FY 76lTQ - $ 605K 

C o n t r a c t  Term: 511 175-10/29/76 

Repor t s  I s sued :  "The Hawaii Geothermal P r o j e c t  - Summary Repor t  f o r  
Phase  I," U n i v e r s i t y  of  Hawaii  (May 1975) 

"The Hawaii Geothermal P r o j e c t  - I n i t i a l  Phase  I1 . 
P r o g r e s s  Report." U n i v e r s i t y  o f  H a w a i i  (Februa ry  
1976) 
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P r o j e c t  T i t l e :  Hawaii Geothermal P r o j e c t  - Phase  I1 

C o n t r a c t  No: E(04-3)-1093 

SUMMARY 

T h i s  p r o j e c t  i nc ludes  e x p l o r a t o r y  su rveys  t o  d e f i n e  t h e  most f a v o r a b l e  
a r e a s  f o r  geothermal r e s e r v o i r s ,  a n a l y t i c a l  models t o  a s s i s t  i n  i n t e r -  
p r e t a t i o n  of geophys ica l  r e s u l t s ,  s t u d i e s  on energy  r ecove ry  from 
h o t  b r i n e ,  l e g a l  and r e g u l a t o r y  a s p e c t s  of  ownersh ip  and a d m i n i s t r a t i o n  
of  geothermal  r e sources ,  economic and p l ann ing  s t u d i e s  on t h e  impact of  
geo the rma l  power, and a r e s e a r c h  d r i l l i n g  program. 

Phase  I1 comprises c o n t i n u a t i o n  of Phase  I s u p p o r t i n g  s t u d i e s  and 
d r i l l i n g  an  exp lo ra to ry  w e l l  on t h e  Big I s l a n d  t o  a t a r g e t  dep th  of 
6000 f e e t .  

The w e l l  h a s  been d r i l l e d  t o  a dep th  of 6,450 f e e t ,  t h e  bot tom h o l e  tem- 
p e r a t u r e  of which is 35OoC (662'F). A 4-hour f low test  demonst ra ted  su f -  
f i c i e n t  steam flow from t h i s  w e 1 2  t o  p rov ide  4-5 We, assuming 20 p e r c e n t  
e f f i c i e n c y  i n  power conve r s ion .  Longer f low tests w i l l  f o l low,  t o g e t h e r  
w i th  more d e t a i l e d  geophys ica l  and r e s e r v o i r  e n g i n e e r i n g  s t u d i e s .  

* i n c l u d e s  work performed under c o n t r a c t  nmnber E(04-3)-1088 

3.1.3 Magmatic Resources 3-1 1 Revised September 1, 1976 
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

Con t rac t  T e r m :  

Repor ts  I s sued :  

Space Heat ing  f o r  Commercial Bu i ld ings  i n  Boise ,  
Idaho ,  and Other  Non-Elec t r ic  App l i ca t ions  of Geo- 
the rma l  Heat 

E (10-1)- 1375 

Idaho N a t i o n a l  Engineer ing  Labora tory  
Idaho  F a l l s ,  Idaho 

R. J. S c h u l t z  
(208) 522-6640, Ext. 1781 
FTS 583-1781 

Donald H. Clements 
(202) 376-4902 
FTS 376-4902 

To d e s i g n  a demons t r a t ion  geothermal  space  h e a t i n g  
system t o  s e r v e  S t a t e ,  F e d e r a l ,  and c i t y  b u i l d i n g s  
i n  Boise ,  Idaho ,  and e v a l u a t e  t h e  p o t e n t i a l  f o r  o t h e r  
n o n - e l e c t r i c  a p p l i c a t i o n s  us ing  t h e  Raf t  River  geo- 
the rma l  r e source .  

FY 75 - -- 
FY 761TQ - $941K 

7 1  1175-9130177 

( s e e  l i s t  a f t e r  "Summzry") 

P r o j e c t  T i t l e :  Space Heat ing  f o r  Commercial Bu i ld ings  i n  Bo i se ,  
Idaho ,  and Other  Non-Elec t r ic  A p p l i c a t i o n s  of Geo- 
the rma l  Heat 

Con t rac t  No: E( 10-1)- 1375 

SUMMARY 

Bas ic  P r o j e c t :  The pr imary  o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  d e s i g n  
a demons t r a t ion  s p a c e  h e a t i n g  sys tem f o r  p u b l i c  b u i l d i n g s  i n  t h e  
C i t y  of Bo i se ,  Idaho. The R&D e f f o r t  w i l l :  ( 1 )  de t e rmine  i f  t h e  
l o c a l  geothermal  r e s o u r c e  i s  adequa te ;  ( 2 )  e s t i m a t e  c o s t s  and 
e v a l u a t e  t h e  p r a c t i c a l i t y  of r e t r o f i t t i n g  e x i s t i n g  h e a t i n g  sys tems 
f o r  u t i l i z a t i o n  of low-temperature ( l e s s  t han  95OC (ZOOOF)) geothermal  
water; and  ( 3 ) ,  d e s i g n  t h e  d i s t r i b u t i o n  sys tems and t h e  geothermal  
was te  water d i s c h a r g e  sys tem.  

Other  Non-Elec t r ic  A p p l i c a t i o n s :  The pr imary  o b j e c t i v e  is t o  
e v a l u a t e  t h e  p o t e n t i a l  f o r  d i r e c t  u se  of geo the rma l  energy  f o r  - -. 
i n d u s t r i a l  p r o c e s s i n g ,  a g r i c u l t u r e ,  a q u i c u l t u r e  and o t h e r  non- 
e l e c t r i c  a p p l i c a t i o n s  a t  t h e  R a f t  River  s i t e  and examine tech-  
nology t r a n s f e r  o p p o r t u n i t i e s  t o  a d j o i n i n g  r e g i o n s  wi th  similar 
geothermal  r e s e r v o i r s .  

A s tudy  t o  e v a l u a t e  t h e  f e a s i b i l i t y  of c o n v e r t i n g  v a r i o u s  b u i l d i n g  
h e a t i n g  sys tems i n  Bo i se ,  Idaho  s o  t h a t  geothermal  water a t  75OC (170'F) 
may be  used as a h e a t  s o u r c e  h a s  been comple ted .  Two d i s t i n c t  h e a t i n g  
concep t s  have  p o t e n t i a l  f o r  use  of  geothermal  energy:  h o t  wa te r  c i r c u l a t e d  
t o  convec to r s  l o c a t e d  i n  h e a t e d  s p a c e s  and  hea ted  f o r c e d  a i r  blown t o  
d i f f u s e r s  l o c a t e d  i n  h e a t e d  spaces .  E x i s t i n g  h o t  water sys tems (12  
b u i l d i n g s )  would be  mod i f i ed  by i n s t a l l i n g  a geo the rma l  h o t  water h e a t e d  
h e a t  exchanger  i n  series wi th  t h e  e x i s t i n g  steam h e a t e d  h e a t  exchanger .  
Water t o  be  used f o r  h e a t i n g  would then  b e  pumped through t h e  new h e a t  
exchanger and back i n t o  t h e  e x i s t i n g  h o t  water  p ip ing .  The h e a t e d  f o r c e d  
a i r  sys tems ( 2  b u i l d i n g s )  would b e  mod i f i ed  by i n s t a l l i n g  a new h o t  wa te r  
c o i l  i n  t h e  e x i s t i n g  ductwork. A i r  t o  b e  used f o r  space  h e a t i n g  would 
then  be drawn o r  blown through t h e  geothermal  h o t  water h e a t i n g  c o i l  and 
c o n t i n u e  i n  through e x i s t i n g  ductwork. Hydrologic  and geophys ica l  s t u d i e s  
of t h e  Boise  r e s e r v o i r  are underway a s  p a r t  of t h e  r e s o u r c e  e v a l u a t i o n  
phase  of t h e  p r o j e c t .  Exp lo ra to ry  d r i l l i n g  h a s  shown 55OC (132'F) temper- 
a t u r e  water  a t  a dep th  of 650 f e e t  w i th  t h e  t empera tu re  g r a d i e n t  of l . l ° C  
( 2 ' ~ )  eve ry  10 f e e t .  
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P r o j e c t  T i t l e :  

Con t rac t  No: 

SUMMARY (Continued) 

Space Heat ing  f o r  Commercial Bu i ld ings  i n  Boise ,  
Idaho ,  and Other  Non-Elec t r ic  A p p l i c a t i o n s  of Geo- 
thermal  Heat 

E(10-1)-1375 

P r e l i m i n a r y  a n a l y s e s  show t h a t  no major  r e s o u r c e  o r  e n g i n e e r i n g  
d i f f i c u l t i e s  e x i s t  t h a t  would p reven t  s u c c e s s f u l  comple t ion  of t h e  pro- 
ject .  Success  i n  t h e  p r o j e c t  could  l e a d  t o  s i g n i f i c a n t  long  term s a v i n g s  
i n  b o t h  s c a r c e  f o s s i l  f u e l s  and t o t a l  h e a t i n g  c o s t s  t o  t h e  S t a t e  of Idaho. 
I t  is e s t i m a t e d  t h a t  f o r  a c a p i t a l  inves tment  of approximate ly  3 m i l l i o n  
d o l l a r s  by t h e  S t a t e ,  t h e  necessa ry  p roduc t ion  w e l l s ,  d i s t r i b u t i o n  system 
and d i s c h a r g e  sys tem,  and t h e  conve r s ion  of  b u i l d i n g  h e a t i n g  sys tems could  
be accompl ished  f o r  t e n  s ta te  b u i l d i n g s  wi th  p o t e n t i a l  f o r  expans ion  t o  
t h e  e q u i v a l e n t  of 28 more p u b l i c  b u i l d i n g s  by u s i n g  f o s s i l  f u e l  peaking  
f o r  t h e  c o l d e s t  days .  The s i g n i f i c a n c e  of t h i s  p r o j e c t  i n  s i z e  and 
scope  is t h a t ,  i f  f u l l y  implemented t o  t h e  e q u i v a l e n t  38 b u i l d i n g s ,  i t  
w i l l  be  s i m i l a r  t o  p rov id ing  t h e  h e a t  f o r  approximate ly  4,000 ave rage  
homes, i.e., a c i t y  of 15,000 t o  20,000 people .  

A number of s t u d i e s  have  been completed which a d d r e s s  t h e  p o t e n t i a l  
f o r  o t h e r  n o n - e l e c t r i c  a p p l i c a t i o n s  of low-temperature ( l e s s  t han  15OoC 
(3OOOF)) geothermal  water of t h e  Raf t  River  r e s e r v o i r .  A number of 
p o t e n t i a l  u s e r s  have  shown i n t e r e s t  i n  t h e  use  of  geothermal  h e a t  f o r  
i n d u s t r i a l  p rocess ing .  Land and water a c q u i s i t i o n  problems appea r  r e so lv -  
a b l e  and no insurmountable  sys tem conver s ion  problems have been  i d e n t i f i e d ,  
A s t u d y  of  l a r g e  s c a l e  u t i l i z a t i o n  of geothermal  h e a t  i n  an  i n t e g r a t e d  
i n d u s t r i a l  complex wi th  m u l t i p l i c i t y  of p a r t i c i p a t i n g  i n d u s t r i e s  has  been 
completed.  Th-e s tudy  emphas izes  t h e  v a l u e  of i n t e g r a t e d ,  mu l t ip l e -use  
concept  of  p rocess  h e a t  a p p l i c a t i o n s  f o r  t h e  maximum and most e f f i c i e n t  
use  of a v a i l a b l e  geothermal  energy  a t  t h e  Raf t  River  s i t e .  A d d i t i o n a l  
s t u d i e s  r e l a t e d  t o  n o n - e l e c t r i c  a p p l i c a t i o n s  have  been suppor t ed  under 
s u b c o n t r a c t  w i th  Boise  S t a t e  U n i v e r s i t y ,  Utah S ta t e  U n i v e r s i t y  and o t h e r s .  
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3.2 N o n e l e c t r i c  A p p l i c a t i o n s  

P r o j e c t  T i t l e :  Space Heat ing  f o r  Commercial Bu i ld ings  i n  Boise ,  
Idaho ,  and Other Non-Elec t r ic  A p p l i c a t i o n s  of Geo- 
thermal  Heat 

C o n t r a c t  No: E ( 10-1) -13 75 

Repor t s  I s sued :  

IDAHO NATIONAL ENGINEERING LABORATORY REPORTS 

" F e a s i b i l i t y  Review f o r  Geothermal Conversion of E x i s t i n g  H&V Systems on 
t h e  Boise  Geothermal Space Heat ing  P r o j e c t , "  Idaho Na t iona l  Engineer ing  
Labora to ry  r e p o r t  ANCR-1256 (September 1975).  

"Geothermal Space Heat ing  of a Geothermal D r i l l i n g  Rig," Idaho Na t iona l  
Eng inee r ing  Labora tory  r e p o r t  ANCR-1241 ( June  1975).  

"Geo log ica l  Aspects of a n  Assessment of  t h e  Na t iona l  P o t e n t i a l  f o r  Non- 
Electr ic  U t i l i z a t i o n  of  Geothermal Resources," Idaho  N a t i o n a l  Engineer ing  
Labora to ry  r e p o r t  ANCR-1213 ( June  1975).  

"Use of Geothermal Water f o r  Agr i cu l tu re , "  Idaho N a t i o n a l  Eng inee r ing  
Labora to ry  r e p o r t  ANCR-1221 (June  1975). 

"F ish  C u l t u r e  U t i l i z a t i o n  of Geothermal Energy," Idaho Nat iona l  
Eng inee r ing  Labora tory  r e p o r t  ANCR-1220 ( June  1975).  
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  O b j e c t i v e :  

Funding : 

C o n t r a c t  Term: 

Repor t s  I s sued :  

S u s a n v i l l e  Geothermal Energy P r o j e c t  

E(04-3)-1077 

C i t y  of S u s a n v i l l e ,  C a l i f o r n i a  

Al f r ed  B. Longyear 
(916) 257-2174 

David B. Lombard 
(202) 376-4902 
FTS 376-4902 

To e s t a b l i s h  t h e  f e a s i b i l i t y  of a small community 
b u i l d i n g  an economic base  on t h e  use  of a geo- 
the rma l  r e s o u r c e  f o r  energy .  

FY 75 - $300K 
FY 76JTQ - $ 4K* 

611 /75-8/31/76 

S u s a n v i l l e  Geothermal Energy P r o j e c t  Q u a r t e r l y  
Repor t ,  SAN 1077-1 (October  10, 1975) 

S u s a n v i l l e  Geothermal Energy P r o j e c t  Quar t e r ly  
Repor t ,  SAN 1077-2 ( Janua ry  8, 1976) 

S u s a n v i l l e  Geothermal Energy P r o j e c t  Q u a r t e r l y  
Repor t ,  SAN 1077-3 ( A p r i l  8 ,  1976) 

S u s a n v i l l e  Geothermal Energy P r o j e c t  Workshop 
P roceed ings ;  F i n a l  Techn ica l  Repor t  SAN 1077-4 
( J u l y  13, 1976) 

* $4K t o  U.S. Geo log ica l  Survey f o r  s u p p o r t  a c t i v i t y .  

P r o j e c t  T i t l e :  S u s a n v i l l e  Geothermal Energy P r o j e c t  

Con t rac t  No: E (04-3)- 107 7 

SUMMARY 

The primary g o a l  of t h i s  s t u d y  is t o  e v a l u a t e  t h e  use  of geothermal  
energy  a s  an  economic b a s e  f o r  a s m a l l  community. S u s a n v i l l e ,  C a l i f o r n i a ,  
i s  t y p i c a l  of many s m a l l  communities i n  t h a t  i t  s u f f e r s  economic depr iva-  
t i o n  and h igh  c o s t s  f o r  energy. By u s i n g  an a v a i l a b l e  geo the rma l  r e s o u r c e  
a s  a s o u r c e  of power o r  h e a t i n g ,  t h e  community hopes  t o  improve i t s  com- 
p e t i t i v e  p o s i t i o n  and develop  a n  improved economic base .  Th i s  r e s e a r c h ,  
t h e r e f o r e ,  w i l l  aim t o  g e n e r a t e  d a t a  s o  t h a t  S u s a n v i l l e  can  s e r v e  a s  a 
model of a community which uses  geothermal  energy  as a s i g n i f i c a n t  p a r t  
of i ts economic base .  The s t u d y  seeks  t o  answer such  q u e s t i o n s  as: 

(1) What i s  t h e  e x t e n t  of t h e  geothermal  r e source?  
(2) Which i n d u s t r i e s  w i l l  b e n e f i t  most from t h e  development of 

(3) What i n s t i t u t i o n a l  a c t i o n s  are needed t o  deve lop  t h e  r e source?  
( 4 )  How do geothermal  and conven t iona l  energy  i n t e r m i x  i n  t h e  

(5) What a r e  t h e  env i ronmen ta l  e f f e c t s  of deve lop ing  t h e  r e s o u r c e ?  

t h e  geothermal  r e source?  

o v e r a l l  economic p a t t e r n ?  

The p r o j e c t  i s  e s s e n t i a l l y  complete.  A g u i d e l i n e  f o r  community geothermal  
development based on S u s a n v i l l e ,  b u t  a p p l i c a b l e  t o  o t h e r  communities,  has  
been developed .  S e v e r a l  o t h e r  r e p l i c a b l e  communities p a r t i c i p a t e d  i n  t h e  
p r o j e c t ,  and some of t h e s e  a r e  c o n s i d e r i n g  t h e  development of  t h e i r  l o c a l  
geothermal  r e s o u r c e s ,  based  on t h e  r e s u l t s  of t h e  S u s a n v i l l e  p r o j e c t .  

U.S. Geo log ica l  Survey suppor t ed  t h i s  p r o j e c t  per forming  geochemical 
a n a l y s e s  of samples from geothermal  w e l l s  i n  t h e  S u s a n v i l l e  area. 
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P r o j e c t  T i t l e :  Eva lua t ion  and Design of  Downhole Heat Exchangers 
f o r  D i r e c t  A p p l i c a t i o n  

C o n t r a c t  No: E(45-1)-2429 

C o n t r a c t o r :  Oregon I n s t i t u t e  of Technology 
Klamath F a l l s ,  Oregon 

P r i n c i p a l  Gordon Culver  
I n v e s t i g a t o r s :  (503) 882-6321 

Gordon R e i s t a d  
(503) 754-2575 

Program Manager: E r i c  P e t e r s o n  
(202)  376-4905 
FTS 376-4905 

P r o j e c t  Ob jec t ive :  To c h a r a c t e r i z e  t h e  c i r cums tances  under which t h e  
use  of downhole h e a t  exchanger  (DHE) would and would 
no t  be economica l ly  d e s i r a b l e ;  t o  deve lop  t h e  
procedure  and c r i t i c a l  i n p u t s  f o r  d e s i g n i n g  a DHE i n  
s i t u a t i o n s  where i t s  use  a p p e a r s  d e s i r a b l e .  

Funding: FY 75 - -- 
FY 76lTQ - S164K 

3 3 

P r o j e c t  T i t l e :  Eva lua t ion  and Design of Downhole Heat Exchangers 
f o r  D i r e c t  A p p l i c a t i o n  

C o n t r a c t  No: E(45-1)-2429 

In t h e  development of h e a t  exchange r s  f o r  use  i n  t h e  d i r e c t  a p p l i c a t i o n  
of geothermal  energy ,  t h e r e  i s  a need t o  e s t a b l i s h  t h e  r e l a t i o n s h i p  of 
g e o l o g i c a l  conf igu ra t ion  and h e a t  e x t r a c t i o n  t echn iques  f o r  low tempera- 
t u r e ,  n e a r  su r face  a q u i f e r s .  I n  t h i s  i n v e s t i g a t i o n ,  d e s i g n  c r i t e r i a  - 
w i l l  be  developed c o r r e l a t i n g  t h e  downhole h e a t  exchanger  (DHE) and t h e  
a q u i f e r  conf igu ra t ion .  Temperature and f low ( r a t e  and d i r e c t i o n )  
p r o f i l e s  w i l l  be measured f o r  s e v e r a l  bo re  h o l e s  t o  de t e rmine  t h e  
i n f l u e n c e  of  the  c a s i n g s  and t h e  DHE d u r i n g  bo th  i d l e  and o p e r a t i n g  
modes. Using the  measured t empera tu re  and f low d a t a ,  a n  a n a l y t i c a l  
model of t h e  hea t  exchange p rocess  w i l l  b e  developed. 
and DHE des ign  pa rame te r s ,  t h e  r e l a t i v e  amounts of n a t u r a l  and fo rced  
convec t ion  can be e v a l u a t e d  f o r  v a r i o u s  h e a t  exchanger  des igns .  
v e r i f y  t h e  v a l i d i t y  of t h e  model, t h e  most promis ing  DHE d e s i g n s  w i l l  be  
t e s t e d  and the t e s t  r e s u l t s  compared wi th  t h o s e  o b t a i n e d  a n a l y t i c a l l y .  

With t h i s  model 

To 

C o n t r a c t  T e r m :  511 /76-4/30/78 

Repor t s  I s sued :  None 

September 1,1976 3-1 5 3.2 Nonelectric Applications 

I 

I 



I . 

3 3 

I 

Advanced Technology 
Applications 

I I 



3 

I 

4.0 ADVANCED TECHNOLOGY APPLICATIONS 

Longer-range e x p e c t a t i o n s  f o r  e x t e n s i v e  u t i l i z a t i o n  of geothermal  
r e s o u r c e s  are  embodied i n  t h e  Advanced Technology App l i ca t ions  sub- 
program. S p e c i f i c a l l y ,  t h e  major  t a r g e t s  a r e  t h e  huge r e s o u r c e s  r ep re -  
s e n t e d  by h o t  d ry  rock  sys tems expec ted  t o  b e  found over l a r g e  a r e a s  of  
t h e  Western s t a t e s ,  t h e  geopres su red  sys tems a long  t h e  U.S. Gulf Coas t ,  
and u l t i m a t e l y  t h e  wide ly  d i s t r i b u t e d  conduc t ive  h e a t  of  t h e  e a r t h ' s  
c r u s t  (normal g r a d i e n t  r e s o u r c e s ) .  

The Advanced Technology A p p l i c a t i o n s  subprogram h a s  the  o b j e c t i v e  of  
proving  t h e  t e c h n i c a l  f e a s i b i l i t y  of  u s ing  geothermal  r e sources  which 
r e q u i r e  t e c h n o l o g i e s  t h a t  are now less mature  than  those  f o r  hydro- 
t he rma l  convec t ion  sys tems.  Development e f f o r t  w i l l  p rog res s  sys tem-  
a t i c a l l y  from c h a r a c t e r i z a t i o n  of  t h e  r e s o u r c e s  t o  t h e  t e s t i n g  of com- 
ponen t s ,  subsys tems and p r o c e s s e s  i n  f i e l d  test  f a c i l t i e s  t o  s c a l e d  
t e s t i n g  of sys tems i n  p i l o t  p l a n t s .  By t h i s  means, t e c h n i c a l  f e a s i b i l -  
i t y  w i l l  be demonst ra ted  and t e c h n i c a l  r i s k s  t h e r e b y  reduced t o  a l e v e l  
t h a t  i s  reasonab ly  a c c e p t a b l e  and a t t r a c t i v e  t o  indus t ry .  

4-1 April 2, 1976 
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

I n v e s t i g a t i o n s  on t h e  Geopressure  Energy Source  
of  Southern  Lou i s i ana  

E(40-1)-4889 

Lou i s i ana  S t a t e  U n i v e r s i t y  
Baton Rouge, Lou i s i ana  

Murray F. Hawkins 
(503) 388-5215 

Ke i th  Westhusing 
(202) 376-4902 
FTS 376-4902 

P r o j e c t  Ob jec t ive :  To i n v e s t i g a t e  t h e  v a l u e  of w e l l  l o g  a n a l y s e s  
i n  a s s e s s i n g  t h e  c h a r a c t e r  of geopres su red  
geothermal  r e s o u r c e s  and t o  d e l i n e a t e  l a r g e  
volume geopressured  sand a r e a s .  

Funding: FY 15 - $158K 
FY 76ITQ - -- 

C o n t r a c t  Terms: 411115-9130176 

Repor t s  I s sued :  P r o g r e s s  r e p o r t  i n  "Proceedings  of t h e  Second 
Geopressured Geothermal Energy Conference," Cen te r  
f o r  Energy S t u d i e s ,  U n i v e r s i t y  of Texas a t  Aus t in ,  
February  23-25. 1976 (5  volumes) ,  Myron H. Dorfman 
and Richard  W. Deller,  e d i t o r s  

4.1 Geopressured Resources 
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p r o j e c t  T i t  l e  : I n v e s t i g a t i o n s  on t h e  Geopressure  Energy Source  
of  Southern  Lou i s i ana  

C o n t r a c t  No: E(40-1)-4889 

SUMMARY 

The o b j e c t i v e  of t h e  proposed r e s e a r c h  i s  t o  e s t a b l i s h  t h e  v a l u e  of 
geophys ica l  and g e o l o g i c a l  a n a l y s i s  based  on w e l l  l o g s  in de te rmin ing  
t h e  p h y s i c a l  and g e o l o g i c a l  c h a r a c t e r i s t i c s  of  geopres su red  geothermal  
r e s o u r c e s  and to d e l i n e a t e  l a r g e  volume geopressured  sand a r e a s  a long  
t h e  Lou i s i ana  Gulf Coas t .  

Geopressured  geothermal r e s o u r c e s  have been found i n  sed imen ta ry  
fo rma t ions  along t h e  U . S .  Gulf Coas t  and o t h e r  l o c a t i o n s  by c rews  
d r i l l i n g  f o r  o i l  and gas .  The undercompacted sands tone  s t r a t a  are 
known t o  con ta in  h i g h l y  p r e s s u r i z e d  h o t  water  and b e l i e v e d  t o  c o n t a i n  
d i s s o l v e d  methane g a s  b u t  have  n o t  been e x t e n s i v e l y  i n v e s t i g a t e d  be- 
cause  of t echn ica l  problems i n  d r i l l i n g  i n t o  h igh  p r e s s u r e s .  It may 
b e  p o s s i b l e  t o  recover  energy  from t h e  h e a t  c o n t e n t  of t h e  wa te r ,  t h e  
p r e s s u r e ,  and sepa ra t ed  n a t u r a l  gas .  To de te rmine  whether  t h i s  would 
be  f e a s i b l e ,  i t  is n e c e s s a r y  t o  l e a r n  more abou t  l o c a t i o n ,  t h i c k n e s s ,  
areal e x t e n t ,  depth,  p o r o s i t y ,  p e r m e a b i l i t y ,  t empera tu re ,  p r e s s u r e ,  
s a l t  c o n t e n t  and g a s  c o n t e n t  of t h e  r e sources .  

Data g a t h e r e d  i n  t h e  s e a r c h  f o r  pe t ro leum d e p o s i t s  cou ld  e s t a b l i s h  many 
of  t h e  key geopressured  geothermal  r e s o u r c e  parameters .  The U n i v e r s i t y  
of  Texas a t  Austin is app ly ing  t h i s  t ype  of  a n a l y s i s  i n  a broad  band 
a c r o s s  t h e  Texas c o a s t a l  p l a i n  under c o n t r a c t  number E(40-1)-4891 and 
r e p o r t e d  i n  Sec t ion  4.1. T h i s  p r o j e c t  c o n t i n u e s  t h e  a s ses smen t  i n t o  t h e  
con t iguous  por t ion  of  Louis iana .  The l i m i t e d  in fo rma t ion  now a v a i l a b l e  
i n d i c a t e s  t h a t  t he re  i s  c o n s i d e r a b l e  v a r i a t i o n .  

T h i s  p r o j e c t  i s  des igned  t o  e s t a b l i s h  whether t h e  new method is 
a p p l i c a b l e  t o  a broad range  of s u b s u r f a c e  c o n d i t i o n s .  I f  s o ,  i t  
i s  expec ted  t o  he a v a l u a b l e  t o o l  f o r  a s s e s s i n g  o t h e r  geopres su red  
geothermal  depos i t s  o f f s h o r e  a l o n g  t h e  Gulf Coas t  a s  w e l l  as t h e  
Wyoming and C a l i f o r n i a  occur rences .  

About 85% of the w e l l  l o g s  have been ana lyzed  and t h e  r e s u l t s  conve r t ed  
t o  a format  s u i t a b l e  f o r  e l e c t r o n i c  d a t a  p rocess ing .  Th i s  format  i s  
compa t ib l e  w i t h  t h a t  deve loped  f o r  t h e  U n i v e r s i t y  of  Texas p r o j e c t .  

Revised September 1, 1976 
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Prc i j ec t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding : 

C o n t r a c t  Te rm:  

Repor t s  I s sued :  

Assessment of Geothermal (Geopressured)  
Resources  i n  t h e  Texas Gulf Coast Region 

E(40-1)-4891 

U n i v e r s i t y  of Texas a t  Aus t in  
Aus t in ,  Texas 

C h a r l e s  G. Groa t  
(512) 411-1534 

Ke i th  Westhusing 
(202) 316-4902 
FTS 376-4902 

To i n v e s t i g a t e  t h e  v a l u e  of w e l l  log and se i smic  r eco rd  
a n a l y s e s  i n  a s s e s s i n g  t h e  c h a r a c t e r  of geopressured  
geo the rma l  r e s o u r c e s  and t o  d e l i n e a t e  optimum F r i o  
fo rma t ion  r e s e r v o i r s  a long  t h e  Texas Gulf Coast.  

FY 15  - $4951( 
FY 16/TQ - $212K 

5/31/15-10/31/17 

P r o g r e s s  r e p o r t  i n  "F'roceedings of t h e  Second 
Geopressured  Geothermal Energy Conference," Cen te r  
f o r  Energy S t u d i e s ,  U n i v e r s i t y  of  Texas a t  A u s t i n ,  
February  23-25, 1976 ( 5  volumes) ,  Myron H. Dorfman 
and Richard  W. Deller, e d i t o r s  

P r o j e c t  T i t l e :  Assessment of Geothermal (Geopressured)  
Resources  i n  t h e  Texas Gulf Coast Region 

Con t rac t  No: E(40-1)-4891 

SUMMARY 

The o b j e c t i v e  of  t h e  proposed r e s e a r c h  is t o  e s t a b l i s h  t h e  e x t e n t  t o  
which i n f o r m a t i o n  from geophys ica l  l o g s  and s e i s m i c  su rveys  can  b e  used 
t o  de t e rmine  t h e  p h y s i c a l  and g e o l o g i c  c h a r a c t e r i s t i c s  of geopres su red  
geothermal  r e sources .  

Geopressured geo the rma l  r e s o u r c e s  have been found i n  sed imentary  
fo rma t ions  a l o n g  t h e  U.S. Gulf Coas t  and o t h e r  l o c a t i o n s  by crews 
d r i l l i n g  f o r  o i l  and gas .  The undercompacted sands tone  s t r a t a  a r e  
known t o  c o n t a i n  h i g h l y  p r e s s u r i z e d  h o t  water and b e l i e v e d  t o  c o n t a i n  
d i s s o l v e d  methane g a s  b u t  have  n o t  been e x t e n s i v e l y  i n v e s t i g a t e d  be- 
cause  of t e c h n i c a l  problems i n  d r i l l i n g  i n t o  h igh  p r e s s u r e s .  It may 
be  p o s s i b l e  t o  r ecove r  energy  from t h e  h e a t  c o n t e n t  of t h e  wa te r ,  t h e  
p r e s s u r e ,  and s e p a r a t e d  n a t u r a l  gas .  To de te rmine  whether t h i s  would 
be  f e a s i b l e ,  i t  i s  n e c e s s a r y  t o  l e a r n  more about  l o c a t i o n ,  t h i c k n e s s ,  
areal  e x t e n t ,  d e p t h ,  p o r o s i t y ,  p e r m e a b i l i t y ,  t empera tu re ,  p r e s s u r e ,  
s a l t  c o n t e n t  and gas  c o n t e n t  of t h e  r e sources .  

Much of t h i s  i n f o r m a t i o n  can  be  o b t a i n e d  by a n a l y z i n g  e x i s t i n g  
geophys ica l  d a t a  t h a t  have  been  accumulated i n  t h e  s e a r c h  f o r  pe t ro leum 
d e p o s i t s .  Th i s  method a p p e a r s  t o  b e  capab le  of e s t a b l i s h i n g  some key 
geopressured  r e s o u r c e  pa rame te r s  b u t  h a s  h i t h e r t o  been  t e s t e d  o n l y  i n  
a l i m i t e d  r e g i o n  of s o u t h  Texas. The r e s e a r c h e r s  w i l l  ex t end  t h e i r  
a n a l y s i s  no r theas tward  i n t o  a band a c r o s s  t h e  Texas c o a s t a l  p l a i n ,  
e s t a b l i s h i n g  whether t h i s  method a p p l i e s  t o  a broad  r ange  o f  s u b s u r f a c e  
c o n d i t i o n s ,  as i s  though t  t o  e x i s t  th roughout  t h i s  area. If i t  works 
i t  is expec ted  t o  b e  a v a l u a b l e  t o o l  f o r  a s s e s s i n g  o t h e r  geopres su red  
d e p o s i t s  on t h e  Gulf Coas t ,  and p o s s i b l y  i n  Wyoming and i n  C a l i f o r n i a .  

The b a s i c  a n a l y s i s  t echn ique  h a s  been  supplemented wi th  s a l i n i t y  d a t a ,  
m i c r o p a l e o n t o l o g i c a l  i n fo rma t ion ,  and p o r o s i t y - p e r m e a b i l i t y  c o r r e l a -  
t i o n s  s u p p l i e d  t o  t h e  p r o j e c t  by o i l  companies on a c o n f i d e n t i a l  b a s i s .  
A d d i t i o n a l  s e i s m i c  in fo rma t ion  w i l l  be  a c q u i r e d  and used i n  conf i rming  
wel l - to-wel l  c o r r e l a t i o n s .  Examination of t h e  F r i o  fo rma t ion  i n  t h e  
sou th  and middle  Texas c o a s t  is comple te  and s e v e r a l  p o t e n t i a l l y  a t t r a c -  
t i v e  geothermal  f a i rways  have  been  i d e n t i f i e d .  Work i n  t h e  F r i o  on t h e  
n o r t h  c o a s t  is n e a r l y  comple te  and work on t h e  Wilcox fo rma t ion  i n  s o u t h  
Texas h a s  begun. S e v e r a l  h igh  volume geopres su red  sand  areas w i l l  be  
s e l e c t e d  f o r  which d e t a i l e d  a n a l y s e s  w i l l  be performed t o  de t e rmine  t h e  
optimum r e s e r v o i r  area f o r  d r i l l i n g  a geopres su red  w e l l  and producing  
geothermal  f l u i d s  f o r  a t  least 1 y e a r .  

I 
J 
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P r o j e c t  T i t l e :  LASL Hot Dry Rock Geothermal P r o j e c t  

Con t rac t  No: W-7405-ENG-36 

SUMMARY 

The i n i t i a l  g o a l  of t h e  P r o j e c t  w i l l  b e  t o  produce and demons t r a t e  
an energy  e x t r a c t i o n  system of a type  s u i t a b l e  f o r  use i n  r e l a t i v e l y  
impermeable rocks  such  a s  t h e  g r a n i t e s  of t h e  Western and Nor theas t e rn  
Uni ted  S t a t e s .  The p r o j e c t  i n c l u d e s  mic rose i smic  and wa te r  q u a l i t y  
mon i to r ing  t a s k s .  

The major  o b j e c t i v e  of  t h e  p r o j e c t  f o r  f i s c a l  y e a r  1977 i s  t h e  develop- 
ment of a n  in t e r im  h e a t  e x t r a c t i o n  exper iment  between b o r e h o l e s  EE-1 
and GT-2. T h i s  w i l l  b e  accomplished by d i r e c t i o n a l  d r i l l i n g  of EE-1 
t o  i n t e r s e c t  an  hydrau l i c  f r a c t u r e  c r e a t e d  i n  t h e  bottom of GT-2, en- 
l a r g i n g  t h i s  f r a c t u r e  o r  f low connec t ion ,  c a s i n g  t h e  h o l e s  f o r  water 
c i r c u l a t i o n  through t h e  f r a c t u r e  and a s u r f a c e  a i r  cooled  h e a t  exchange ,  
and e x t r a c t i n g  10 t o  20 M W t  of h e a t  from t h e  rock  r e s e r v o i r .  

The major  g o a l s  f o r  subsequent  f i s c a l  y e a r s  a r e  t o  ex tend  EE-1 and d r i l l  
a new b o r e h o l e ,  EE-2, t o  a dep th  hav ing  a t empera tu re  of  25OoC (480'F) 
and t o  connec t  t h e  two b o r e h o l e s  f o r  a 100 M W t  e x t r a c t i o n  exper iment .  

Exp lo ra to ry  h o l e  GT-2 a t  t h e  LASL Fenton H i l l  s i t e  was completed on 
December 9 ,  1974, a t  a t o t a l  dep th  of  9607 f t ,  and a rock  t empera tu re  
of 197OC. 
where t h e  rock  tempera ture  w a s  146OC, f o r  a series of p r e s s u r i z a t i o n  
and f r a c t u r e  experiments.  
3600 f t  t h e  pe rmeab i l i t y  of t h e  g r a n i t i c  basement rock  was ex t r eme ly  
low, and i t  appeared competent t o  c o n t a i n  p r e s s u r i z e d  wa te r  w i th  
a c c e p t a b l y  low leakoff  rates. 
pumping p r e s s u r e s  of about  2500 p s i  and a peared  t o  be  n e a r l y  v e r t i c a l ,  
e s s e n t i a l l y  p l ana r ,  and  o r i e n t e d  abou t  35 
f r a c t u r e  produced had a c a l c u l a t e d  r a d i u s  of abou t  700 f t  and ,  when 
ven ted  a f t e r  propping, i t  r e t u r n e d  abou t  90% of t h e  wa te r  p r e v i o u s l y  
i n j e c t e d  t o  i n f l a t e  i t .  P r e l i m i n a r y  expe r imen t s  i n  t h e  bot tom of t h e  
h o l e  have  i n d i c a t e d  t h a t  h y d r a u l i c  f r a c t u r i n g  o c c u r s  a t  a pumping pres-  
s u r e  of abou t  1750 p s i  and t h a t ,  a g a i n  a t  t h i s  d e p t h ,  t h e  p e r m e a b i l i t y  
of t h e  h o t  g r a n i t e  is ex t r eme ly  low. 

D r i l l i n g  of  GT-2 was i n t e r r u p t e d  a t  a dep th  of 6700 f t ,  

It was de te rmined  t h a t  a t  least  below abou t  

Hydrau l i c  f r a c t u r e s  were produced a t  

8 east of  no r th .  The l a r g e s t  

Revised September 1, 1976 4-5 4.2 Hot Dry Rock Resources 
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P r o j e c t  T i t l e :  LASL Hot Dry Rock Geothermal P r o j e c t  

C o n t r a c t  No: W-7405-ENG-36 

SUMMARY (con t inued)  

During t h e  f o u r t h  q u a r t e r  of FY 1975, d r i l l i n g  w a s  begun on EE-1, t h e  
f i r s t  of two h o l e s  of a n  energy  e x t r a c t i o n  system. 
of EE-1 was accompl ished  t o  10,053 f e e t  dep th  and a rock  tempera ture  o f  
206OC d u r i n g  FY 1976. 
f r a c t u r e s .  Th i s  connec t ion  i s  p r e s e n t l y  a h igh  impedance flow pa th  
which must be  improved f o r  s i g n i f i c a n t  h e a t  e x t r a c t i o n .  Experiments 
con t inue  i n  GT-2 and EE-1 t o  i n c r e a s e  unde r s t and ing  of t h e  hydraul ic -  
f r a c t u r i n g  and c rack -ex tens ion  behav io r  of h o t  g r a n i t e ,  o f  i t s  stress 
c o n d i t i o n  a t  dep th  and t h e  i n t e r a c t i o n s  of p r e s s u r i z e d  po re  f l u i d s  wi th  
t h i s  stress f i e l d ,  of methods of improving h y d r a u l i c  f r a c t u r e  connec t ions  
and of t echn iques  f o r  l o c a t i n g  and mapping deep ly  b u r i e d  w a t e r - f i l l e d  
f r a c t u r e s .  Once t h e  a p p r o p r i a t e  t echn iques  f o r  minimiz ing  the  f low pa th  
impedance have  been  de termined ,  t h e  sys tem w i l l  b e  improved f o r  t h e  
i n t e r i m  (10  t o  20 MW ) h e a t  e x t r a c t i o n  exper iment .  

A l l  p r e s e n t  i n d i c a t i o n s  are t h a t  a s u c c e s s f u l  pressur ized-water  energy 
e x t r a c t i o n  loop  can  b e  produced i n  t h e  d ry  h o t  rock  unde r ly ing  the  
Fenton H i l l  expe r imen ta l  s i te.  

D i r e c t i o n a l  d r i l l i n g  

GT-2 and EE-1 were connected  through h y d r a u l i c  
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5.0 UTILIZATION EXPERIMENTS 

Demonst ra t ion  is t h e  caps tone  of t h e  F e d e r a l  geothermal  program, 
r e p r e s e n t i n g  t h e  f i n a l  and d e c i s i v e  s t a g e  i n  commerc ia l iza t ion  of t h e  
new t e c h n o l o g i e s  t o  e x p l o i t  known geothermal  r e s o u r c e s .  Confidence i n  
t h e s e  new t e c h n o l o g i e s  w i l l  be provided  by f i r s t -of -a -k ind .  l a r g e s c a l e ,  
u t i l i z a t i o n  expe r imen t s  (demons t r a t ion  power p l a n t s )  wi th  s p e c i a l  i n s t r u -  
m e n t a t i o n  and equipment necessa ry  t o  i n c r e a s e  t h e  l e v e l  of unde r s t and ing ,  
r e l i a b i l i t y  and o p e r a b i l i t y  of  i n t e g r a t e d  geothermal  systems. Demon- 
s t r a t i o n  p l a n t s  w i l l  p rov ide  t h e  p r i v a t e  s e c t o r  w i th  eng inee r ing  and 
o p e r a t i o n a l  expe r i ence  f o r  follow-on, commerc ia l - sca le  power g e n e r a t i n g  
p l a n t s  c a p a b l e  of  producing  energy  a t  d e s i g n  c o s t .  To be e f f e c t i v e ,  
t h e  p l a n t s  shou ld  become o p e r a t i o n a l  e a r l y  enough t o  s t i m u l a t e  i n d u s t r i a l  
development of  follow-on commercial  p l a n t s  t h a t  w i l l  c o n t r i b u t e  t o  t h e  
achievement  of  n a t i o n a l  energy  g o a l s .  

U t i l i z a t i o n  expe r imen t s  performed i n  c o n j u n c t i o n  wi th  i n d u s t r i a l  
p a r t i c i p a n t s  are a n t i c i p a t e d  t o  b e  i n i t i a t e d  i n  FY 1978. The expe r imen t s  
are planned t o  b e  o f  s u f f i c i e n t  s i z e  t o  demons t r a t e  r e s e r v o i r  adequacy and 
t o  a d d r e s s  p e r t i n e n t  env i ronmen ta l ,  l e g a l  and i n s t i t u t i o n a l  problems. 

The p r o j e c t s  w i l l  b e  des igned  to :  (1) demons t r a t e  t h a t  near-term 
t e c h n o l o g i e s  are now ready  f o r  commerc ia l - s ize  p l a n t s  t o  produce e l e c t r i c a l  
ene rgy  from hydrothermal  r e s o u r c e s ;  ( 2 )  o b t a i n  r e a l i s t i c  cos t  d a t a  from 
which p roduc t ion  c o s t s  can  be  e x t r a p o l a t e d  wi th  conf idence ;  (3) p rov ide  
adequa te  i n s t r u m e n t a t i o n  t o  o b t a i n  r e l i a b l e  o p e r a t i n g  da ta ;  and ( 4 )  demon- 
s t ra te  r e s e r v o i r  d e l i v e r a b i l i t y  and l o n g e v i t y .  

I n  a d d i t i o n ,  t h e  p r o j e c t s  w i l l  a d d r e s s  i n s t i t u t i o n a l  concerns by: (1) 
p r o v i d i n g  o p p o r t u n i t i e s  f o r  d i r e c t  p a r t i c i p a t i o n  of  t h e  p r i v a t e  s e c t o r  
i n  development and demons t r a t ion  of geo the rma l  power product ion;  ( 2 )  
demons t r a t ing  t h e  p o t e n t i a l  f o r  impact  on t h e  economy of  domestic produc- 
t i o n  of  energy  from geothermal  r e s o u r c e s ;  (3) encouraging  the  development 
of an  i n t e g r a t e d  geothermal  i n d u s t r y  w i t h  t r a i n e d  manpower; and ( 4 )  acce l -  
e r a t i n g  commercial  inves tment  i n  geothermal  development.  

5-1 Revised September 1, 1976 
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6.0 ENVIRONMENTAL CONTROL AND 
INSTITUTIONAL STUDIES 

The o b j e c t i v e s  o f  t h i s  subprogram a re  t o  de t e rmine  environmental  
i m p l i c a t i o n s  of  l a r g e - s c a l e  geo the rma l  ene rgy  u t i l i z a t i o n ,  and t h e  
means by which u n d e s i r a b l e  e f f e c t s  may b e  kep t  w i t h i n  accep tab le  l i m i t s ;  
t o  p rov ide  t h e  t e c h n o l o g i c a l  c a p a b i l i t y  t o  meet environmental  s t a n d a r d s  
a t  r e a s o n a b l e  c o s t s ;  t o  a n a l y z e  economic and i n s t i t u t i o n a l  b a r r i e r s  t o  
growth o f  a geothermal  i n d u s t r y ,  and e v a l u a t e  a l t e r n a t i v e  o p t i o n s  f o r  
t h e i r  a l l e v i a t i o n ;  and t o  encourage t h e  u t i l i z a t i o n  of geothermal tech- 
nology through o r g a n i z a t i o n  and d i s s e m i n a t i o n  of information t o  u s e r s  
i n  i n d u s t r y ,  commerce, l a b o r a t o r i e s ,  governments, and t h e  pub l i c .  
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P r o j e c t  T i t l e :  P r e p a r a t i o n  of Genera l  Environmental  Assessments 
f o r  t h e  Hydrothermal,  Geopressured and Hot Dry Rock 
Subprograms 

C o n t r a c t  No: W-7405-ENG-26 

C o n t r a c t o r :  Oak Ridge N a t i o n a l  Labora tory  
Oak Ridge, Tennessee 

P r i n c i p a l  H. G. Arnold 
I n v e s t i g a t o r :  (615) 483-0321 

FTS 550-0321 

Program Manager: Ronald R. Loose 
(202) 376-4905 
FTS 376-4905 

P r o j e c t  Ob jec t ive :  P rov ide  independent  a s ses smen t s  of t h e  p o t e n t i a l  
env i ronmen ta l  impacts  a s s o c i a t e d  wi th  p u r s u i t  of 
geothermal  r e s o u r c e  development.  

Funding: FY 75 - -- 
FY 76/TQ - S124K 

C o n t r a c t  Te rm:  2/1/76-9/30/77 

Repor t s  I s sued :  None 

P r o j e c t  T i t l e :  P r e p a r a t i o n  of Genera l  Environmental  Assessments 
f o r  t h e  Hydrothermal,  Geopressured and Hot Dry Rock 
Subprograms 

Con t rac t  No: W-7405-ENG-26 

The c o n t r a c t o r  i s  a s s i s t i n g  ERDA i n  t h e  development of g e n e r a l  
envi ronmenta l  assessments  f o r  ERDA's hydro the rma l ,  geopres su re ,  and 
h o t  d ry  rock  subprograms. 
manner which w i l l  r e a d i l y  a l low subsequent  expans ion  i n t o  environmen- 
t a l  impact s t a t emen t s  when such  a c t i o n  is i n d i c a t e d  by subprogram 
development.  

Background s t u d i e s  and v i s i t s  t o  geothermal  s i tes  l e a d i n g  t o  
i d e n t i f i c a t i o n  and unde r s t and ing  of envi ronmenta l  impact c o n s i d e r a t i o n s  
r e l a t e d  t o  s p e c i f i e d  geothermal  r e s o u r c e  subprogram development a r e  i n  
p rogres s .  I n i t i a l  o u t l i n e s  f o r  a s ses smen t s  have been prepared .  

The a s ses smen t s  w i l l  b e  s t r u c t u r e d  i n  a 
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P r o j e c t  T i t l e :  

Con t rac t  No: 

Con t rac to r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

C o n t r a c t  Term:  

Repor t s  I s sued :  

Removal of Hydrogen S u l f i d e  from Geothermal Steam 

E(45-1)-1830 

B a t t e l l e  P a c i f i c  Northwest Labora tory  
Richland ,  Washington 

P. C. Walkup 
(509) 946-2268 
FTS 444-7411, Ext. 946-2268 

Ronald R. Loose 
(202)  376-4905 
FTS 376-4905 

I d e n t i f y  and e v a l u a t e  a me ta l  o x i d e  hydrogen s u l f i d e  
removal p rocess  f o r  geothermal  steam. 

FY 75 - $ 50K 
FY 76fTQ - $192K 

7 1  1 1 74-91 301  76 

None 

P r o j e c t  T i t l e :  Removal of Hydrogen S u l f i d e  from Geothermal S t e a m  

Con t rac t  No: E(45-1)-1830 

SUMMARY 

The p r e s e n t  p r o j e c t ,  i n i t i a t e d  on A p r i l  1 ,  1975, is a three-phase  
r e s e a r c h  program having  t h e  o b j e c t i v e  of i d e n t i f y i n g  and e v a l u a t i n g  a 
p rocess  f o r  removing H2S from geothermal  steam b e f o r e  i t s  use  f o r  power 
gene ra t ion .  Phase  I s t u d i e s  compr ise  a n a l y t i c a l  and expe r imen ta l  
e v a l u a t i o n s  of p o t e n t i a l  m e t a l  o x i d e  s o r b e n t  p rocesses  and s b l e c t i o n  
of t h e  most promis ing  p rocess .  Phase  I1 w i l l  de t e rmine  t h e  on - l ine  
f e a s i b i l i t y  of t h e  p rocess  s e l e c t e d  i n  Phase  I. Phase  111 w i l l  a s s e s s  
t h e  economic f e a s i b i l i t y  of t h e  p r o c e s s  and of t r a n s f e r r i n g  t h e  p rocess  
technology t o  i n d u s t r y .  The p r o c e s s e s  b e i n g  s t u d i e d  i n v o l v e  con tac t -  
i n g  steam wi th  a s o r b e n t  t o  remove H2S, and t h e  r e g e n e r a t i o n  of t h e  
s o r b e n t  t o  r ecove r  e l e m e n t a l  s u l f u r  o r  s t a b l e  s u l f u r  compounds. 

The f i r s t  s i x  months have  been  s p e n t  i n  a l i t e r a t u r e  s e a r c h ,  s o r b e n t  
p r e p a r a t i o n  and e v a l u a t i o n .  and c o n s t r u c t i o n  of an  expe r imen ta l  appa- 
r a t u s .  ZnO w a s  v e r i f i e d  a s  a good c a n d i d a t e  f o r  H2S a d s o r p t i o n  by t h e  
l i t e r a t u r e  s e a r c h  and l a b o r a t o r y  expe r imen t s .  However, r e g e n e r a t i o n  of 
t h e  s u l f i d e d  s o r b e n t  proved t o  be  d i f f i c u l t .  E f f o r t  was then  swi tched  
t o  fo rmula t ing  s o r b e n t s  made of  m i x t u r e s  of d i f f e r e n t  k i n d s  of metal 
ox ides .  To d a t e ,  two fo rmula t ed  s o r b e n t s  e v a l u a t e d  wi th  a gas  adsorp-  
t i o n  appa ra tus  i n  t h e  l a b o r a t o r y  have  demonst ra ted  b e t t e r  adso rp t ion -  
r e g e n e r a t i o n  c a p a b i l i t i e s  t han  ZnO o r  s o r b e n t s  from c a t a l y s t  manufac- 
t u r e r s .  Large-sca le  g a s  a d s o r p t i o n  equipment f o r  use  wi th  s imula t ed  
geothermal  steam h a s  been  des igned  and b u i l t .  Shakedown o p e r a t i o n  of 
t h e  equipment i s  i n  p rogres s .  Conf i rmat ion  t h a t  mixed ox ide  s o r b e n t s  
a r e  p r a c t i c a l  is dependent  upon expe r imen t s  i n  t h i s  l a r g e - s c a l e  
demons t r a t ion  u n i t .  However. i t  h a s  been  demonst ra ted  t h a t  t h e  
a p p l i c a b i l i t y  of pu re  metals o r  metal o x i d e s  a s  HgS s o r b e n t s  from 
s team i s  less l i k e l y  than  a n t i c i p a t e d  because  of  i n t e r m e d i a t e  com- 
pound fo rma t ion  d u r i n g  o x i d a t i v e  r e g e n e r a t i o n .  
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r  : 

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

Con t rac t  Term: 

Repor t s  I s sued :  

Ra f t  River  Environmental  Program 

E(10-1)-1375 

Idaho Na t iona l  Engineer ing  Labora tory  
Idaho  F a l l s ,  Idaho 

J. F. Kunze 
(208) 522-6640 
FTS 583-1781 

Ronald R. Loose 
(202) 376-4905 
FTS 376-4905 

To p rov ide  comprehensive envi ronmenta l  d a t a  and 
in fo rma t ion  i n  suppor t  of t he  Raf t  River  Geothermal 
P r o j e c t .  

FY 75 - -- 
FY 76lTQ - $85K 
711176-9130177 

(See l i s t  a f t e r  "Summary") 

3 3 

P r o j e c t  T i t l e :  Raf t  River  Environmental  Program 

Con t rac t  No: E (  10-1 )-1375 

SUMMARY 

A comprehensive program of envi ronmenta l  s t u d i e s  is be ing  conducted i n  
s u p p o r t  of t h e  Raf t  River  Geothermal P r o j e c t  be ing  conducted under con- 
t r a c t  no. E(10-1)-1345 a s  r epor t ed  i n  S e c t i o n  3.1.2. The scope  of  t h e  
program inc ludes  t h e  fo l lowing  s tudy  e lements :  socioeconomic and archeo- 
l o g i c a l  su rveys ,  subs idence  and microse ismic  mon i to r ing ,  a i r  q u a l i t y  and 
water q u a l i t y  sampling, p o l l u t a n t  t r a n s p o r t  modeling, mon i to r ing  of 
b i o l o g i c a l  impacts,  mon i to r ing  and a n a l y s i s  of geothermal  i r r i g a t i o n  
expe r imen t s ,  and i n v e s t i g a t i o n s  of m i t i g a t i o n  and r e s t o r a t i o n  t echn iques .  

I n  a d d i t i o n  t o  suppor t ing  t h e  Raf t  River  Geothermal P r o j e c t ,  t h e s e  
envi ronmenta l  s t u d i e s  w i l l  r e f l e c t  many o f  t h e  c o n d i t i o n s  t h a t  would be 
encountered  i n  the  geo the rma l ly  a t t r a c t i v e  areas throughout  t h e  West. 
I t  is expec ted  t h a t  t h i s  program w i l l  g e n e r a t e  envi ronmenta l  d a t a  having 
broad a p p l i c a t i o n  and thus  be of c o n s i d e r a b l e  v a l u e  t o  f u t u r e  geothermal  
deve lopments  by r educ ing  much of t h e  envi ronmenta l  r e s e a r c h  t h a t  cur -  
r e n t l y  i s  requ i r ed  f o r  each  p r o j e c t .  
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P r o j e c t  T i t l e :  Ra f t  R ive r  Environmental  Program 

Con t rac t  No: E( IO-1)-1375 

Repor ts  I s sued :  

Spencer ,  S. G . ,  "Environmental  Repor t ,  Deep Geothermal T e s t  Wells i n  the  
Raf t  River  Val ley ,"  ANCK-1204 (January  1975) .  

Kumamoto, L. H . ,  "Mic rose i smic i ty  I n v e s t i g a t i o n  of t h e  Ra f t  River  Va l l ey ,  
Idaho ,"  Colorado School  of Mines, March 1, 1976. 

F i n d h o l t ,  S . ,  "Environmental  Impact of  Geothermal Development i n  t h e  Raf t  
R ive r  Val ley ,"  ( i n t e r i m  r e p o r t  on b i o l o g i c a l  su rveys )  >larch 1976. 

Neudorfer ,  G. M . ,  "Archeo log ica l  Resources of t h e  Southern  Raft  River  
V a l  l e y ,  " December 1 9 7 5. 

Pearson ,  K.,  "Raf t  River  Vege ta t ion  Study," February  1976. 

Ursenbach, W. O . ,  "Base l ine  A i r  Q u a l i t y  i n  t h e  Raf t  River  Basin," 
J anua ry  1976. 

Spe th ,  L. and Weber, L . ,  "Neutron A c t i v a t i o n  Ana lys i s  of  S o i l ,  F l o r a ,  and 
Fauna of t h e  Raf t  R ive r  Geothermal S i t e  P r i o r  t o  Warm Water I r r i g a t i o n  

. from Number Two Well," A p r i l  1976. 
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r s :  

Program Manager: 

P r o j e c t  O b j e c t i v e :  

Funding: 

C o n t r a c t  Term: 

Keports  I s sued :  

Program P l a n  f o r  C o n t r o l l i n g  Subsidence Assoc ia t ed  
w i t h  Geothermal P r o j e c t s  

W-7405-ENG-48 

Lawrence Berkeley Laboratory 
Berkeley , C a l i f o r n i a  

Pau l  A. Witherspoon 
(415)  843-2740 e x t .  5082 
FTS 451-5082 

T e r r y  L. Simkin 
(415)  843-2740 e x t .  6217 
FTS 451-6217 

A l l a n  J .  J e l a c i c  
(202) 376-4905 
FTS 376-4905 

Develop a program p l a n  of r e s e a r c h  l e a d i n g  t o  t h e  
unde r s t and ing  and c o n t r o l  of geo the rma l - r e l a t ed  
subs idence .  

FY 75 - -- 
FY 761TQ - $ 45K 

?/1/76-9/30/77 

None 
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P r o j e c t  T i t l e :  Program P l a n  f o r  C o n t r o l l i n g  Subsidence Assoc ia t ed  
w i t h  Geothermal P r o j e c t s  

C o n t r a c t  No: W-7405-ENG-48 

SUMMARY 

The o b j e c t i v e  of t h i s  p r o j e c t  is t o  develop a program p l a n  o f  r e s e a r c h  
l e a d i n g  t o  t h e  understanding and c o n t r o l  of  geo the rma l - r e l a t ed  subs idence .  
The p l a n  w i l l  c o n s i s t  of program e lemen t s  and sube lemen t s  o rde red  i n  a 
l o g i c a l  f a s h i o n  with d e c i s i o n  p o i n t s  and a l t e r n a t i v e  c o u r s e s  of  a c t i o n .  
A d e t a i l e d  implementat ion schedu le  beginning w i t h  FY 1977 w i l l  be inc luded .  
The s c h e d u l e  w i l l  s e e k  t o  minimize t h e  t i m e  r e q u i r e d  t o  a t t a i n  t h e  program 
g o a l ,  b u t  w i l l  be c o n s i s t e n t  w i t h  funding and t e c h n i c a l  c o n s t r a i n t s .  

I n  o r d e r  t o  be u s e f u l  i n  a p r a c t i c a l  s e n s e ,  program sube lemen t s  w i l l  
c o n t a i n  one o r  more s p e c i f i c  r e s e a r c h  t o p i c s  o r  problems whose s o l u t i o n  
w i l l  serve t h e  program p lan .  I t  i s  expec ted  t h a t  t h e s e  t o p i c s  o r  problems 
w i l l  become re sea rch  p r o j e c t s  when t h e  p l a n  is implemented. An e s t i m a t e d  
s c h e d u l e  and budget f o r  each p o t e n t i a l  r e s e a r c h  p r o j e c t  w i l l  be inc luded  
as p a r t  of  t h e  plan. 
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P r o j e c t  T i t l e :  

Con t rac t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r  : 

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding : 

Cont rac t  Term: 

Repor ts  I s sued :  

Gu ide l ines  t o  t h e  P r e p a r a t i o n  of Environmental  
Repor ts  f o r  Geothermal Development P r o j e c t s  

W-31-109-ENG-38 

Argonne Na t iona l  Labora tory  
Argonne, I l l i n o i s  

P. F. Gus tafson  
(312) 739-7711 
FTS 388-4517 

Al l an  J. J e l a c i c  
(202)  376-4905 
FTS 376-4905 

P rov ide  r e p o r t i n g  g u i d e l i n e s  t o  t h o s e  persons who 
a r e  r e q u i r e d  t o  submi t  envi ronmenta l  impact i n fo r -  
mat ion  i n  connec t ion  wi th  ERDA-supported geothermal  
p r o j e c t s .  

FY 75 - -- 
FY 761TQ - $ 97K 

211176-9130177 

None 

P r o j e c t  T i t l e :  

Con t rac t  No: 

G u i d e l i n e s  t o  t h e  P r e p a r a t i o n  of EnViKO~mental 
Repor ts  f o r  Geothermal Development P r o j e c t s  

W-31-109-ENG-38 

SUMMARY 

Repor t ing  g u i d e l i n e s  w i l l  be deve loped  f o r  a l l  known env i ronmen ta l  
e f f e c t s  a s s o c i a t e d  w i t h  geothermal  r e s e a r c h ,  development and demonstra- 
t i o n  p r o j e c t s .  The g u i d e l i n e s  a r e  expec ted  t o  be g e n e r a l  purpose  i n  
n a t u r e  and a p p l i c a b l e  t o  a l l  geothermal  p r o j e c t s .  Repor t ing  r equ i r e -  
ments w i l l  be s c a l e d  t o  t h e  s i z e  of t h e  geothermal  p r o j e c t .  S c a l i n g  
i n s t r u c t i o n s  w i l l  be provided  a s  an  i n t e g r a l  p a r t  of t h e  g u i d e l i n e s .  
C e r t a i n  d a t a  r equ i r emen t s  of t h e  r e p o r t i n g  g u i d e l i n e s  w i l l  be formu- 
l a t e d  t o  f a c i l i t a t e  t h e i r  i n c o r p o r a t i o n  i n t o  a computer d a t a  base  a t  
some f u t u r e  t i m e .  

The c o n t r a c t o r  has  prepared  a gu ide  development p l a n  which i d e n t i f i e s  
t h e  envi ronmenta l  and i n s t i t u t i o n a l  concerns  a s s o c i a t e d  w i t h  p r e p a r a t i o n  
o f  envi ronmenta l  r e p o r t s .  The p l a n  c o n t a i n s  t a b l e s  of l e g i s l a t i v e  
a c t i o n s ,  r u l e s  and r e g u l a t i o n s ,  r e s p o n s i b l e  a g e n c i e s ,  and  r e p o r t i n g  
r equ i r emen t s  of  15 states wi th  geothermal  development p o t e n t i a l .  An 
impact m a t r i x  of geothermal  development a c t i v i t i e s  v e r s u s  c h a r a c t e r -  
i s t i c s  of t h e  environment is a l s o  inc luded .  A d e t a i l e d  g u i d e  o u t l i n e  
is i n  p r e p a r a t i o n .  
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P r o j e c t  T i t l e :  

Con t rac t  No: 

C o n t r a c t o r :  

Background S t u d i e s  of Subs idence  i n  t h e  Gulf Coast 
Region 

E (49-2 7)-1010 

U.S. Department of t he  I n t e r i o r  
Geo log ica l  Survey 
Res ton ,  V i r g i n i a  

P r i n c i p a l  Ben E. Lofgren (Water Resources  D i v i s i o n ,  Sacremento,  
I n v e s t i g a t o r :  C a l i f o r n i a )  

(916) 484-4258 
FTS 468-4258 

Program Manager: A l l an  J .  J e l a c i c  
(202) 376-4905 
FTS 376-4905 

P r o j e c t  Ob jec t ive :  C o l l e c t  and compile the  h i s t o r i c a l  r eco rd  of 
subs idence  measurements i n  t h e  Texas-Louisiana Gulf 
Coast Region. 

Funding: FY 75 - -- 
FY 76/TQ - $ 9 K  

C o n t r a c t  Term: 5/11/76-8/30/76 

Repor t s  I s sued :  None 

3 

P r o j e c t  T i t l e :  Background S t u d i e s  of  Subs idence  i n  t h e  Gulf Coast 
Region 

Con t rac t  No: E (49-27)-1010 

SUMMARY 

During t h e  cour se  of t h e  p r o j e c t ,  t h e  c o n t r a c t o r  w i l l  i n v e s t i g a t e  a s  many 
s o u r c e s  of  subs idence- re la ted  d a t a  as p r a c t i c a b l e .  Fede ra l  and S t a t e  
agenc ie s  are expected t o  be p r i n c i p a l  s o u r c e s  of d a t a .  However, county  
and mun ic ipa l  governments and p r i v a t e  o r g a n i z a t i o n s ,  such  as o i l  companies,  
w i l l  a l s o  be contac ted .  

The s tudy  w i l l  be l i m i t e d  t o  t h e  Gulf Coas t  r e g i o n  of Texas (and p o s s i b l y  
Lou i s i ana )  a s  defined by t h e  landward boundary of  Miocene d e p o s i t s .  The 
types  of  d a t a  t o  be c o l l e c t e d  w i l l  i nc lude :  

l o c a t i o n  and e x t e n t  of v e r t i c a l  c o n t r o l  networks; 

h i s t o r i c a l  r eco rd  of g e o d e t i c  l w e l i n g s ;  . 
l o c a t i o n  of t i d e  s t a t i o n s  and s t a b l e  r e f e r e n c e  benchmarks; 

h i s t o r i c a l  r eco rd  of mareograph o b s e r v a t i o n s ;  

l o c a t i o n  of w e l l s  o r  p r i n c i p a l  a r e a s  of  f l u i d  p roduc t ion ;  

h i s t o r i c a l  r eco rd  of f l u i d  p roduc t ion  i n c l u d i n g  d e p t h  and 
i d e n t i t y  of each wi thdrawal  ho r i zon ,  pumping rate, and f l u i d  
composition; 

a v a i l a b l e  d a t a  on c o m p r e s s i b i l i t y  of  s ed imen t s  i n  t h e  area 
and any f a u l t  a c t i v a t i o n  t h a t  may have occur red .  
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6.1 Environmental Studies 

P r o j e c t  T i t l e :  Con t ro l  of Hydrogen S u l f i d e  Emission from Geothermal 
Power P l a n t s  

Con t rac t  No: E(11-1)-2730 

Con t rac to r :  E I C ,  Inc.  
Newton, Massachuse t t s  

P r i n c i p a l  W. W. Harvey 
I n v e s t i g a t o r :  (617) 965-2710 

Program Manager: Ronald R. Loose 
(202) 376-4905 
FTS 376-4905 

P r o j e c t  Ob jec t ive :  To develop  a w e t  sc rubbing  p rocess  which can 
economica l ly  r educe  hydrogen s u l f i d e  concen t r a t ions  
i n  geothermal  steam. 

Funding: FY 75 - $200K 
FY 76lTQ - $358K 

Con t rac t  Term: 611175-11/30/77 

Repor ts  I s sued :  W. W.  Harvey, F. C.  Brown, M. J. Turchan, "Con t ro l  
of Hydrogen S u l f i d e  Emission from Geothermal Power 
Plants--Annual S t a t u s  Repor t  f o r  Pe r iod  1 June  1975 
t o  31 May 1976" E I C  Corpora t ion  r e p o r t  no. COO-2730-2 
( J u l y  1976) 
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P r o j e c t  T i t l e :  Con t ro l  of  Hydrogen S u l f i d e  Emission from Geothermal 
Power P l a n t s  

C o n t r a c t  No: E(11-1)-2730 

SUMMARY 

A program w a s  i n i t i a t e d  on June  1 ,  1975, t o  deve lop  a n  e f f i c i e n t  p rocess  
f o r  t h e  removal of H2S from geothermal  f l u i d s .  An e v a l u a t i o n  of p r o c e s s  
chemis t ry  and f e a s i b i l i t y  f o r  a number of metal sa l t s  and s o l u t i o n  
compos i t ions  w a s  conducted ,  w i th  t h e  s e l e c t i o n  of a p r e f e r r e d  p r o c e s s  
o p t i o n  fo l lowed by bench-sca le  t e s t i n g .  P rocess  s t e p s  be ing  s t u d i e d  are 
sc rubb ing ,  r e g e n e r a t i o n ,  s o l i d s  s e p a r a t i o n ,  and s u l f u r  product  d i s p o s a l .  

A s u l f i d e  s l u r r y  p r o c e s s  invo lv ing  t h e  a b s o r p t i o n  of H2S from steam and 
p r e c i p i t a t i o n  a s  copper  s u l f i d e  from d i l u t e  copper  s u l f a t e  s o l u t i o n  has  
been adopted  as t h e  base-case removal p rocess .  Chemical e q u i l b r i a  and 
k i n e t i c s  and mass - t r ans fe r  rates appear  f avorab le .  Regene ra t ion  by a 
c o n t r o l l e d  r o a s t i n g  p r o c e s s  and r e g e n e r a t i o n  by a p r e s s u r e  oxygen leach-  
ing  p rocess  are be ing  i n v e s t i g a t e d .  Cor ros ion  tests have been c a r r i e d  
o u t  and a bench-scale HZS emiss ion  c o n t r o l  system has  been  des igned  and 
ope ra t ed .  Steam sc rubb ing  has  confirmed t h e  f a v o r a b l e  thermodynamics 
and chemica l  k i n e t i c s  of H2S removal by r e a c t i o n  w i t h  aqueous copper  ion .  
A f t e r  s c rubb ing  H2S was n o t  d e t e c t a b l e .  P r e c i p i t a t e s  a r e  e s s e n t i a l l y  
pu re  copper  s u l f i d e  and have f a v o r a b l e  p a r t i c l e  s i z e .  

P r o g r e s s  has  been made i n  t h e  compara t ive  e v a l u a t i o n  of s e l e c t e d  
a l t e r n a t e  schemes f o r  H2S c o n t r o l .  
i n d i c a t e  advan tages  of  d i r e c t  s c rubb ing  of steam, wi th  H S removal as 
i n s o l u b l e  s u l f i d e ,  ove r  o t h e r  proposed approaches .  

The r e s u l t s  t o  d a t e  c o n t i n u e  t o  

2 
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P r o j e c t  T i t l e :  Survey of  Environmental  Research Programs Having 
Geothermal A p p l i c a t i o n s  

C o n t r a c t  No: E(49-18)-2268* 

C o n t r a c t o r :  The MITRE Corpora t ion ,  METKEK D i v i s i o n  
McLean, V i r g i n i a  

P r i n c i p a l  E r n e s t  P. Kra j e sk i  
I n v e s t i g a t o r :  (703)790-6234 

Program Manager: A l l a n  J. J e l a c i c  
( 2 0 2 )  376-4905 
FTS 376-4905 

P r o j e c t  O b j e c t i v e :  Survey and ana lyze  F e d e r a l  and p r i v a t e l y  sponsored 
env i ronmen ta l  r e s e a r c h  programs a p p l i c a b l e  t o  geo- 
the rma l  development and recommend problems which 
r e q u i r e  a d d i t i o n a l  r e sea rch .  

Funding: FY 75 - -- 
FY 76/TQ - $ 73K 

C o n t r a c t  Term: 1/5/76-10/31/76 

Repor t s  I s sued :  None 

* T h i s  p r o j e c t  encompasses t h e  env i ronmen ta l  t a s k  under  t h e  r e fe renced  
c o n t r a c t .  

P r o j e c t  T i t l e :  Survey of  Environmental Research Programs Having 
Geothermal A p p l i c a t i o n s  

C o n t r a c t  No: E(49-18)-2268 

SUMMARY 

The c o n t r a c t o r  w i l l  unde r t ake  a l i t e r a t u r e  su rvey  o f  p a s t  r e s e a r c h  
having some bear ing on geothermal  environmental  e f f e c t s .  
F e d e r a l  agenc ie s  and p r i v a t e  i n d i v i d u a l s  engaged i n  env i ronmen ta l  
r e s e a r c h  w i l l  be conducted;  t h e  c o n t r a c t o r  w i l l  s e e k  t h e  o p i n i o n s  o f  
q u a l i f i e d  e x p e r t s  abou t  r e s e a r c h  needs and p r i o r i t i e s .  The i n f o r m a t i o n  
w i l l  be compiled f o r  ease of  r e f e r e n c e ,  ana lyzed ,  and used t o  deve lop  
r e s e a r c h  program p l a n s  l e a d i n g  t o  t h e  s o l u t i o n  of p r i o r i t y  env i ronmen ta l  
problems. 

A su rvey  of  

6.1 Environmental Studies 6-1 1 September 1, 1976 
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P r o j e c t  T i t l e :  Geothermal Economic and Cost B e n e f i t  S t u d i e s  

Con t rac t  No: E(45-1)-1830 

C o n t r a c t o r :  Battelle P a c i f i c  Northwest Labora tory  
Richland ,  Washington 

P r i n c i p a l  C. H. Bloomster 
I n v e s t i g a t o r :  (509) 946-2442 

FTS 444-7411, Ext. 946-2442 

Program Manager: Randa l l  C. S tephens  
(202)  376-4897 
FTS 376-4897 

P r o j e c t  Ob jec t ive :  To deve lop  a n  economic model and t o  provide  economic 
a n a l y s e s  and e v a l u a t i o n s  cove r ing  a l l  geothermal  re- 
sources .  The model and a n a l y s e s  i n c l u d e  both  e l ec -  
t r i c a l  and n o n - e l e c t r i c a l  end uses .  

Funding: FY 75 - $386K 
FY 76fTQ - $490K 

Con t rac t  Term: 7/1/74-9/30/77 

Repor ts  I s sued :  ( s e e  l i s t  a f t e r  "Summary") 

6.2 Economic, Policy and Planning Analysis 

. 

6-1 3 
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P r o j e c t  T i t l e :  Geothermal Economic and Cost B e n e f i t  S t u d i e s  

C o n t r a c t  No: E (45-1 ) - la30  

SUMMARY 

The t h r e e  p r i n c i p a l  o b j e c t i v e s  f o r  t h i s  p r o j e c t  are: (1)  macroeco- 
nomics--to de f ine  t h e  r o l e  of geothermal  power i n  r e l a t i o n  t o  competing 
r e s o u r c e s ;  ( 2 )  microeconomics--to e s t i m a t e  i n  d e t a i l  c o s t  e l emen t s  of 
geothermal  power and h e a t ;  and ( 3 )  c o s t  e f f e c t i v e n e s s  and c o s t  b e n e f i t  
s tud ie s - - to  de te rmine  the  s e n s i t i v i t y  of  c o s t  t o  t e c h n i c a l  and p o l i c y  
improvements and t o  q u a n t i f y  s o c i e t a l  c o s t s  and b e n e f i t s  o f  geothermal  
development.  To accompl ish  t h e s e  o b j e c t i v e s ,  GEOCOST (an economic model 
capab le  of performing economic a n a l y s e s  f o r  a l l  t y p e s  of geo the rma l  energy  
r e s o u r c e s )  has  been developed t o  p rov ide  a n  economic b a s i s  f o r  per forming  
b e n e f i t - c o s t  ana lyses  f o r  e l e c t r i c  and non-e l ec t r i c  a p p l i c a t i o n s .  

In FY 76, t h e  GEOCOST model was a p p l i e d  t o  d e t a i l e d  a n a l y s e s  of t h e  
s e n s i t i v i t y  o f  power c o s t s  t o  r e s o u r c e  c h a r a c t e r i s t i c s  and power recov- 
e r y  t echno log ie s .  
of t h e  GEOCOST computer program throughout  t h e  geothermal  community. The 
n a t i o n a l  b e n e f i t s  a n a l y s i s  w i l l  be expanded t o  i n c l u d e  t h e  r e s u l t s  of t h e  
USGS geothermal  r e source  assessment  a n a l y s i s  i n  t h e  supp ly  p r o j e c t i o n s  f o r  
geothermal  r e sources ,  and t h e  GEOCOST model w i l l  be a p p l i e d  t o  de t e rmine  
t h e  p o t e n t i a l  economic impacts  of  envi ronmenta l  and i n s t i t u t i o n a l  p o l i c i e s .  

A r e s o u r c e  assessment  economic a n a l y s i s  w i l l  be i n i t i a t e d  t o  de t e rmine  
t h e  economic va lue  to  t h e  geothermal  energy  program of r e s o u r c e  assess- 
ment d a t a .  T h i s  a n a l y s i s  w i l l :  (1) d e f i n e  the  p o t e n t i a l  economic im-  
p a c t s  a s s o c i a t e d  w i t h  r i s k s  and u n c e r t a i n t i e s  i n  r e s o u r c e  a s ses smen t  
d a t a ;  ( 2 )  d e f i n e  the  e x t e n t  t o  which inadequate  r e s o u r c e  a s ses smen t  
d a t a  l i m i t s  geo thermal  energy  expans ion;  and (3 )  assess t h e  v a l u e  of 
new and advanced r e source  assessment  techniques .  

User's manuals have been prepared  t o  f a c i l i t a t e  use 

The a n a l y s i s  o f  the p o t e n t i a l  n a t i o n a l  b e n e f i t s  of geothermal  power was 
i n i t i a t e d  i n  FY 76. 
geothermal  energy development was completed.  
Sandia  Labora to r i e s  were inco rpora t ed  i n t o  t h e  GEOCOST model. 

A n a l y s i s  has  been i n i t i a t e d  t o  de t e rmine  those  c o s t  f a c t o r s  most amenable 
t o  improvement through t e c h n o l o g i c a l  advances,  and t o  q u a n t i f y  t h e  sens i -  
t i v i t y  o f  c o s t  t o  r e l a t e d  parameters .  
o v e r a l l  E R D A ~ D G E  program planning .  

An a n a l y s i s  of  t h e  c r i t i c a l  r e source  r equ i r emen t s  f o r  
D i s t r i c t  h e a t i n g  d a t a  from 

Th i s  a n a l y s i s  w i l l  be a p p l i e d  t o  

Revised September 1, 1976 



6.2 Economic, Policy and Planning Analysis 

P r o j e c t  T i t l e :  

C o n t r a c t  NO: E(45-1)-1830 

Geothermal Economic and Cost  B e n e f i t  S tud ie s  

Repor t s  I s sued :  

BATTELLE PACIFIC NORTHWEST LABORATORIES REPORTS 

"Economic A n a l y s i s  o f  Geothermal Energy Cos t s , "  BNWL SA-5596 (November 
1975) .  

"An Economic Model f o r  Geothermal Cost  Ana lys i s , "  BNWL SA-5378. 

C. H. Bloomster ,  e t  a l . ,  "GEOCOST: A Computer Program f o r  Geothermal 
Cos t  Ana lys i s , "  BNWL-1888 (Februa ry  1975) .  

H. D. Huber, C. H. Bloomster ,  R. A. Walter, "Users Manual fo r  GEOCOST: 
A Computer Program f o r  Geothermal Cost  Ana lys i s ,  Volume I-Steam Cyc le  
Version,"  BNWL-1942-V1 (November 1975) .  

H. D. Huber, C. H. Bloomster ,  R. A. Walter, "Users Manual f o r  GEOCOST: 
A Computer Program f o r  Geothermal Cost  Ana lys i s ,  Volume 11-Binary Cycle ,"  
BNWL-1942-V2 (March 1976).  

D. .W. Shannon, "Economic Impact of  Cor ros ion  and S c a l i n g  Problems i n  
Geothermal Energy Systems," BNWL-1866 ( Janua ry  1975) .  

C. H. Bloomster  and C. A. Knutsen, "The Economics of  Geothermal 
E l e c t r i c i t y  Genera t ion  from Hydrothermal Resource,"  BNWL-1989 (1975) .  

R. A. Walter, S. E. Wise, and C. H. Bloomster ,  "Thermodynamic Modeling of 
Geothermal Powerplants ,"  BNWL-1911 (May 1975).  

C. A. Knutsen,  " B e n e f i t s  of  S t i m u l a t i n g  Geothermal Energy Development 
w i t h  Tax and Research Subs id i e s , "  BNWL-SA-5934 (August 1976).  

P. D. Cohn and C.  H. Bloomster ,  " C a p i t a l  Cost  Models f o r  Geothermal Power 
P l a n t s , "  BNWL-1990 ( J u l y  1976) .  
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P r o j e c t  T i t l e :  Regional  Opera t ions  Research f o r  Geothermal 
Development i n  t h e  S t a t e  of C a l i f o r n i a  

C o n t r a c t  No: E (04-3) -09  59 

C o n t r a c t o r :  NASA 
Pasadena, C a l i f o r n i a  

Je t  P ropu l s ion  Labora to ry  
C a l i f o r n i a  I n s t i t u t e  of Technology 
Pasadena,  C a l i f o r n i a  

Work Performed by: 

P r i n c i p a l  Casper  F. Mohl 
I n v e s t i g a t o r :  ( 2 1 3 )  354-2779 

FTS 792-2779 

Program Manager: Robert  E. O l i v e r  
( 2 0 2 )  376-4846 
FTS 376-4846 

P r o j e c t  O b j e c t i v e :  To deve lop  a rea l i s t ic  s c e n a r i o  f o r  t h e  development 
of  geothermal  energy r e s o u r c e s  i n  C a l i f o r n i a ,  
t o g e t h e r  w i t h  a d e f i n i t i o n  of t h e  n a t u r e  and t iming 
of  p u b l i c  a c t i o n s  r e q u i r e d  i n  o r d e r  f o r  t h e  s c e n a r i o  
t o  m a t e r i a l i z e .  

Funding: FY 7 5  - -- 
FY 76ITQ - $200K 

C o n t r a c t  Term: 3 1 1 5 1 7 6 - 1 2 / 3 1 / 7 6  

Repor t s  I s sued :  " Regional  Opera t ions  Research f o r  Geothermal 
Development i n  C a l i f o r n i a  - P r e l i m i n a r y  Scena r io  f o r  
Geothermal Development i n  C a l i f o r n i a , "  C. Davis ,  
D. J. K e r r i s k ,  L. Le ibowi tz ,  K. K. Tang, Je t  Propul- 
s i o n  Labora to ry  r e p o r t ,  J u l y  1976. 

P r o j e c t  T i t l e :  Regional  Opera t ions  Research f o r  Geothermal 
Development i n  t h e  S t a t e  of  C a l i f o r n i a  

C o n t r a c t  No: E (04-3  )-09 5 9  

SUMMARY 

DGE i s  i n s t i t u t i n g  a system of r e g i o n a l  o p e r a t i o n s  r e s e a r c h  p r o j e c t s  
t h rough  r eg iona l  c o n t r a c t o r s  who w i l l  f o r m u l a t e  p o t e n t i a l  f u t u r e  geo- 
the rma l  energy r e s o u r c e  development s c e n a r i o s  f o r  t h e  s e v e r a l  r e g i o n s  
of  t h e  United S t a t e s .  The r e g i o n a l  c o n t r a c t o r s  w i l l  a l s o  i d e n t i f y  pub- 
l i c  a c t i o n s  which must be  performed,  t o g e t h e r  w i t h  t h e  t iming  of  such 
a c t i o n s ,  i n  o rde r  f o r  t h e  a s p i r e d  s c e n a r i o s  t o  m a t e r i a l i z e .  The 
C a l i f o r n i a  r e g i o n a l  o p e r a t i o n s  r e s e a r c h  p r o j e c t  i n i t i a t e d  under  t h i s  
c o n t r a c t  is the f i r s t  of t h e s e  r e g i o n a l  p r o j e c t s .  

A p r e l i m i n a r y  s c e n a r i o  f o r  t h e  development of  geo the rma l  energy 
r e s o u r c e s  i n  C a l i f o r n i a  has  been developed,  and impl i ed  p u b l i c  a c t i o n s  
have been i d e n t i f i e d .  

During t h e  remainder of t h e  p r o j e c t ,  d e t a i l e d  s c e n a r i o s  f o r  t h e  
geo the rma l  energy r e s o u r c e  si tes i n  Lake County and a t  Heber i n  t h e  
I m p e r i a l  Valley w i l l  be developed and analyzed t o  i d e n t i f y  s p e c i f i c  
p u b l i c  a c t i o n s  r e q u i r e d  f o r  t h e  s c e n a r i o s  t o  develop.  
computer-based o p e r a t i o n s  p r o g r e s s  mon i to r  w i l l  be deve loped  t o  p rov ide  
a conven ien t  means f o r  o b t a i n i n g  up-to-date i n f o r m a t i o n  conce rn ing  t h e  
p r o g r e s s  of  t he  development of geo the rma l  energy r e s o u r c e s  i n  C a l i f o r n i a  

I n  a d d i t i o n ,  a 
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6.2 Economic, Policy and Planning Analysis 

P r o j e c t  T i t l e :  

Con t rac t  No: 

Con t rac to r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding : 

Cont rac t  Term: 

Repor ts  I s sued :  

S t u d i e s  i n  Geophysics 

E(49-1)-3772 

Geophysics Research Board 
Na t iona l  Academy of  Sc iences /  

Na t iona l  Research Counci l  
Washington, D.C. 

P. J. Har t  
(202) 389-6381 

Lar ry  B a l l  
(202) 376-4914 
FTS 376-4914 

To perform a n  independent  examinat ion  of t h e  
n a t i o n a l  geothermal  r e s o u r c e  assessment  a c t i v i t i e s  
and t o  examine c r i t i c a l l y  t h e  DGE program. 

FY 75 - $ 4K 
FY 76lTQ - $ 4K 

711174-9130176 

None 

6-16 Revised September 1,1976 

S t u d i e s  i n  Geophysics P r o j e c t  T i t l e :  

Con t rac t  No: E(49-11-3772 

SUMMARY 

T h i s  is a s m a l l  p o r t i o n  of a l a r g e r  group of "mini -s tudies ' '  i n  
geosc iences  which w i l l  be done by t h e  Geophysics Research  Board. 
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

Con t rac to r :  

, 

Suppor t  of t h e  U.S. Nat iona l  Committee f o r  
Rock Mechanics 

E (49-1 )-3880 

Na t iona l  Academy of  Sc iences /  
Na t iona l  Research Counci l  

Washington, D.C .  

P r i n c i p a l  A l b e r t  N. Bove 
I n v e s t i g a t o r :  (202) 389-6415 

Program Manager: Mor r i s  Ska lka  
(202)  376-4912 
FTS 376-4912 

P r o j e c t  Ob jec t ive :  To c o o r d i n a t e  the  programs i n  t h e  United S t a t e s  
r e l a t i n g  t o  t h e  s tudy  of  rock  mechanics.  

Funding: FY 75 - -- 
FY 76/TQ, - $25K 

C o n t r a c t  Term: 12IlI75-11I30176 

Repor t s  I s sued :  None 

P r o j e c t  T i t l e :  Suppor t  of t h e  U.S. Na t iona l  Committee f o r  
Rock Mechanics 

Con t rac t  No: E (49-1 )-3880 

The U.S. Nat iona l  Committee f o r  Rock Mechanics has  o rgan ized  i t s  program 
i n t o  f i v e  major  a reas  f o r  which pane l s  have been formed t o  c o n s i d e r  prob- 
l e m s  and recommend s o l u t i o n s .  During t h e  cour se  of t h e  c o n t r a c t  term, 
r e p o r t s  are prepared f o r  p u b l i c a t i o n .  Pane l s  cove r  t h e  fo l lowing  s u b j e c t  
a r e a s :  (1)  rock  mechanics problems i n  energy  r ecove ry  and development;  
( 2 )  rock  mechanics problems i n  underground c o n s t r u c t i o n  and tunne l ing ;  
( 3 )  rock  mechanics problems r e l a t e d  t o  se i smology and ea r thquake  engi- 
nee r ing ;  ( 4 )  fundamental problems i n  rock  mechanics and e d u c a t i o n a l  
r equ i r emen t s ;  (5)  domest ic  and i n t e r n a t i o n a l  a c t i v i t i e s  i n  rock mechanics.  

The Committee’s broad purpose of s e r v i n g  t h e  i n t e r e s t s  of  t h e  U.S. rock  
mechanics community is  accomplished i n  s e v e r a l  ways and on both  t h e  domes- 
t i c  and i n t e r n a t i o n a l  l e v e l s .  Committee g o a l s  are accomplished through 
a d v i s o r y  s t u d i e s  and r e p o r t s ;  c o o r d i n a t i o n  wi th  domest ic  s o c i e t i e s  t h a t  
have i n t e r e s t s  in rock  mechanics;  cosponsor sh ip  nf and p a r t i c i p a t i o n  i n  
t h e  annua l  U.S. rock mechanics symposia;  rev iewing  t e c h n i c a l  pape r s ;  
rev iewing  t h e  s t a t e  of rock  mechanics educa t ion  and r e s e a r c h ;  p a r t i c i -  
p a t i o n  i n  t h e  i n t e r n a t i o n a l  symposia and congres ses  sponsored  by t h e  
I n t e r n a t i o n a l  Soc ie ty  f o r  Rock Mechanics (ISM) and i n  t h e  ISRM Working 
Commission a c t i v i t i e s ;  and nomination of  and adv ice  t o  U.S. r ep resen ta -  
t i v e s  s e n t  t o  i n t e r n a t i o n a l  meet ings .  

The Committee r e p r e s e n t s  t h e  United S t a t e s  i n  v a r i o u s  i n t e r n a t i o n a l  
a c t i v i t i e s  i n  rock mechanics l a r g e l y  through i t s  a f f i l i a t i o n  wi th  ISRM, 
and keeps  U.S. s c i e n t i s t s  and e n g i n e e r s  informed of mee t ings  and o t h e r  
developments,  n a t i o n a l l y  and i n t e r n a t i o n a l l y .  I t  p rov ides  a d v i s o r y  
s t u d i e s  and r e p o r t s  o n  problem a r e a s  i n  rock  m e c h a n i c s - t h a t  a r e  of 
concern  t o  Federa l  and S t a t e  agenc ie s ,  i n d u s t r y  and  t h e  rock  mechanics  
community i n  genera l .  It a l s o  a d v i s e s  t h e  Na t iona l  Academy of  Sc iences1  
N a t i o n a l  Academy of Eng inee r ing ,  and t h o s e  i n  t h e  rock  mechanics f i e l d  
i n  g e n e r a l ,  on  the s t a t e - o f - t h e - a r t  i n  rock mechanics and t h e  h e a l t h  and 
e f f e c t i v e n e s s  of the o v e r a l l  r e s e a r c h  and a p p l i c a t i o n s  e f f o r t  i n  t h e  
f i e l d .  

The f u l l  Committee meets a t  l e a s t  once each yea r  and i t s  pane l s  m e e t  one  
o r  more t imes  a year t o  c a r r y  o u t  t h e i r  i n d i v i d u a l  programs. 
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P r o j e c t  T i t l e :  Opera t ions  Research and Systems Ana lys i s  f o r  
Geothermal Energy Program P lann ing  

C o n t r a c t  No: E(49-18)-2268* 

Con t rac to r :  The M I T R E  Corpora t ion ,  METREK Div i s ion  
McLean, V i r g i n i a  

P r i n c i p a l  S .  G o l d s t e i n  
I n v e s t i g a t o r :  (703) 790-6632 

Program Manager: Momtaz N.  Mansour 
(202) 376-4897 
FTS 376-4897 

P r o j e c t  Ob jec t ive :  To e s t a b l i s h  an  o v e r a l l  framework f o r  r eg iona l  and 
n a t i o n a l  geothermal  r e s o u r c e  development,  f o r  i n t e -  
g r a t i n g  r e g i o n a l  s t u d i e s ,  f o r  e s t a b l i s h i n g  a n a t i o n a l  
p l ann ing  p e r s p e c t i v e ,  f o r  s u p p o r t i n g  n a t i o n a l ,  Fede ra l  
and ERDA p l ann ing  a c t i v i t i e s ,  and f o r  de f in ing  proce- 
d u r e s  and d a t a  r equ i r emen t s  f o r  moni tor ing  p r o g r e s s  
toward program g o a l s .  

Funding: FY 75 - -- 
FY 76lTQ - $483K 

C o n t r a c t  Term: 115176-10131176 

Repor t s  I s sued :  "Management P lan  f o r  Opera t ions  Research and Systems 
Ana lys i s  Suppor t  t o  D i v i s i o n  of Geothermal Energy, 
EKDA," MITRE Working Paper  11407. February 2 7 ,  1976 

"Framework f o r  t h e  Ana lys i s  of Regional and Na t iona l  
Geothermal Resource Development," M I T R E  Working 
Paper  11417, February  27, 1976 

"Cost of Power Modeling f o r  E l e c t r i c a l  Generator 
from Hydrothermal Liquid-Dominated Resources," MITRE 
Working Paper  11676, June  28, 1976 

"Geographic F a c t o r s  f o r  Use i n  Ranking Non-Electric 
Geothermal App l i ca t ions , "  MITRE Working Paper 11658, 
June  7,  1976 

" P a r t i c i p a n t s  i n  t h e  Na t iona l  Geothermal Program," 
H. W. Joy ,  M I T R E  MTR-7243, J u l y  1976 

* T h i s  p r o j e c t  encompasses t h e  p l ann ing  t a s k s  under t h e  re ferenced  
c o n t r z c t .  

P r o j e c t  T i t l e :  Opera t ions  Research  and Systems Ana lys i s  f o r  
Geothermal Energy Program P lann ing  

Con t rac t  No: E(49-18)-2268 

SUMMARY 

A d e t a i l e d  framework f o r  a n a l y s i s  of geothermal  r e s o u r c e  development a t  
a n a t i o n a l  and r e g i o n a l  l e v e l  has  been developed. Data needs ,  a c q u i s i -  
t i o n  mechanisms, and a n a l y s i s  p rocedures  f o r  use  i n  these s t u d i e s  have 
been i d e n t i f i e d .  

To p rov ide  a n a t i o n a l  p e r s p e c t i v e  f o r  geothermal  energy  program p lann ing ,  
a v a r i e t y  of s c e n a r i o s ,  based on r a t e  of domest ic  economic growth ,  t i m -  
i ng  of development of advanced energy  t e c h n o l o g i e s ,  and energy  impor t  
p o l i c i e s ,  have been c o n s t r u c t e d  and ana lyzed  f o r  t h e i r  n a t i o n a l  impl ica-  
t i o n s .  The a n a l y s i s  i n c l u d e s  assessment  of c a p i t a l ,  manpower, equip-  
ment, and m a t e r i a l  r equ i r emen t s ,  as w e l l  as t h e  e x t e n t  of e x p l o r a t i o n ,  
l and  l e a s i n g  r a t e s ,  and economic, s o c i a l  and envi ronmenta l  impacts.  

The p r o j e c t  has  i d e n t i f i e d  p a r t i c i p a n t s  i n  geothermal  energy  r e s o u r c e  
development,  t h e i r  r o l e s ,  t h e i r  methods of i n f l u e n c e  and key i n s t i t u -  
t i o n a l  problems which may impede geothermal  energy  development.  The 
i n v e s t i g a t o r s  w i l l  ana lyze  t h e  p r e s e n t  Fede ra l  geothermal  program and 
p r o j e c t  c r i t i c a l  program p a t h s  i n  r e l a t i o n  t o  t h e  v a r i o u s  growth sce- 
n a r i o s ,  i d e n t i f y i n g  s p e c i f i c  p i l o t  and demons t r a t ion  p r o j e c t s  w i t h  re- 
ga rd  t o  r e g i o n a l  and n a t i o n a l  needs.  Var ious  implementa t ion  approaches  
wi th  i n c e n t i v e s  f o r  i n d u s t r i a l  u t i l i z a t i o n  w i l l  be ana lyzed  and m i l e -  
s t o n e s  r e q u i r i n g  in t e ragency  c o o r d i n a t i o n  i d e n t i f i e d .  

The p r o j e c t  w i l l  d e f i n e  c r i t e r i a  f o r  measuring p r o g r e s s  i n  deve lop ing  
geothermal  r e s o u r c e s  and set  up a network f o r  a c q u i s i t i o n  and r e d u c t i o n  
of d a t a  from ERDA p r o j e c t s  and c o n t r a c t s ,  o t h e r  Fede ra l  a g e n c i e s ,  and 
p r i v a t e  i n d u s t r y .  S p e c i a l  s t u d i e s  w i l l  a d d r e s s  p l ann ing  problems on 
t h e  EKDA branch  l e v e l ,  such  a s  t h e  implementa t ion  of Fede ra l  envi ron-  
menta l  s t a t u t e s .  
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P r o j e c t  T i t l e :  Economic Analyses  of Geothermal Energy Development 
i n  t h e  S t a t e  of C a l i f o r n i a  

C o n t r a c t  No: E(04-3)-0115 

C o n t r a c t o r :  S t an fo rd  Research I n s t i t u t e  
Menlo Park ,  C a l i f o r n i a  

P r i n c i p a l  Gopalachary Kamachandran 
I n v e s t i g a t o r :  (415) 326-6200, e x t .  4441 

Program Manager: Robert  E. O l i v e r  
(202) 376-4846 
FTS 376-4866 

P r o j e c t  Ob jec t ive :  To p rov ide  economic a n a l y s e s  of t h e  i m p l i c a t i o n s  of 
t h e  development s c e n a r i o s  provided  by t h e  Regional 
Opera t ions  Research f o r  Geothermal Development i n  
t h e  S t a t e  of C a l i f o r n i a .  

Funding: FY 75 - -- 
FY 76ITQ - $198K 

Con t rac t  Te rm:  3115176-12/31/76 

Repor ts  I s sued :  None 

6.2 Economic, Policy and Planning Analysis 

P r o j e c t  T i t l e :  Economic Analyses  of Geothermal Energy Development 
i n  t h e  S t a t e  of C a l i f o r n i a  

Con t rac t  No: E (04-3 1-0 11 5 

SUMMARY 

Thi s  p r o j e c t  w i l l  suppor t  t he  Jet P ropu l s ion  Labora tory  s t u d y ,  “Regional  
Opera t ions  Research f o r  Geothermal Development i n  t h e  S t a t e  of C a l i f o r n i a , ”  
be ing  performed under c o n t r a c t  number E(04-3)-0959 and r e p o r t e d  i n  s e c t i o n  
6.2. 
of t h e  s c e n a r i o s  developed i n  t h a t  s tudy .  

The c o s t  o f  energy product ion .  bo th  e l e c t r i c  and n o n - e l e c t r i c ,  from t h e  
geothermal  r e sources  cons ide red  i n  t h e  development of t h e  growth s c e n a r i o  
w i l l  be ana lyzed .  Pa rame t r i c  s t u d i e s  will be performed t o  de t e rmine  t h e  
e f f e c t s  on t h e  o v e r a l l  economics of power p roduc t ion  due t o  v a r i a t i o n s  
i n  power p l a n t  des ign ,  r e s o u r c e  c h a r a c t e r i s t i c s ,  end u s e s ,  t echnology 
s t a t u s ,  and envi ronmenta l  p r o t e c t i o n  requi rements .  

P r o j e c t i o n s  of market c a p t u r e  p r o s p e c t s  f o r  geothermal  energy  w i l l  be 
made, based on assumptions concern ing  t h e  f u t u r e  c o s t s  of geothermal  
energy  and a l t e r n a t i v e  s o u r c e s  of  energy .  Cos t -bene f i t  a n a l y s e s  of 
a l t e r n a t i v e  government programs w i l l  b e  performed. The a n a l y s e s  w i l l  
i n c l u d e  e s t i m a t e s  of  government expend i tu re s ,  l o s s e s  i n  revenues ,  and 
c o s t s  and b e n e f i t s  f o r  energy  p roduce r s  and consumers. 

A d e c i s i o n  focused cos t -bene f i t  a n a l y s i s  of two s i t e - s p e c i f i c  d e t a i l e d  
geothermal  development s c e n a r i o s  w i l l  be performed. 
t o  t h e  r e g i o n  and subsequent  impacts  a t  t h e  l o c a l ,  r e g i o n a l ,  and n a t i o n a l  
l e v e l s  w i l l  be q u a n t i t a t i v e l y  a s ses sed .  The c o s t s  and b e n e f i t s  t o  t h e  
r e g i o n  w i l l  i nc lude  inc reased  c o s t s  of p u b l i c  s e r v i c e s  such  as roads ,  
s c h o o l s ,  i n c r e a s e  i n  t a x  base ,  demographic s h i f t s ,  and r e l a t e d  f a c t o r s .  

The p r o j e c t  w i l l  p rov ide  t h e  economic a n a l y s e s  of t h e  i m p l i c a t i o n s  

B e n e f i t s  and c o s t s  

6-19 September 1, 1976 
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r s :  

Program Manager: 

P r o j e c t  O b j e c t i v e  : 

Funding: 

C o n t r a c t  Term: 

Repor t s  I s sued :  

Geothermal Loan Guarantee  Package 

E (04-3) - 1 279 

Coopers and Lybrand 
San F ranc i sco ,  C a l i f o r n i a  

Michael H. Heys 
(415) 445-1200 

Gera ld  L. Lanterman 
(415) 834-5400 

Lawrence F a l i c k  
(202)  376-4899 
FTS 376-4899 

To develop  i n s t r u c t i o n s  f o r  a p p l i c a n t s  f o r  t h e  proper  
f i l i n g  of a p p l i c a t i o n s  and p e r i o d i c  s t a t u s  r e p o r t s  
i n  r ega rd  t o  p r o j e c t s  gua ran teed  o r  t o  be guaranteed  
under t h e  ERDA Geothermal Loan Guarantee  Program. 

FY 75 - -- 
FY 76lTQ - $ 48K 

5128176-8/16/76 

None 
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P r o j e c t  T i t l e :  Geothermal Loan Guarantee  Package 

Con t rac t  No: E (04-3 )-1279 

SUMMARY 

The scope  of work t o  be performed i n  connec t ion  w i t h  t h e  l o a n  g u a r a n t e e  
package w i l l  be t o  deve lop  t h e  necessa ry  forms. i n s t r u c t i o n  manuals,  
d e f i n i t i o n  of te rms  and ,  where necessa ry ,  commentary on t h e  i n t e r p r e t a t i o n  
of  r e g u l a t i o n s  (10  CFR P a r t  790) as they  a p p l y  t o  t h e  ERDA Geothermal Loan 
Guarantee  Program. 

To a c h i e v e  t h e s e  o b j e c t i v e s ,  t h e  fo l lowing  fou r - s t ep  approach  w i l l  be used: 

S t e p  1--Develop System Concept Through t h e  I n t e r v i e w  Cycle  

T h i s  s t e p  w i l l  e n t a i l  in -depth  i n t e r v i e w s  wi th  key members of  ERDA s t a f f  
t o  deve lop  o v e r a l l  d e s i g n  concep t s  and in fo rma t ion  r equ i r emen t s  i n  o r d e r  
t o  e s t a b l i s h  an  i n i t i a l  format  f o r  t h e  Loan Guarantee  A p p l i c a t i o n  package. 

S t e p  Z--Prepare P r e l i m i n a r y  Package 

A f t e r  comple t ion  of S tep  1 ,  t h e  c o n t r a c t o r  w i l l  proceed t o  t h e  development 
and assembly of t h e  l o a n  g u a r a n t e e  package. A f t e r  t h e  p r e l i m i n a r y  package 
has  been  assembled and approved by ERDA, i t  will be s e n t  t o  ERDA-selected 
i n d u s t r y  p a r t i c i p a n t s  and f i n a n c i a l  i n s t i t u t i o n s  f o r  rev iew and  comments. 

S t e p  3--Perform I n d u s t r y  and Lender Review 

Meet ings  between ERDA-selected i n d u s t r y  and l e n d e r  p a r t i c i p a n t s  and teams 
composed of bo th  ERDA and c o n t r a c t o r  pe r sonne l  w i l l  be h e l d  t o  e l i c i t  
i n d u s t r y  and l e n d e r  inpu t .  

S t e p  4--Delivery of F i n a l  A p p l i c a t i o n  Package 

Fol lowing  agreement on changes  t o  be made from S t e p  3, a l l  m a t e r i a l  t o  be 
con ta ined  i n  t h e  Loan Guarantee  Package w i l l  be f i n a l i z e d .  

, 
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r  : 

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

Con t rac t  Term: 

Repor t s  I s sued :  

The Geothermal Resource Indus t ry :  P r o f i l e  and 
I n c e n t i v e s  A n a l y s i s  

E (04-3 )-0113 

U n i v e r s i t y  of  Southern  C a l i f o r n i a  School of Law 
Los Angeles,  C a l i f o r n i a  

Chr i s tophe r  D. S tone  
(213) 746-2180 

Randa l l  C. S tephens  
(202) 376-4897 
FTS 376-4897 

To develop  an  in-depth p r o f i l e  of t h e  p r e s e n t  s t a t u s  
of  t h e  geothermal  r e source  i n d u s t r y  and a s s e s s  p o l i c y  
o p t i o n s  t o  s t i m u l a t e  inves tment  i n  geothermal  
development. 

FY 75 - -- 
FY 76ITQ - S185K 
611176-8/31/77 

None 

P r o j e c t  T i t l e :  T h e  Geothermal Resource I n d u s t r y :  P r o f i l e  and 
I n c e n t i v e s  A n a l y s i s  

Con t rac t  No: E(04-3)-0113 

SUMMARY 

In  t h i s  p r o j e c t ,  an  in-depth p r o f i l e  of t h e  p r e s e n t  s t a t u s  of t h e  
geothermal  resource  i n d u s t r y  will be developed  wi th  emphasis on s o u r c e s  
of c a p i t a l ,  and a l t e r n a t i v e  F e d e r a l  Government p o l i c y  o p t i o n s  w i l l  be 
a s s e s s e d  f o r  s t imu la t ion  of i n c r e a s e d  inves tment  i n  geothermal  develop- 
ment. 

To i n i t i a t e  t h e  development of t h e  in-depth  p r o f i l e ,  t h e  i n v e s t i g a t o r s  
submi t t ed  p re l imina ry  i s s u e  pape r s  d i s c u s s i n g  p o l i c y  o p t i o n s  and t h e i r  
impact on t h e  geothermal r e s o u r c e  i n d u s t r y  i n  two a reas .  These p re l imi -  
nary  pape r s  d e a l t  w i t h  a l t e r n a t i v e  Fede ra l  t ax  p o l i c i e s  and  wi th  
v e r t i c a l  i n t e g r a t i o n  i n  u t i l i t i e s .  F u r t h e r  a n a l y s i s  of  t h e s e  t o p i c s  
w i l l  c o n t i n u e ,  and o t h e r  p o l i c i e s  a f f e c t i n g  inves tment  d e v i c e s  w i l l  a l s o  
be reviewed in-depth. 
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6.2 Economic, Policy and Planning Analysis 

P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r  : 

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding : 

C o n t r a c t  Term: 

Repor ts  I s sued :  

State Water Law and Geothermal Resource Development 

E(l1-1)-4016 

Ind iana  U n i v e r s i t y  School  of  Law 
Bloomington, I n d i a n a  

A. Dan Ta r lock  
(812) 337-6455 

Randal l  C. S tephens  
(202) 376-4897 
FTS 376-4897 

The purpose of t h e  p r o j e c t  i s  t o  ana lyze  the 
r e l a t i o n s h i p s  and e f f e c t s  of S t a t e  wa te r  law o n  
geothermal  r e s o u r c e  development i n  Western S t a t e s .  

FY 75 - -- 
FY 76lTQ - $ 63K 

611176-8/31/77 

None 
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P r o j e c t  T i t l e :  S t a t e  Water Law and Geothermal Resource Development 

C o n t r a c t  No: E(ll-1)-4016 

SUMMARY 

The p r o j e c t  w i l l  be i n i t i a t e d  wi th  a su rvey  o f  c u r r e n t  c a s e s ,  
l e g i s l a t i o n ,  and secondary  l i t e r a t u r e  d e a l i n g  wi th  water law t o  i d e n t i f y  
p r e s e n t  d o c t r i n e s  and major  a r e a s  of  p o t e n t i a l  c o n f l i c t s  and problems. 
Through d i s c u s s i o n s  and i n t e r v i e w s  wi th  S t a t e  r e g u l a t o r y  o f f i c i a l s  and 
i n d u s t r y  r e p r e s e n t a t i v e s ,  t h e  s i g n i f i c a n c e  of  problem a r e a s  w i l l  be 
a s s e s s e d  and t h e  impacts  of  a l t e r n a t i v e  l e g a l  t r e a t m e n t s  will be 
de termined .  

An assessment  w i l l  be made of t h e  s ta te  of c u r r e n t  s c i e n t i f i c  knowledge 
r ega rd ing  t e c h n i c a l  q u e s t i o n s  t h a t  a r e  r e l e v a n t  t o  t h e  e s t a b l i s h m e n t  of 
l e g a l  r e l a t i o n s h i p s  between water and geothermal  r e sources .  The most 
s i g n i f i c a n t  unreso lved  t e c h n i c a l  q u e s t i o n s  w i l l  be i d e n t i f i e d ,  and t h e  
impact of  t e c h n i c a l  u n c e r t a i n t i e s  o n  e s t a b l i s h m e n t  of l e g a l  regimes will 
be desc r ibed .  

A f i n a l  r e p o r t  w i l l  be prepared  d e s c r i b i n g  t h e  s ta te  of p r e s e n t  wa te r  
l a w  i n  t h e  Western S t a t e s  as i t  r e l a t e s  t o  geothermal  r e s o u r c e s ,  assess- 
i n g  t h e  impacts  of  c u r r e n t  d o c t r i n e s  on geothermal  development and 
competing i n t e r e s t s ,  p ropos ing  a l t e r n a t i v e  l e g a l  s t r u c t u r e s ,  and desc r ib -  
i ng  t h e  p o l i c y  c o n s i d e r a t i o n s  f a v o r i n g  o r  opposing t h e s e  a l t e r n a t i v e s .  



P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r  : 

Program Manager: 

P ro  j e c  t Ob j e c  t i v  e : 

Funding: 

C o n t r a c t  Term: 

Repor t s  I s s u e d :  

Na t iona l  Geothermal In fo rma t ion  Resource (GRID) 

W-7405-ENG-48 

Lawrence Berke ley  Labora to ry  
Berke ley ,  C a l i f o r n i a  

Sidney P h i l l i p s  
(415)  843-2740, Ext.  5818 
FTS 451-5818 

Seymour S h w i l l e r  
(202)  376-4897 
FTS 376-4897 

To p rov ide  a system f o r :  d a t a  compi l a t ion ;  
s c i e n t i f i c .  e v a l u a t i o n  and a n n o t a t i o n ;  w r i t i n g  of 
r e f e r e n c e  a b s t r a c t s ,  development and implementa- 
t i o n  of improved compi l a t ion ;  i n fo rma t ion -hand l ing ;  
and compute r i za t ion  p rocedures  and t echn iques .  

FY 75 - -- 
FY 76/TQ - $ 75K 

7/1/75-9/30/77 

S.  L. P h i l l i p s ,  e t .  a l . ,  "Review o f  Geothermal 
Subsidence,"  Lawrence Berkeley Laboratory r e p o r t  
LBL-3220 (September 1975) 

6.3 Technology Utilization and Information Dissemination 
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P r o j e c t  T i t l e :  Na t iona l  Geothermal In fo rma t ion  Resource (GRID) 

C o n t r a c t  No: W-7405-ENG-48 

SUMMARY 

The pr imary mis s ion  of G K I D  i s  t o  a c t  as t h e  f o c a l  p o i n t  f o r  t h e  
c o l l e c t i o n ,  o r g a n i z a t i o n  and d i s s e m i n a t i o n  of  c r i t i c a l l y  e v a l u a t e d  and 
ana lyzed  d a t a  r e l evan t  t o  t h e  u t i l i z a t i o n  of geo the rma l  ene rgy .  The 
d a t a  i n c l u d e  bo th  s i te-dependent  and b a s i c  s c i e n t i f i c  i n f o r m a t i o n  
which are g a t h e r e d  from t h e  pub l i shed  l i t e r a t u r e  and through exchange 
agreements  w i t h  p a r t i c i p a t i n g  U.S. and worldwide d a t a  bases .  The geo- 
the rma l  in fo rma t ion  and numerical  d a t a  are computer-f i led and dissemi-  
n a t e d  t o  t h e  geothermal community i n  t h e  f o l l o w i n g  forms: ( 1 )  indexed 
and anno ta t ed  b i b l i o g r a p h i e s ;  ( 2 )  t a b u l a t e d  uneva lua ted  numer i ca l  d a t a ;  
( 3 )  t a b u l a t e d  evaluated numer i ca l  d a t a ;  and ( 4 )  r e p o r t s  on  a c r i t i c a l  
r ev iew o f  t h e  c u r r e n t  s t a t u s  o f  i n f o r m a t i o n  i n  s e l e c t e d  areas of  geo- 
the rma l  s c i e n c e  and technology.  The d a t a  and r e p o r t s  are reviewed by 
acknowledged e x p e r t s  p r i o r  t o  g e n e r a l  d i s semina t ion .  

The fo l lowing  p r i n c i p a l  t a s k s  a r e  i n  p rogres s :  (1) development of  t h e  
computer f i l e  b i b l i o g r a p h i c  fo rma t s ;  ( 2 )  e s t a b l i s h  c o n t a c t s  f o r  coopera- 
t i v e  d a t a  exchange; (3)  compi l a t ion  and review of subs idence ,  hydrogen 
s u l f i d e ,  e x p l o r a t i o n ,  sodium c h l o r i d e  b a s i c  p r o p e r t i e s ;  (4 )  s i t e -  
dependent  r e s e r v o i r  c h a r a c t e r i s t i c s ;  and ( 5 )  p roposa l  work p l a n  f o r  
we 11-logging . 
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6.3 Technology Utilization and Information Dissemination 

P r o j e c t  T i t l e :  

Con t rac t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

Con t rac t  Term: 

Repor ts  I s sued :  

P r i n t i n g  of Proceedings  of t h e  2nd United Nat ions  
Symposium on t h e  Development and Use of Geothermal 
Resources  

N/A ( L e t t e r  t o  ERDA/San F r a n c i s c o  Opera t ions  O f f i c e )  

Lawrence Berke ley  Labora tory  
Berke ley ,  C a l i f o r n i a  

Char l e s  P e z z o t t i  
(415) 843-2740, Ext. 6003 
FTS 451-6003 

Seymour Shwil l e r  
(202) 376-4897 
FTS 376-4897 

P rov ide  c o p i e s  of t h e  p roceed ings  t o  p a r t i c i p a n t s  of  
t h e  Symposium. 

FY 75 - -- 
FY 76/TQ - $ 85K 

7/1/75-10/31/76 

None 
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P r o j e c t  T i t l e :  P r i n t i n g  of P roceed ings  of  t h e  2nd United Na t ions  
Symposium on t h e  Development and Use of Geothermal 
Resources  

N/A ( L e t t e r  t o  ERDA/San F r a n c i s c o  Opera t ions  O f f i c e )  Con t rac t  No: 

To p rov ide  2100 c o p i e s  of the  symposium p roceed ings  to  be d i s t r i b u t e d - a s  
f o l l o w s  : 

1200 c o p i e s  t o  
300 c o p i e s  t o  
300 c o p i e s  t o  
300 c o p i e s  t o  

p a r t i c i p a n t s  
ERDA 
t h e  S e c r e t a r i a t  o f  t h e  United Na t ions  
t h e  United S t a t e s  Organiz ing  Committee, Inc .  

P.O. Box 7798 
San F ranc i sco ,  C a l i f o r n i a  94120 

The symposium was hos t ed  by t h e  fo l lowing  U.S. Government agenc ie s :  

Department of t h e  I n t e r i o r  
Department of S t a t e  
Na t iona l  Sc ience  Foundat ion  

by t h e  State  of C a l i f o r n i a :  

The O f f i c e  of t h e  Governor 
S t a t e  of C a l i f o r n i a  Resources Agency 
The U n i v e r s i t y  of  C a l i f o r n i a  

and by t h e  S e c r e t a r i a t  of  t h e  United Nat ions .  

P u b l i c a t i o n  and d i s t r i b u t i o n  of t h e  proceedings  i s  expec ted  by October 
1976. 
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Appendix A - Completed C o n t r a c t s  

A . l  Eng inee r ing  Research  and Development 

Rock-Melting "Subter rene"  System Development.............. A-3 
Los Alamos S c i e n t i f i c  Labora tory  

A.2  Resource Exp lo ra t ion  and Assessment 

High Temperature A m p l i f i e r  Development Program............ 
Mechanics Research ,  Inc .  

F e a s i b i l i t y  of  Using a Magnetohydrodynamic Genera tor  
f o r  E lec t romagne t i c  Soundings of t h e  Earth................ A-7 
Montana Co l l ege  of Minera l  Sc ience  and Technology 

Acce le ra t ed  Assessment of t h e  Geothermal Resources of  
t h e  U.S................................................... A-8 
U.S. Department of t h e  I n t e r i o r  
Geo log ica l  Survey 

Geologica l -Geophys ica l  Eva lua t ion  of t h e  Hot Spr ings  
Area,  Bath County, Virginia............................... A-9 
V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e  and S t a t e  U n i v e r s i t y  

Eva lua t ion  of a Geothermal Area of Abnormally High 
Heat Flow a t  M a r y s v i l l e ,  Montana.......................... A-10 
Bat te l le  \ P a c i f i c  Northwest Labora to ry  

A-6 

r'- 
A.3 Hydrothermal Technology A p p l i c a t i o n s  

A l l  c o n t r a c t s  i n  t h i s  ca t egory  a r e  c u r r e n t l y  a c t i v e .  

A.4 Advanced Technology A p p l i c a t i o n s  

Geothermal Resource U t i l i z a t i o n  Technology: 
Geothermal Energy Development--Geopressure................ A-11 
Lawrence Livermore Labora to ry  

Development of an  Assessment Methodology f o r  
Geopressured  Zones of t h e  Upper Gulf Coast Based 
on a Study of Abnormally P res su red  Gas F i e l d s  i n  
South  T e x a s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A-12 
Southwest Research  I n s t i t u t e  

3 

A.4 Advanced Technology App l i ca t ion  ( con t inued)  

P re l imina ry  Eva lua t ion  of  Geothermal Resources of 
t h e  Middle Texas Gulf Coast--Geopressured Evaluation.. . . . .  
U n i v e r s i t y  of  Texas a t  Aus t in  

U.S. Gulf Coast Geopressured Geothermal Resource 
Management and Scope-of-Work Study f o r  Genera t ion  of 
E l e c t r i c  Power............................................ 
U n i v e r s i t y  of Texas a t  Aus t in  

A.5 U t i l i z a t i o n  Experiments 

U t i l i z a t i o n  exper iment  a c t i v i t y  is a n t i c i p a t e d  t o  be  
i n i t i a t e d  i n  FY 1978. 

A.6 Environmental  Con t ro l  and I n s t i t u t i o n a l  S t u d i e s  

Geothermal Resources  S tudy  i n  t h e  S a l t o n  Sea Region of 
C n l i f o r n i a  ................................................ 
C a l i f o r n i a  I n s t i t u t e  of Technology 

Geothermal Program D e f i n i t i o n  P r o j e c t  (GPDP).............. 
NASA-Jet P ropu l s ion  Labora tory  

P lann ing  Support  f o r  Geothermal Energy Program 
A c t i v i t i e s  ................................................ 
B e c h t e l  Corpora t ion  

Techn ica l  Support  and S e r v i c e s  f o r  Development of 
Non-Electric Geothermal A p p l i c a t i o n s  Program.. ............ 
The M I T R E  Corpora t ion ,  METREK Div i s ion  

Suppor t  t o  ERDA Geothermal Energy Program Planning........ 
The MITRE Corpora t ion ,  METREK D i v i s i o n  

Exper imenta l  Geothermal Research  F a c i l i t i e s  S tudy  
(Phase  O)................................................. 
TRW Systems Group, TUW, I n c .  

P l a n n i n g  Support  t o  Div i s ion  of Geothermal Energy, 
Energy Research and Development Administration............ 
TRW Systems Group, TRW, I n c .  

3 

A-13 

A-14 

A-15 

A-17 

A-18 

A-19 

A-20 

A-21 

A-22 

Appendix A - Completed Contracts A-1 Revised September 1, 1976 



Appendix A - Completed Contracts 

a 
A.6 Environmental  Con t ro l  and I n s t i t u t i o n a l  S t u d i e s  ( con t inued)  

Conference on Geopressured Geothermal Energy: 
Research  and Development................................... A-23 
U n i v e r s i t y  of Texas a t  Aus t in  

Suppor t  f o r  P r e p a r a t i o n  of Geothermal Energy Program 
Approval Document.......................................... A-24 
Systems C o n s u l t a n t ,  Inc .  

Survey-Worldwide Geothermal Information.................... A-25 
The F r a n k l i n  I n s t i t u t e  Research  L a b o r a t o r i e s  

A-2 Revised September 1,1976 
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P r o j e c t  T i t l e :  Roc k-Me 1 t ing  "Sub t e r r e n e "  Sy s t em Development 

Con t rac t  No: W-7405-ENG-36 

C o n t r a c t o r :  Los Alamos S c i e n t i f i c  Labora tory  
Los Alamos, New Mexico 

P r i n c i p a l  C. A. Bankston 
I n v e s t i g a t o r :  (505) 667-6677 

FTS 843-6677 

Program Manager: C l i f t o n  Carwi le  
(202) 376-4912 
FTS 376-4912 

P r o j e c t  Ob jec t ive :  The primary o b j e c t i v e  of t h e  Los Alamos Sub te r r ene  
P r o j e c t  w a s  t h e  development of  a nove l  d r i l l i n g  tech- 
nology based upon t h e  p r o g r e s s i v e  l o c a l  me l t ing  of 
rocks  and s o i l s .  

Funding : FY 75 - $912K 
FY 76 - $900K 

Cont rac t  Term: 711174-6130176 

Date  Completed: (Termina ted  6/30/76) 

Repor ts  I s sued :  ( s e e  l i s t  a f t e r  "Summary") 

A. l  Engineering Research and Development 

3 

A-3 

P r o j e c t  T i t l e :  Rock-Melting "Subter rene"  System Development 

Con t rac t  No: W-7405-ENG-36 

SUMMARY 

In t h e  cour se  of t h i s  p r o j e c t ,  which w a s  t e rmina ted  a t  t h e  end of FY 76. 
a series of  e l e c t r i c a l l y  hea ted ,  smal l -d iameter  p ro to type  m e l t i n g  pene- 
t r a t o r s  had been developed and t e s t e d  i n  a wide v a r i e t y  of  ha rd  rock and 
s o f t  ground formations.  The long-term goa l  of t h e  p r o j e c t  w a s  t o  deve lop  
technology and hardware which would u l t i m a t e l y  l e a d  t o  p r a c t i c a l  d e v i c e s  
f o r  p e n e t r a t i n g  in to  deep ,  h o t ,  ha rd  fo rma t ions  f o r  geothermal  energy  
e x p l o r a t i o n  and e x t r a c t i o n .  The proposed method produces  a l i q u i d  rock- 
mel t  t h a t  can  be c h i l l e d  t o  a g l a s s  and formed i n t o  a dense ,  s t r o n g ,  f i r m l y  
a t t a c h e d  h o l e  l i n ing .  I t  i s  p r o j e c t e d  from t h e  b a s i c  n a t u r e  of  t h e  rock- 
me l t ing  p rocess  tha t  it is i d e a l l y  s u i t e d  f o r  t h e  h igh- tempera ture  problems 
encountered  i n  deep d r i l l i n g .  

The c r i t i c a l  engineer ing  problems have been i d e n t i f i e d  and a 5-year program 
p l a n  which would cu lmina te  i n  a deep d r i l l i n g  demons t r a t ion  has  been 
developed. 
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P r o j e c t  T i t l e :  Roc k-Me 1 t ing  "Sub t e r r ene"  Sy s t e m  Development 

Con t rac t  No: W-7405-ENG-36 

Repor t s  I s sued :  

LOS ALAMOS SCIENTIFIC LABORATORY REPORTS 

E. S.  Robinson, R. M. P o t t e r ,  B. B. McInteer ,  J. C. Rowley, D. E. 
Armstrong, R. L. M i l l s ,  and M. C. Smith,  E d i t o r ,  "A P re l imina ry  Study 
of  t h e  Nuclear Sub te r r ene , "  Los Alamos S c i e n t i f i c  Labora to ry  r epor t  
LA-4547 ( A p r i l  1971).  

R. G. Gido. "Sub te r r ene  P e n e t r a t i o n  Rate /Mel t ing  Power Re la t ionsh ip , "  
Los Alamos S c i e n t i f i c  Labora tory  r e p o r t  LA-5204-MS (March 1973).  

J. W. Neudecker, A. J. Giger ,  P. E. Armstrong, "Design and Development 
of P ro to type  Un ive r sa l  Ext ruding  Sub te r r ene  P e n e t r a t o r s , "  Los Alamos 
S c i e n t i f i c  Labora tory  r e p o r t  LA-5205-MS (March 1973) .  

D. L. Sims, " I d e n t i f i c a t i o n  of P o t e n t i a l  App l i ca t ions  f o r  Rock-Melting 
Subter renes ."  Los Alamos S c i e n t i f i c  Labora tory  r e p o r t  LA-5206-MS 
(February  1973) .  

D. J. Murphy and R. G. Gido, "Heat Loss C a l c u l a t i o n s  f o r  Small  Diameter 
Sub te r r ene  P e n e t r a t o r s , "  Los Alamos S c i e n t i f i c  Labora tory  r e p o r t  
LA-5207-MS (February  1973) .  

M. C. Krupka, "Phenomena Assoc ia t ed  wi th  t h e  Process  o f  Rock Melting - 
A p p l i c a t i o n  t o  t h e  Sub te r r ene  System," Los Alamos S c i e n t i f i c  Laboratory 
r e p o r t  LA-5208-MS (February  1973) .  

R. E. W i l l i a m s ,  "Development and C o n s t r u c t i o n  of a Modularized Mobile 
Rock-Melting Sub te r r ene  Demonst ra t ion  Uni t , "  Los Alamos S c i e n t i f i c  
Labora tory  r e p o r t  LA-5209-MS (March 1973) .  

P. E. Armstrong, "Sub te r r ene  E l e c t r i c a l  Heater Design and Morphology," 
Los Alamos S c i e n t i f i c  Labora tory  r e p o r t  LA-5211-MS (February  1 9 7 4 ) .  

J. W. Neudecker, "Design D e s c r i p t i o n  of  Mel t ing-Consol ida t ing  Pro to type  
Sub te r r ene  P e n e t r a t o r s . "  Los Alamos S c i e n t i f i c  Labora tory  r e p o r t  
LA-5212-MS (February  1973) .  

R. E. W i l l i a m s  and J. E. Gr iggs ,  "Use of t h e  Rock-Melting Subter rene  
f o r  Formation of Dra inage  Holes i n  Archaeo log ica l  S i t e s , "  Los Alamos 
S c i e n t i f i c  Labora tory  r e p o r t  LA-5370-MS (August 1973).  
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P r o j e c t  T i t l e :  Roc k-Me 1 t ing  "Sub t e r r e n e "  Sy s t e m  Development 

Con t rac t  No: W-7405-ENG-36 

Repor ts  I s sued  ( con t inued)  

D. L. S i m s ,  "A Versatile Rock-Melting System f o r  t h e  Formation of 
Small-Diameter Hor i zon ta l  Glass-Lined Holes ,"  Los Alamos S c i e n t i f i c  
Labora tory  r e p o r t  LA-5422-MS (October  1973) .  

J. W. Neudecker, "Conceptual Design of a Coring S u b t e r r e n e  
Geoprospec tor , "  Los Alamos S c i e n t i f i c  Labora tory  r e p o r t  LA-5517-MS 
(February  1974) .  

John H. A l t se imer ,  "Geothermal Well Technology and P o t e n t i a l  
A p p l i c a t i o n s  of S u b t e r r e n e  Devices - A S t a t u s  Review," Los Alamos 
S c i e n t i f i c  Labora tory  r e p o r t  LA-5689 (August 1974).  

W. A. S t a r k ,  Jr. and M. C. Krupka, "Chemical Cor ros ion  of Molybdenum 
and Tungsten i n  Liquid  B a s a l t ,  T u f f ,  and G r a n i t e  w i th  A p p l i c a t i o n  t o  
S u b t e r r e n e  P e n e t r a t o r s , "  Los Alamos S c i e n t i f i c  Labora tory  r e p o r t  
LA-5857-MS (February  1975) .  

W. C. Tu rne r ,  "Unique Ref rac to ry  Techniques f o r  F a b r i c a t i n g  Sub te r r ene  
P e n e t r a t o r s , "  Los Alamos S c i e n t i f i c  Labora tory  r e p o r t  LA-6038-MS 
(September 1975).  

M. C. Krupka, "Melting of  Limestone Kocks," Los Alamos S c i e n t i f i c  
Labora to ry  memo S-31, ( J anua ry  1972).  

J. W. Neudecker, "F i f ty-Foot  Hole Melted by Two-Inch Diameter Sub te r r ene , "  
Los Alamos S c i e n t i f i c  Labora to ry  memo S-37, (February  1972).  

L. W. McDonough, "Eighty-Three Foot Sub te r r ene  Hole," Los Alamos S c i e n t i f i c  
Labora to ry  memo S-48, ( June  1972).  

J. W. Neudecker, "Melt Removal Methods i n  Un ive r sa l  Rock Melters," 
Los Alamos S c i e n t i f i c  Labora to ry  memo 5-53, (October  1972).  

R. G. Gido, " L i t e r a t u r e  Review on  Glass-Melt Handling," Los Alamos 
S c i e n t i f i c  Labora tory  memo S-54, (October  1972).  

R. E. W i l l i a m s ,  "Melting a 50mm Hor izon ta l  Hole i n  Tuf f , "  Los Alamos 
S c i e n t i f i c  Labora tory  memo S-60, (December 1972) .  
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A. J. G ige r ,  "Un ive r sa l  Rock D r i l l  Development," Los Alamos S c i e n t i f i c  
Labora tory  memo 5-61, ( J anua ry  1973).  

J. H. Al t se imer .  "Rock Mel t ing  Systems f o r  Producing Deep Geothermal 
Wel l s - -A  P r e l i m i n a r y  Review," Los Alamos S c i e n t i f i c  Labora tory  t e c h n i c a l  
b r i e f ,  (September 1975).  

PUBLICATIONS 

R. J. Hanlod, "The Sub te r r ene  Rock Mel t ing  Excavat ion  Program," Proceedings  
of  t h e  1 5 t h  Symposium on Rock Mechanics,  Na t iona l  Committee on Rock 
Mechanics ( N a t i o n a l  Academy of S c i e n c e ) ,  South  Dakota School of Mines and 
Technology, C u s t e r ,  South  Dakota,  September 17-19, 1973. 

J. C. Rowley, R. J. Hanold, C. A. Bankston and J.  W. Neudecker,  "Rock 
Mel t ing  Subter renes- -Thei r  Role i n  Fu tu re  Technology," P roceed ings  of  
1974 Rapid Excavat ion  and Tunneling Conference,  Volume 2,  American 
I n s t i t u t e  of Mining Engineers ,  San F ranc i sco ,  C a l i f o r n i a ,  June  24-27, 1974. 

J. C. Rowley, "Rock Mel t ing  Applied t o  Excavat ion  and Tunnel ing ,"  
Proceedings  of  t h e  3rd  I n t e r n a t i o n a l  Congress ,  I n t e r n a t i o n a l  S o c i e t y  o f  
Rock Mechanics,  Denver,  Colorado ,  September 1-7, 1974. 

J. C. Rowley, "Rock Mel t ing  Technology and Geothermal D r i l l i n g , "  
Proceedings  of  t h e  Conference on Research f o r  Development of Geothermal 
Energy Resources,  Na t iona l  Sc ience  Foundat ion  and Atomic Energy Commission, 
C a l i f o r n i a  I n s t i t u t e  of  Technology, Pasadena, C a l i f o r n i a ,  September 23, 1974. 
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P r o j e c t  T i t l e :  High Temperature Ampl i f i e r  Development Program 

Con t rac t  No: E(04-3)-1184 

Con t rac to r :  Mechanics Research ,  Inc .  
Los Angeles ,  C a l i f o r n i a  

P r i n c i p a l  Ronald D. Ke l ly  
I n v e s t i g a t o r :  (213)  670-4650 

Program Manager: La r ry  B a l l  
( 202)  376-4914 
FTS 376-4914 

P r o j e c t  Ob jec t ive :  To d e s i g n  and b u i l d  an  a m p l i f i e r  f o r  use  i n  geothermal  
logg ing  sondes  wi th  a t empera tu re  c a p a b i l i t y  o f  25OOC. 

Funding : FY 75 - -- 
FY 76 - $33K 

Con t rac t  Term: 1 / 7  6-4 I7 6 

Date Completed: 5 /76  

Repor ts  I s sued :  W. Cannon, "Development of a P ro to type  High Temperature 
Ampl i f i e r  f o r  Geothermal Well Logging--Final Repor t , "  
Mechanics Research r e p o r t  MRI-2870, (May 1976). 
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P r o j e c t  T i t l e :  High Temperature Ampl i f i e r  Development Program 

Con t rac t  No: E(04-3)-1184 

SUMMARY 

An a m p l i f i e r  w a s  des igned  and t e s t e d  bo th  i n  t h e  l a b o r a t b r y  and i n  a ho t  
borehole .  The d e s i g n  used commercial ceramic  t u b e s  and was b u i l t  f o r  
i n c l u s i o n  i n  a s e a l e d  sonde. The b a s i c  a m p l i f i e r  c h a r a c t e r i s t i c s  are: 

1. Continuous o p e r a t i o n  a t  25OoC ( a  1000 hour l i f e  t e s t  w a s  accomplished 
c o n s i s t i n g  of c y c l e s  of  48 hour s  a t  26OoC and 2 hours  a t  room temper- 
a t u r e ) .  

2 .  Nominal g a i n  of 40 db ( 4 5  db was achieved  i n  d i r e c t  coupled  mode and 
31 db wi th  AC coup l ing ) .  

3. F l a t  f requency  response  from 1 Hz t o  above 40 kHz. ( A  t y p i c a l  l ogg ing  
c a b l e  w i l l  l i m i t  t h e  r e sponse  t o  a,bout 1.2 kHz.) 

4. Packaged t o  f i t  w i t h i n  a 3 112 i n c h  d i ame te r  sonde. (The a m p l i f i e r  
c i r c u i t  board is mounted i n  a c y l i n d r i c a l  s h e l l  8 112 i n c h e s  long  
and 3 i n c h e s  i n  d i ame te r . )  

M R I  i n t e n d  t o  make t h e  a m p l i f i e r  a v a i l a b l e  commercially.  
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P r o j e c t  T i t l e :  F e a s i b i l i t y  o f  Using a Magnetohydrodynamic Genera to r  
f o r  E lec t romagne t i c  Soundings of  t h e  Ea r th  

C o n t r a c t  No: E(45-1)-2426* 

C o n t r a c t o r :  Montana Co l l ege  of  Mine ra l  Sc ience  and Technology 
B u t t e ,  Montana 

P r i n c i p a l  David Fleming 
I n v e s t i g a t o r :  (406) 792-8321, e x t .  278 

Program Manager: La r ry  B a l l  
(202) 376-4914 
FTS 376-4914 

P r o j e c t  O b j e c t i v e :  To i n v e s t i g a t e  t h e  f e a s i b i l i t y  o f  u s i n g  a 
magnetohydrodynamic (MHD) g e n e r a t o r  t o  e v a l u a t e  
geothermal  a r e a s  through e l e c t r o m a g n e t i c  soundings 
o f  t h e  e a r t h .  

Funding : FY 75 - -- 
FY 76lTQ - $8K 

C o n t r a c t  Term: 3115176-7/15/76 

Date Completed: 7/15/76 

Repor t s  I s sued :  F i n a l  r e p o r t  be ing  pub l i shed .  

* T h i s  p r o j e c t  encompasses Task Agreement No. 1 unde r  t h e  r e fe renced  
c o n t r a c t .  
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P r o j e c t  T i t l e :  F e a s i b i l i t y  o f  Using a Magnetohydrodynamic Genera to r  
f o r  E lec t romagne t i c  Soundings of t h e  E a r t h  

C o n t r a c t  No: E (45-1 )-2426 

SUMMARY 

There are numerous geothermal  areas which cou ld  be more c l e a r l y  d e l i n e a t e d  
through t h e  use  of advanced e l ec t romagne t i c  soundings made from t h e  s u r f a c e .  
The dep th  and r e s o l u t i o n  of p r e s e n t  systems a r e  l a r g e l y  n o i s e  or  f requency/  
wave l e n g t h  l imi t ed .  The o b j e c t i v e  of  t h i s  s tudy  i s  t o  c o n s i d e r  t h e  use of 
more e x o t i c  r e c e i v e r s  i n  con junc t ion  w i t h  a h igh  powered s o u r c e  o p e r a t i n g  
i n  t h e  t i m e  domain. 

The f e a s i b i l i t y  s tudy accomplished some b a s i c  e n g i n e e r i n g  on  t h e  use  of a n  
MHD p u l s e  g e n e r a t o r  i n  c o n j u n c t i o n  w i t h  p u l s e  s t a c k i n g  r e c e i v e r s .  The 
Kussians have b u i l t  and s u c c e s s f u l l y  used MHD g e n e r a t o r s  f o r  g e o p h y s i c a l  
p rospec t ing .  Thus, t e c h n i c a l l y ,  t h e  concept  is f e a s i b l e .  

F i v e  i n s t i t u t i o n s  a r e  proposing t o  coope ra t e  on a program t o  p r o v i d e  
( b u i l d  o r  lease) a p u l s e  g e n e r a t o r  w i t h  compa t ib l e  r e c e i v e r s  f o r  t h e  U . S .  
The program would be c o o r d i n a t e d  by t h e  I n s t i t u t e  f o r  E lec t romagne t i c  
Kesearch i n  Colorado. 

September 1, 1976 
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P r o j e c t  T i t l e :  Acce le ra t ed  Assessment of  t h e  Geothermal Resources 
of  t h e  U.S. 

Con t rac t  No: E(49-27)-1001 

Con t rac to r :  U.S. Department of t h e  I n t e r i o r  
Geo log ica l  Survey 
O f f i c e  of Geochemistry and Geophysics 
Res ton ,  V i r g i n i a  

P r i n c i p a l  Richard  F i ske  
I n v e s t i g a t o r :  (703) 860-6584 

FTS 928-6584 

Program Manager: J. W. S a l i s b u r y  
(202)  376-4914 
FTS 376-4914 

P r o j e c t  Ob jec t ive :  To a c c e l e r a t e  geothermal  r e source  assessment.  

Funding: FY 75 - $343K 
FY 76 - -- 

Cont rac t  Term: 2126175-12/31/75 

Date Completed: 12 /31/75  

Repor ts  I s sued :  Assessment of t h e  Geothermal Resources  of t h e  
United S t a t e s  - 1975. E d i t o r s :  D. E. White 
and D. L. W i l l i a m s ,  U.S. Geo log ica l  Survey 
C i r c u l a r  726, J u l y  1975. 

Open F i l e s  Repor ts  - d a t a  s h e e t s  i n  i n d i v i d u a l  
geothermal  sys tems,  U.S. Geo log ica l  Survey, 
Menlo Pa rk ,  C a l i f o r n i a .  
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P r o j e c t  T i t l e :  Acce le ra t ed  Assessment of  t h e  Geothermal Resources  
of t he  U.S. 

Con t rac t  No: E(49-27)-1001 

SUMMARY 

Thi s  p r o j e c t  w a s  des igned  t o  p rov ide  as d e t a i l e d  a n  assessment  of  t h e  
geothermal  r e s o u r c e s  of  t h e  U.S. a s  d a t a  a v a i l a b l e  i n  e a r l y  1975 would 
permi t .  Most of  t h e  work was completed and pub l i shed  as USGS C i r c u l a r  
726. The remainder w a s  subcon t rac t ed  t o  The A n a l y t i c a l  Sc iences  
Corpora t ion  (TASC) t o  per form a s t a t i s t i c a l  ( p a t t e r n  r e c o g n i t i o n )  
assessment  s tudy  u t i l i z i n g  t h e  v a r i o u s  t y p e s  of  d e t a i l e d  geophys ica l  
and g e o l o g i c a l  d a t a  a v a i l a b l e  in t h e  S t a t e  of Nevada. 

The work performed on t h i s  p r o j e c t ,  and pub l i shed  as USGS C i r c u l a r  726, 
c o n s i s t e d  of a c a r e f u l  a s s i m i l a t i o n  of a v a i l a b l e  g e o l o g i c a l ,  geophysi-  
c a l ,  geochemical and hydro log ic  d a t a .  The USGS used t h i s  t o  de t e rmine  
t h e  d i s t r i b u t i o n  and magnitude of t h e  h e a t  i n  t h e  ground " re source  
base." F i n a l l y  t h e y  made a s imple  t e c h n o l o g i c a l  and economic a n a l y s i s  
of  what p a r t  of t h e  r e s o u r c e  base  was r ecove rab le  a s  t he rma l  and elec- 
t r i c  energy. 



P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  O b j e c t i v e :  

Funding: 

C o n t r a c t  Term: 

Date Completed: 

Repor ts  I s s u e d :  

Geological-Geophysical E v a l u a t i o n  of t h e  Hot S p r i n g s  
Area, Bath County, V i r g i n i a  

E(40-1)-4920 

V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e  and S t a t e  U n i v e r s i t y  
Blacksburg ,  V i r g i n i a  

John K. C o s t a i n  
(703) 951-6310 

Clayton  R. Nichols  
( 2 0 2 )  376-4914 
FTS 376-4914 

To d e t e r m i n e  t h e  c h a r a c t e r  and o r i g i n  of h o t  s p r i n g s  
i n  n o r t h w e s t e r n  V i r g i n i a .  

FY 75 - $ 50K 
FY 76 - -- 
611175-4130176 

5 /19/76  

"The Los Alamos S c i e n t i f i c  Labora tory ' s  Dry Hot Rock 
Experiment: Engineer ing  and S c i e n t i f i c  S t u d i e s , "  
p r e s e n t e d  a t  t h e  1976 S p r i n g  Meeting of t h e  American 
Geophys ica l  Union, Washington, D.C. ,  A p r i l  12-15, 
1976 and r e p o r t e d  i n  T r a n s a c t i o n s  of t h e  American 
Geophysical Union, Volume 57, No. 4, A p r i l  1976, 
page 353 

John K. C o s t a i n ,  "Geologica l  and Geophys ica l  Study 
o f  t h e  O r i g i n  of t h e  Warm S p r i n g s  i n  Bath County, 
Vi rg in ia - -F ina l  Report ," w i t h  Appendix by G. V. K e l l e r  
and R. A. Crewdson, V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e  
and S t a t e  U n i v e r s i t y .  
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Geological-Geophysical E v a l u a t i o n  of t h e  Hot S p r i n g s  
Area, Bath County, V i r g i n i a  

P r o j e c t  T i t l e :  

C o n t r a c t  No: E(40-1)-4920 

SUMMARY 

I t  is p o s t u l a t e d  from known g e o l o g i c a l  and g e o p h y s i c a l  d a t a  t h a t  t h e  
c o n d i t i o n s  requi red  f o r  t h e  deep c i r c u l a t i o n  o f  m e t e o r i c  w a t e r  may be  
p r e s e n t  i n  t h i s  p a r t  of t h e  f o l d e d  Appalachians  and t h e  h e a t  may b e  
d e r i v e d  from p l u t o n i c  r a d i o g e n i c  s o u r c e s .  The h o t t e s t  t h e r m a l  s p r i n g s  
i n  t h e  E a s t e r n  United S t a t e s  a r e  found a t  o r  n e a r  t h e  j u n c t i o n  or t e r -  
m i n a t i o n  of major s t r u c t u r a l  t r e n d s ,  and i n  t h e  v i c i n i t y  o f  g e o p h y s i c a l  
anomal ies .  Work underway i n c l u d e s :  (1) p r e p a r a t i o n  of d e t a i l e d  geo- 
l o g i c  map on an a r e a  approximate ly  20 x 10 miles i n  o r d e r  t o  d e f i n e  
t h e  s t r u c t u r e ,  j o i n t i n g ,  and l i t h o l o g i c  u n i t s ,  and t h e  i n f l u e n c e  of 
r e g i o n a l  s t r a i n  p a t t e r n s  on t h e  o r i g i n  of t h e  h o t  s p r i n g s ;  ( 2 )  i n t e r -  
p r e t a t i o n  of 400 sq.  m i l e s  of r o t a t i n g  d i p o l e - b i p o l e  deep  e l e c t r i c a l  
r e s i s t i v i t y  survey f o r  t h e  purpose of d e t e r m i n i n g  t h e  p r e s e n c e  o f  
zones  o f  l o w - r e s i s t i v i t y ;  and ( 3 )  d r i l l i n g  t o  de te rmine  t h e  t r u e  
geothermal  g r a d i e n t  and h e a t  f low i n  t h e  area. These d a t a  w i l l  be 
combined w i t h  a v a i l a b l e  r e f l e c t i o n  seismology p r o f i l e s  which w i l l  
i n d i c a t e  sediment t h i c k n e s s  and r e g i o n a l  s t r u c t u r e .  
p r e l i m i n a r y  d a t a  seems t o  be compat ib le  w i t h  a deep  c i r c u l a t i o n  and 
r a d i o g e n i c  hea t  s o u r c e  a t  15-20 Km depth .  

Modeling o f  t h e  

A p r e l i m i n a r y  geologic  map and s t r u c t u r a l  c r o s s - s e c t i o n s  have been 
p r e p a r e d  f o r  the Warm S p r i n g s  a n t i c l i n e  and s u r r o u n d i n g  reg ion .  A 
r e c o n n a i s s a n c e  e l e c t r i c a l  r e s i s t i v i t y  b i p o l e - d i p o l e  s u r v e y  r e v e a l e d  
r e s i s t i v i t y  lows which may be  a s s o c i a t e d  w i t h  t h e  3 8 t h  p a r a l l e l  f r a c -  
t u r e  zone. Heat f l o w  v a l u e s  have been o b t a i n e d  a t  two l o c a t i o n s .  

A-9 Revised September 1. 1976 



A.2 Resource Exploration and Assessment 

P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  O b j e c t i v e :  

Funding: 

C o n t r a c t  Term: 

Date Completed: 

Repor ts  I ssued:  

E v a l u a t i o n  of a Geothermal Area o f  Abnormally High 
Heat Flow a t  M a r y s v i l l e ,  Montana 

E(45-1)-1830 

B a t t e l l e  P a c i f i c  Northwest L a b o r a t o r i e s  
Ric h land ,  Washing t o n  

Donald S t e w a r t  
(509) 946-2681 
FTS 444-7411, Ext. 946-2681 

David B. Lombard 
(202)  376-4902 
FTS 376-4902 

Determine t h e  n a t u r e  of t h e  M a r y s v i l l e  geothermal 
anomaly and a s s e s s  i t s  energy  p o t e n t i a l .  

FY 75 - $1,025K 
FY 76 - -- 
6/73-6175 

6/75 

W i l l i a m  P. McSpadden, P r o j e c t  Manager, "The 
M a r y s v i l l e ,  Montana Geothermal Pro jec t - -F ina l  Report ," 
B a t t e l l e  P a c i f i c  Northwest L a b o r a t o r i e s ,  r e p o r t  number 
23111-01410 (September 1975) 

A-1 0 

P r o j e c t  T i t l e :  

C o n t r a c t  No: 

Revised September 1,1976 

E v a l u a t i o n  of a Geothermal Area of Abnormally High 
Heat Flow a t  M a r y s v i l l e ,  Montana 

E(45-1)-1830 

SUMNARY 

Heat f low measurements made i n  t h e  v i c i n i t y  o f  M a r y s v i l l e ,  Montana, 
under NSF and USGS s p o n s o r s h i p  from 1966 th rough 1973 showed ext remely  
h igh  geothermal  g r a d i e n t s  (up  t o  240°C/kilometer) w i t h  no s u r f a c e  mani- 
f e s t a t i o n s  w i t h i n  a p p r o x i m a t e l y  20 miles. A p r o j e c t  t o  c h a r a c t e r i z e  
t h i s  h e a t  f l o w  anomaly and a s s e s s  i t s  energy  p o t e n t i a l  w a s  i n i t i a t e d  by 
NSF and c o n t i n u e d  under  ERDA. The o b j e c t i v e  was t o  test t h e  h y p o t h e s i s  
of a h o t  d r y  r o c k  r e s e r v o i r  n e a r  M a r y s v i l l e  and t o  assess t h e  n a t u r e  of 
t h a t  r e s e r v o i r  f o r  energy  e x t r a c t i o n  and e l e c t r i c  power g e n e r a t i o n .  

The deep  h o l e  was d r i l l e d  t o  a t o t a l  d e p t h  o f  about  7000 f e e t  i n  1974, 
c o n s i d e r a b l y  e x c e e d i n g  t h e  i n i t i a l  t a r g e t  d e p t h  o f  6000 f t .  D r i l l i n g  
was c o n t i n u e d  because  t h e  expec ted  l a r g e  t e m p e r a t u r e  i n c r e a s e s  a t  d e p t h  
were n o t  encountered .  F r a c t u r e  zones  i n t e r s e c t e d  by t h e  h o l e  were found 
t o  produce c o n s i d e r a b l e  water .  The f l o w  o f  water  i n  t h e  h o l e  w a s  many 
t i m e s  t h e  minimum rate t h a t  would be  r e q u i r e d  t o  mask any g e o t h e r m a l  
g r a d i e n t  o f  t h e  expec ted  magnitude. Thus t h e  deep h o l e  h a s  n o t  y e t  
confirmed o r  d i s p r o v e n  t h e  e x i s t e n c e  of a n e a r - s u r f a c e  magma chamber; 
however, i t  is a t  least  somewhat deeper  t h a n  a n t i c i p a t e d .  

It was concluded  t h a t  t h e  h o l e  had p e n e t r a t e d  a hydro thermal  c o n v e c t i o n  
system a t  about  95OC (ZOOOF), and  t h a t  t h i s  system was r e s p o n s i b l e  f o r  
t h e  h i g h  h e a t  f low and  o t h e r  g e o p h y s i c a l  anomal ies  observed  a t  t h e  
ground s u r f a c e .  The c o n t r a c t o r  and USGS c o n t i n u e d  t o  make t e m p e r a t u r e  
measurements i n  t h e  h o l e  i n  1975, b u t  t h e r e  are no ERDA p l a n s  f o r  f u t u r e  
major p r o j e c t s  a t  t h e  M a r y s v i l l e  s i t e  s i n c e ,  a t  t h e  low t e m p e r a t u r e s  
(about  950C), commercial  development does  n o t  a p p e a r  f e a s i b l e .  



P r o j e c t  T i t l e :  Geothermal Resource U t i l i z a t i o n  Technology: 
Geothermal Energy Development -- Geopressure  

C o n t r a c t  No: W-7405-ENG-48 

C o n t r a c t o r :  Lawrence Livermore Labora tory  
Livermore.  C a l i f o r n i a  

P r i n c i p a l  A. L. Aus t in  
I n v e s t i g a t o r :  (415) 447-1100, Ext. 3946 

FTS 451-3946 

Program Manager: Ke i th  Westhusing (David B. Lombard) 
( 2 0 2 )  376-4902 
FTS 376-4902 

P r o j e c t  Ob jec t ive :  To develop  advanced u t i l i z a t i o n  t e c h n o l o g i e s  
s p e c i f i c a l l y  a p p l i c a b l e  t o  recovery  and conve r s ion  
of energy  from geopressured  r e sources .  

Funding: FY 1 5  - $ 34K 
FY 76 - -- 

C o n t r a c t  Term: 711174-6130175 

Date  Completed: 6 /30 /75  

Repor t s  I s sued :  Texas Bureau of Economic Geology Geo log ica l  C i r c u l a r  
No. 75-1, "Geothermal Resources ,  F r i o  Formation, 
South Texas" (1975) 
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Geothermal Resource U t i l i z a t i o n  Technology: 
Geothermal Energy Development -- Geopressure  

P r o j e c t  T i t l e :  

C o n t r a c t  No: W-7405-ENG-48 

SUMMARY 

T h i s  s t u d y  had two impor t an t  r e s u l t s :  
and u t i l i t y  of a new assessment  t echn ique  f o r  geopres su red  geothermal  
r e s o u r c e s ,  namely t h e  i n t e g r a t i o n  of e x i s t i n g  w e l l  log  d a t a  w i t h  sand 
f a c i e  a n a l y s i s  t o  i d e n t i f y  r e g i o n a l  " fa i rways"  where geothermal  a q u i f e r s  
a r e  l i k e l y  to  occur.  Second, i t  i d e n t i f i e d  two such  f a i r w a y s  i n  s o u t h  
Texas. 

F i r s t ,  i t  demonst ra ted  t h e  power 
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A.4 Advanced Technology Applications 

P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  O b j e c t i v e :  

Funding : 

Cont rac t  Terms:  

Date  Completed: 

Repor t s  I s sued :  

Development of a n  Assessment Methodology 
f o r  Geopressured Zones of t h e  Upper Gulf 
Coas t  Based on a Study of  Abnormally 
P res su red  Gas F i e l d s  i n  South Texas 

E (  11-1)-2687 

Southwest Research  I n s t i t u t e  
San Antonio ,  Texas 

Rober t  K. Swanson 
(512) 684-5111 

Ke i th  Westhusing 
( 2 0 2 )  376-4902 
FTS 376-4902 

To i n v e s t i g a t e  t h e  v a l u e  of p roduc t ion  a n a l y s i s  
i n  abnormal ly  p r e s s u r e d  hydrocarbon depos i t s  as 
a t o o l  f o r  d e f i n i n g  t h e  c h a r a c t e r i s t i c s  of a d j a c e n t  
geopres su red  a q u i f e r s .  

FY 75 - $129K 
FY 76/TQ - -- 
611175-8/31/76 

8 /31  176 

P r e l i m i n a r y  r e p o r t  i n  "Proceedings  of the  Second 
Geopressured Geothermal Energy Conference," Center  
f o r  Energy S t u d i e s ,  U n i v e r s i t y  of Texas a t  Aus t in ,  
February  23-25, 1976 ( 5  volumes) ,  Myron H. Dorfman 
and Richard W. Deller,  e d i t o r s  

R. K. Swanson, P. Oetk ing ,  J. S. Osoba, R. C. Hagens, 
"Development of a n  Assessment Methodology f o r  
Geopressured  Zones a t  t h e  Upper Gulf Coast Based on 
a Study of Abnormally P res su red  Gas F ie lds  i n  South 
Texas--Final Report" Southwest Research I n s t i t u t e  
Repor t  COO-2687-5 (August 1976) 
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P r o j e c t  T i t l e :  Development of  an  Assessment Methodology 
f o r  Geopressured Zones o f  t h e  Upper Gulf 
Coas t  Based on a Study of  Abnormally 
P res su red  Gas F i e l d s  i n  South  Texas 

Con t rac t  No: E(11-1)-2687 

SUMMARY 

The purpose  of t h i s  program was t o  e s t a b l i s h  a methodology f o r  assessment  
of  t h e  deep  geopres su red  zone on t h e  Gulf Coas t ,  based on a d e t a i l e d  
examinat ion  of sou th  Texas g a s  f i e l d s  which have produced s u b s t a n t i a l  
q u a n t i t i e s  of  f l u i d s  from t h e s e  zones.  Of p r i n c i p a l  impor tance  t o  t h i s  
e f f o r t  was t h e  i d e n t i f i c a t i o n  of  t h e  number and l o c a t i o n  of  geopres su red  
producing  f i e l d s  i n  t h e  s tudy  r e g i o n ,  which inc luded  t h e  ex t reme s o u t h  
Texas c o u n t i e s  of Hida lgo ,  Brooks, Cameron, Willacy,Kenedy, and Live Oak. 

The f i r s t  s i g n i f i c a n t  t a s k  i n  t h e  p r o j e c t  was t h e  l o c a t i o n  of a l l  
p roducing  f i e l d s  i n  t h e  r eg ion .  I n  o r d e r  t o  i d e n t i f y  t h e  geopres su red  
p roduc t ion ,  a l l  producing  w e l l s  i n  each  of t h e  l i s t e d  f i e l d s  were 
i d e n t i f i e d .  Well l o g s  were ob ta ined  from w e l l s  from each  of t h e  l i s t e d  
f i e l d s .  Geologic i n v e s t i g a t i o n  of each  of t h e  i d e n t i f i e d  geopres su red  
f i e l d s  w a s  unde r t aken ,  depending upon t h e  deg ree  of c o n t r o l  and o t h e r  
f a c t o r s .  A v a i l a b l e  r e s e r v o i r  i n fo rma t ion  from each  of  t h e  f i e l d s  w a s  
ob ta ined  from a v a r i e t y  of  sou rces ,  i n c l u d i n g  Ra i l road  Commission pro- 
d u c t i o n  r e c o r d s ,  o p e r a t i n g  company comple t ion  d a t a ,  w e l l  test r e c o r d s ,  
and s c o u t  ca rds .  

From t h i s  s t u d y ,  a well-developed assessment  methodology h a s  emerged 
which i s  a p p l i c a b l e  t o  broad a r e a s  of  t h e  Gulf Coast.  I n  a d d i t i o n ,  t h e  
s tudy  of  g a s  f i e l d s  i n  t h e  ex t reme s o u t h  Texas r e g i o n  has  produced some 
l i m i t e d  conc lus ions  abou t  t h e  geothermal  p o t e n t i a l  of t h e  r eg ion .  With- 
i n  t h e  l i m i t a t i o n s  of t h i s  s t u d y ,  t h e  e f f e c t i v e  r e s e r v o i r  p e r m e a b i l i t i e s  
i n  ex t reme sou th  Texas appea r  t o  be q u i t e  low, ave rag ing  about  1 md. A s  
a r e s u l t ,  i t  does  n o t  appea r  t h a t  t h e  geopres su red  fo rma t ions  i n  t h e  
ex t reme s o u t h  Texas r e g i o n  w i l l  s u p p o r t  f low r a t e s  h igh  enough t o  be eco- 
nomica l ly  a t t r a c t i v e  wi thou t  a major  advance i n  s t i m u l a t i o n  technology.  
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P r o j e c t  T i t l e :  P re l imina ry  Eva lua t ion  of Geothermal Resources of 
The Middle Texas Gulf Coast - Geopressured Eva lua t ion  

C o n t r a c t  No: E (40-1)-4882 

C o n t r a c t o r :  U n i v e r s i t y  of  Texas a t  Aus t in  
Aus t in ,  Texas 

P r i n c i p a l  Char l e s  G. Groat 
I n v e s t i g a t o r  : (512) 4 71-1534 

Program Manager: Ke i th  ' Westhusing 
(202)  376-4902 
FTS 376-4902 

P r o j e c t  Ob jec t ive :  To develop  a means f o r  a s s e s s i n g  geopressured  a q u i f e r s  
by ana lyz ing  e x i s t i n g  g e o l o g i c a l  and geophys ica l  d a t a  
and t o  d e l i n e a t e  l a r g e  volume geopressured  sand a r e a s  
a long  t h e  Middle Texas Gulf Coas t .  

Funding : FY 75 - $ 40K 
FY 76 - -- 

C o n t r a c t  Term: 111175-7/31/75 

Date Completed: 7/31/75 

Repor t s  I s sued :  D. G. Bebout, 0. K. Agagu, M. H. Dorfman, "Geothermal 
Resources ,  F r i o  Formation, Middle Texas Gulf Coas t , "  
U n i v e r s i t y  of  Texas Bureau of  Economic Geology 
C i r c u l a r  No. 75-8 (1975).  

Volume 11, "Resource Assessment" of  "Proceedings  of 
t h e  Second Geopressured Geothermal Energy Conference ,"  
Cen te r  f o r  Energy S t u d i e s ,  U n i v e r s i t y  o f  Texas a t  
Aus t in ,  February 23-25, 1976 (5 volumes) ,  Myron H. 
Dorfman and Richard W. Deller, e d i t o r s  
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P r o j e c t  T i t l e :  P re l imina ry  Eva lua t ion  of Geothermal Resources  of  
The Middle Texas Gulf Coas t  - Geopressured  Eva lua t ion  

C o n t r a c t  No: E(40-1)-4882 

Beginning wi th  e x i s t i n g  w e l l  l og  d a t a ,  a c t i v e  seismic p r o f i l e s ,  and 
mic ropa leoen to log ica l  a n a l y s e s ,  i n v e s t i g a t o r s  r e c o n s t r u c t e d  deposi-  
t i o n a l  h i s t o r i e s  of s ands  t h a t  became geopres su red  a q u i f e r s ,  a s s e s s i n g  
i n  t h e  p rocess  t h e i r  p o t e n t i a l  v a l u e  as geothermal  r e s o u r c e s ,  

The a n a l y s i s  of t he  F r i o  fo rma t ion  on the  Middle Texas c o a s t  d e l i n e a t e d  
s e v e r a l  r eg ions  t h a t  appear  t o  have a f a v o r a b l e  p o t e n t i a l  f o r  geothermal  
development.  Maps and s e c t i o n s  of  t h e  F r i o  fo rma t ion  which l o c a l i z e  
a r e a s  of  l a r g e  volume sands  were cons t ruc t ed .  
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A.4 Advanced Technology Applications 

P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  O b j e c t i v e :  

Funding: 

C o n t r a c t  Term: 

Date Completed: 

Repor t s  I s s u e d :  

U.S. Gulf Coast  Geopressured Geothermal Resource 
Management and Scope-of-Work Study f o r  Genera t ion  
of E l e c t r i c  Power 

E(40-1) -4900 

U n i v e r s i t y  of  Texas a t  Aus t in  
Aus t in ,  Texas 

Myron H. Dorfman 
( 5 1 2 )  471-3220 

K e i t h  Wes t h u s  i n g  
( 2 0 2 )  376-4902 
FTS 376-4902 

To e s t a b l i s h  c r i t e r i a  f o r  u t i l i z a t i o n  of geopres su red  
geo the rma l  r e s e r v o i r s  and make p r e l i m i n a r y  p l a n s  f o r  
a r e s o u r c e  test  f a c i l i t y .  

FY 75 - $244 
FY 76 - $ 55 

5 1 3 1 1 7 6 - 3 / 3 1 / 7 6  

3 / 3 1 / 7 6  

"Proceedings of t h e  Second Geopressured Geothermal 
Energy Conference," Cen te r  f o r  Energy S t u d i e s ,  
U n i v e r s i t y  of  Texas a t  A u s t i n ,  February 23-25, 1 9 7 6  
(5  volumes) ,  Myron H. Dorfman and Richard W. D e l l e r ,  
e d i t o r s  

V o l .  I, "Summary and F u t u r e  P r o j e c t i o n s , "  
Vol. 11, "Resource Assessment," 
Vol. 111, "Rese rvo i r  Research and Technology," 
Vol .  IV, "Sur face  Technology and Resource U t i l i z a t i o n , "  
Vol .  V ,  "Legal ,  I n s t i t u t i o n a l  and Environmental," 
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 
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U.S. Gulf Coast  Geopressured Geothermal Resource 
Management and Scope-of-Work Study f o r  Genera t ion  
of  E l e c t r i c  Power 

E ( 4 0 - 1 )  -4900 

SUMMARY 

T h i s  p r o j e c t  i nvo lved  a system s t u d y  of  t h e  geopres su red  geo the rma l  
r e s o u r c e s  of t h e  U.S. Gulf Coas t  and p r e l i m i n a r y  p l a n n i n g  f o r  a geo- 
p re s su red  r e s o u r c e  test  f a c i l i t y .  The system a n a l y s i s  de t e rmined  
boundary c o n d i t i o n s  and c r i t e r i a  f o r  u t i l i z a t i o n  of  t h e  r e s o u r c e ,  iden- 
t i f i e d  a l t e r n a t i v e  approaches  t o  such  u t i l i z a t i o n ,  and o u t l i n e d  needed 
technology developments .  The tes t  f a c i l i t y  p l a n n i n g  invo lved  iden- 
t i f i c a t i o n  of p o t e n t i a l  s i t e  areas,  e v a l u a t i o n  of  env i ronmen ta l ,  l e g a l ,  
and i n s t i t u t i o n a l  conce rns ,  d e f i n i t i o n  o f  u s e r  r e q u i r e m e n t s ,  c o n c e p t u a l  
d e s i g n  a c t i v i t i e s ,  and p r o v i s i o n  of  s c o p e s ,  s c h e d u l e s ,  and c o s t  p ro j ec -  
t i o n s  f o r  development of  t h e  test  f a c i l i t y .  

The system a n a l y s i s  and f a c i l i t y  p l a n n i n g  p r o j e c t  e l emen t s  were e a c h  
d i v i d e d  i n t o  f o u r  t a s k s ,  one  each  in t h e  c a t e g o r i e s  of  Resource 
Assessment; Advanced Research and Technology; Environmental ,  Lega l ,  and 
I n s t i t u t i o n a l  C o n s i d e r a t i o n s ;  and Resource U t i l i z a t i o n .  

The o u t p u t s  of t h i s  p r o j e c t  were: 

1. An a n a l y s i s  of t h e  ene rgy  p o t e n t i a l ,  f e a s i b i l i t y  o f  development ,  
and b a r r i e r s  t o  r a p i d  u t i l i z a t i o n  of  t h e  Gulf Coas t  geopres su red  
geothermal  r e s o u r c e ,  t o g e t h e r  w i t h  recommendations f o r  a c t i o n  t o  
surmount t h e  b a r r i e r s .  

2. A p r e l i m i n a r y  p l a n  and c o s t  estimate f o r  e s t a b l i s h i n g  a geopres su red  
r e s o u r c e  test  f a c i l i t y ,  i n c l u d i n g  s e v e r a l  s i t e  o p t i o n s ,  p l u s  a recom- 
mended team and d e t a i l e d  p l a n  t o  c a r r y  o u t  t h e  n e x t  phase.  

The p r o j e c t  i d e n t i f i e d  key t e c h n i c a l ,  l e g a l ,  i n s t i t u t i o n a l ,  and 
env i ronmen ta l  u n c e r t a i n t i e s .  S p e c i f i c  approaches  t o  many o f  t h e  prob- 
l e m s  were planned. One p r i n c i p a l  recommendation i s  f o r  t h e  d e s i g n  and 
c o n s t r u c t i o n  of a geo the rma l  w e l l  t o  g i v e  l o n g  term p r o d u c t i o n  d a t a  on 
on  geopres su red  b r i n e s .  

The r e s u l t s  of t h e  p r o j e c t  were pub l i shed  i n  t h e  f i v e  volumes of  t h e  
"Proceedings of t h e  Second Geopressured Geothermal Energy Conference." 



r- 
3 

P r o j e c t  T i t l e :  

Con t rac t  No: 

Con t rac to r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding : 

C o n t r a c t  Term: 

Date Completed: 

Repor ts  I s sued :  

Geothermal Resource S tudy  i n  t h e  S a l t o n  Sea Region 
of C a l i f o r n i a  

E(04-3)-1086 

C a l i f o r n i a  I n s t i t u t e  of Technology 
Pasadena, C a l i f o r n i a  

Mar t in  Goldsmith 
(213) 795-6811 

Ronald R. Loose 
(202)  376-4905 
FTS 376-4905 

Provide  c a r e f u l l y  r e sea rched  recommendations t o  t h e  
Na t iona l  Sc ience  Foundat ion  as t o  r equ i r emen t s  f o r  
r e s e a r c h  and expe r imen ta l  f a c i l i t i e s  i n  t h e  h igh  
tempera ture ,  h igh  s a l i n i t y  geothermal  r e source  i n  
t h e  S a l t o n  Sea r eg ion  of  C a l i f o r n i a .  

FY 75 - $ 88K 
FY 76 - -- 
11115174-10/31/75 

1013 1/ 75 

( s e e  l i s t  a f t e r  "Summary") 
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P r o j e c t  T i t l e :  Geothermal Resource Study i n  t h e  S a l t o n  Sea Region 
of C a l i f o r n i a  

E (04-3) - 10 86 C o n t r a c t  No: 

Th i s  i n v e s t i g a t i o n  was d i r e c t e d  a t  d e f i n i t i o n  of  and s u p p o r t  f o r  a 
geothermal  resource  demonst ra t ion  program t o  be conducted a t  t h a t  p a r t  
of t h e  S a l t o n  Sea r e g i o n  des igna ted  as a Known Geothermal Resource Area 
( S a l t o n  Sea KGKA). 
1975 t h e  r e s p o n s i b i l i t y  f o r  t h e  p r o j e c t  w a s  t r a n s f e r r e d  t o  EKDA. 

Engineer ing  s t u d i e s  i n d i c a t e  t h a t  f o r  h igh- tempera ture  r e s e r v o i r s  t h e  
t echn ique  of  pumping wells was found t o  be i n f e r i o r  t o  f l a s h i n g  f low 
( s e l f - f l o w ) ,  as theory  s u g g e s t s  a c o n s i d e r a b l e  advantage  t o  be ga ined  
by i n c r e a s i n g  well d i ame te r  i n  t h e  upper ( f l a s h i n g )  p a r t s  of  t h e  w e l l  
bore .  
c o s t .  
d i r e c t  steam systems o f f e r  s u p e r i o r  performance as compared t o  b ina ry  
p rocesses .  Total-flow expander s  o f f e r  promise.  Even f o r  low-temperature 
r e s e r v o i r s ,  b inary  p r o c e s s e s  o f f e r  no s i g n i f i c a n t  t h e o r e t i c a l  performance 
advan tage  as compared t o  f l a s h  p rocesses .  

A rev iew of  t r ace  e lement  a n a l y s e s  of S a l t o n  Sea KGRA b r i n e s  i n d i c a t e s  
t h a t  more s o p h i s t i c a t e d  sampling and a n a l y t i c  t echn iques  w i l l  have t o  
be a p p l i e d  t o  be s u r e  t h a t  minor c o n s t i t u e n t  c o n t e n t  is p r o p e r l y  under- 
s tood .  Genera l ly ,  envi ronmenta l  problems w i l l  come from v o l a t i l e  spe- 
c i e s .  It w a s  found t h a t  much of t h e  e x i s t i n g  u s e f u l  e m p i r i c a l  engineer -  
i n g  in fo rma t ion  concerning s c a l e  and c o r r o s i o n  is n o t  a v a i l a b l e  i n  t h e  
open l i t e r a t u r e .  

A geology i n v e s t l g a t i o n  w a s  t o  have been provided  by f a c u l t y  
c o n s u l t a n t s  from U n i v e r s i t y  o f  C a l i f o r n i a  a t  R i v e r s i d e ,  b u t  t h i s  inves-  
t i g a t i o n  has  proven t o  be unnecessary .  
of t h e  S a l t o n  Sea KGKA was r e c e n t l y  pub l i shed  i n  t h e  Ph.D. d i s s e r t a t i o n  
of  Randal l .  

C o n s u l t a n t s  (Petroleum Engineer ing  group a t  S tan fo rd  U n i v e r s i t y )  r e p o r t  
t h a t  methods appropr i a t e  t o  e v a l u a t i o n  of t h e  S a l t o n  Sea r e s e r v o i r  are 
c o n t a i n e d  i n  the  paper  "P res su re  T r a n s i e n t  Ana lys i s  f o r  Geothermal 
Wells" by Henry .I. Ramey, d e l i v e r e d  a t  the  Second UN Geothermal Sympo- 
sium i n  San Franc isco .  

The  o r i g i n a t i n g  agency w a s  NSF/FA", b u t  i n  March 

Th i s  technique may o f f e r  a major  s av ings  i n  f i e l d  development 
For h igh- tempera ture  r e s e r v o i r s  i t  was found t h a t  m u l t i p l e - f l a s h  

The c u r r e n t  g e o l o g i c  knowledge 

Revised September 1, 1976 
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P r o j e c t  T i t l e :  Geothermal Resource Study i n  t h e  S a l t o n  Sea Region 
of C a l i f o r n i a  

C o n t r a c t  No: E (0 4-3) -1086 

SUMMARY (con t inued)  

A l e g a l  and i n s t i t u t i o n a l  s tudy  has  found t h a t  t h e  problems a r e  poor ly  
documented i n  t h e  l i t e r a t u r e ,  and i t  i s  n o t  p o s s i b l e  on t h e  bas i s  o f  
t h e  pub l i shed  r eco rd  t o  d e f i n e  s p e c i f i c  changes  i n  t h e  law o r  i n s t i t u -  
t i o n s  p e r t a i n i n g  t o  geothermal  development. 

The major  d i f f i c u l t i e s  t o  be r e so lved  a t  t h e  S a l t o n  Sea KGRA involve  
t h e  unusual  chemica l  n a t u r e  of t h e  b r i n e .  No o t h e r  U.S .  geothermal  
r e s e r v o i r  has  been found t o  s h a r e  t h e s e  c h a r a c t e r i s t i c s .  Therefore ,  
t h e  S a l t o n  Sea is a poor l o c a t i o n  f o r  a l a b o r a t o r y  t o  s e r v e  a s  a 
g e n e r a l  r e s o u r c e  f o r  o t h e r  geothermal  developments.  The program a t  
t h e  S a l t o n  Sea shou ld  be d i r e c t e d  t o  t h e  problems of  t h a t  l o c a t i o n .  

P r o j e c t  T i t l e :  Geothermal Resource Study i n  t h e  S a l t o n  Sea Region 
of C a l i f o r n i a  

Con t rac t  No: E(04-3)-1086 

Repor ts  I s sued :  

CALIFORNIA INSTITUTE OF TECHNOLOGY REPORTS 

Mar t in  Goldsmith,  "Summary Repor t ,  Geothermal Research  Study i n  t h e  
S a l t o n  Sea Region of  C a l i f o r n i a , "  C a l i f o r n i a  I n s t i t u t e  of Technology 
(October  1975).  

Andrew Eaten ,  "Trace Element Problems, Geothermal Research Study i n  t h e  
S a l t o n  Sea Region of C a l i f o r n i a , "  C a l i f o r n i a  I n s t i t u t e  of Technology 
( J u l y  1975).  

M. R. Bates, J. E. Krier. and W. D. Montgomery, "Legal and I n s t i t u t i o n a l  
F a c t o r s ,  Geothermal Research Study i n  t h e  S a l t o n  Sea Region of C a l i f o r n i a , "  
C a l i f o r n i a  I n s t i t u t e  of Technology (June  1975) .  

Michae l  R. Hoffman, "Br ine  Chemistry - S c a l i n g  and Cor ros ion  - Geothermal 
Research  Study i n  t h e  S a l t o n  Sea Region of C a l i f o r n i a , "  C a l i f o r n i a  
I n s t i t u t e  of Technology r e p o r t  EQL Memorandum No. 1 4  ( J u l y  1975) .  

David G. E l l i o t t ,  "Comparison of Br ine  P roduc t ion  Methods and Convers ion  
P r o c e s s e s  f o r  Geothermal Electric Power Genera t ion ,"  C a l i f o r n i a  I n s t i t u t e  
of  Technology EQL Repor t  No. 10 ( J u l y  1975) .  

Henry J. Ramey, " P r e s s u r e  T r a n s i e n t  Ana lys i s  f o r  Geothermal Wells," 
P roceed ings  of  t h e  Second United Na t ions  Symposium on t h e  Development and 
Use of Geothermal Resources ,  San F ranc i sco ,  C a l i f o r n i a ,  May 20-29, 1975 
( t o  be pub l i shed) .  

Wal t e r  Randal l ,  "An Ana lys i s  of  t h e  Subsur face  S t r u c t u r e  and S t r a t i g r a p h y  
of  t h e  S a l t o n  Sea Geothermal Anomaly, I m p e r i a l  Va l l ey ,  C a l i f o r n i a , "  
Ph.D. d i s s e r t a t i o n ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  R i v e r s i d e ,  C a l i f o r n i a  
(Deceinber 1974) ' 
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

Work Performed by: 

P r i n c i p a l  
Znves t iga to r :  

Program Manager: 

P r o j e c t  O b j e c t i v e :  

Funding : 

C o n t r a c t  Term: 

Date Completed: 

Repor t s  I s sued :  

Geothermal Program D e f i n i t i o n  P r o j e c t  (GPDP) 

E (49-2 7)-1004 

NASA 
Pasadena,  C a l i f o r n i a  

Je t  P ropu l s ion  Labora to ry  
C a l i f o r n i a  I n s t i t u t e  of  Technology 
Pasadena,  C a l i f o r n i a  

A l l a n  Conrad 
(213) 354-3327 
FTS 792-3327 

Momtaz N. Mansour (P. Kruger)  
(202) 376-4897 
FTS 376-4897 

To deve lop  a Comprehensive Na t iona l  p l an ,  f o r  
geothermal  ene rgy  development i n  f u l f i l l m e n t  o f  t h e  
r equ i r emen t s  o f  PL 93-410. 

FY 75 - $636K 
FY 76 - $296K 

211175-1/31/76 

1/31/76 

"Program D e f i n i t i o n  f o r  t h e  Development of  
Geothermal Energy," NASAfJPL r e p o r t  5040-6 
(August 1975) 

A.6 Environmental Control and Institutional Studies A-1 7 

P r o j e c t  T i t l e :  Geothermal Program D e f i n i t i o n  P r o j e c t  (GPDP) 

C o n t r a c t  No: E(49-27)-1004 

SUMMARY 

The g o a l  f o r  t h e  Na t iona l  Geothermal Energy Development Program i s  t o  
a c h i e v e  a u t i l i z a t i o n  of  geo the rma l  ene rgy  e q u i v a l e n t  t o  one m i l l i o n  
b a r r e l s  o f  o i l  per day by 1985. The o b j e c t i v e  of t h e  F e d e r a l  Government 
program is  t o  s t i m u l a t e  i n d u s t r y  by c r e a t i n g  f a v o r a b l e  c o n d i t i o n s  f o r  
making t h e  necessary commitment. 

Th i s  p r o j e c t  s t r e s s e d  t h e  d i s c o v e r y  and development o f  hydro the rma l  systems 
i n  meet ing t h e  1985 goa l .  Geopressured systems were a l s o  cons ide red .  I n  
a d d i t i o n ,  t h e  p r o j e c t  cons ide red  t h e  advancement of t h e  t echno logy  and t h e  
development of  hot d r y  r o c k ,  normal t empera tu re  g r a d i e n t  and magma systems 
t o  e n a b l e  t h e  con t inua t ion  of  a v i a b l e ,  dynamic growth p a t t e r n  i n  geothermal  
ene rgy  use  a f t e r  1985. 

Non techno log ica l  i s s u e s  r e c e i v e d  p a r t i c u l a r  a t t e n t i o n  because they a r e  
p r e s e n t l y  t h e  major f a c t o r s  i n h i b i t i n g  r ap id  growth o f  geo the rma l  exp lo ra -  
t i o n .  A c t i o n s  t o  overcome bo th  t e c h n o l o g i c a l  and non techno log ica l  impedi- 
ments were evaluated.  

T h i s  p r o j e c t  provided t h e  d a t a  base  f o r  p r e p a r a t i o n  of  t h e  Geothermal 
RD&D Program D e f i n i t i o n  Report  ERDA-86. 

Revised September 1, 1976 
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P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
Inves  t i g a  t o  r : 

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding : 

C o n t r a c t  Term: 

Date Completed: 

Repor ts  I s sued :  

P lanning  Suppor t  f o r  Geothermal Energy Program 
Ac t i v  i t i e s  

N / A  (pu rchase  o r d e r )  

Bech t e l  Corpora t ion  
San F ranc i sco ,  C a l i f o r n i a  

Lawrence 0. B e a u l a u r i e r  
(415) 764-5914 

Momtaz N. Mansour (P. Kruger) 
(202)  376-4897 
FTS 376-4897 

To p rov ide  a s s i s t a n c e  t o  t h e  D i v i s i o n  of Geothermal 
Energy. 

FY 75 - $ 6K 
FY 76 - -- 
217 5-6/75 

6 /75  

"A Na t iona l  P l a n  f o r  Energy Research ,  Development 
and Demonst ra t ion ,"  ERDA r e p o r t  EKDA-48 (June  1975) 

A-18 Revised September 1, 1976 

P r o j e c t  T i t l e :  P lanning  Suppor t  f o r  Geothermal Energy Program 
A c t i v i t i e s  

Con t rac t  No: N/A (pu rchase  o r d e r )  

SUMMARY 

The c o n t r a c t o r  provided  s u p p o r t  t o  t h e  ERDA D i v i s i o n  of Geothermal Energy 
i n  t h e  p r e p a r a t i o n  of ERDA-48, "A Na t iona l  P l an  f o r  Energy Research ,  
Development and Demonstration." 
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P r o j e c t  T i t l e :  

Con t rac t  No: 

Con t rac to r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

Con t rac t  Term: 

Date Completed: 

Repor t s  I s sued :  

Techn ica l  Suppor t  and S e r v i c e s  f o r  Development of 
Non-Elec t r ic  Geothermal A p p l i c a t i o n s  Program 

E(11-1)-2693 

The MITRE Corpora t ion ,  METKEK Div i s ion  
McLean, V i r g i n i a  

Mar t in  S c h o l l  
(703)  790-6559 

Donald H. e l emen t s  
(202)  376-4902 
FTS 376-4902 

To provide  t e c h n i c a l  suppor t  and s e r v i c e s  fo r  
development of p l a n s  f o r  implementing a non-e l ec t r i c  
a p p l i c a t i o n s  program. 

FY 75 - .$ 28K 
FY 76 - $ 24K 

6/1/75-3/31/76 

3 /31/76  

None 

P r o j e c t  T i t l e :  Techn ica l  Suppor t  and S e r v i c e s  f o r  Development of 
Non-Elec t r ic  Geothermal A p p l i c a t i o n s  Program 

C o n t r a c t  No: E(11-1)-2693 

SUMMARY 

ERDA s t a t u t e s  and geothermal  program o b j e c t i v e s  r e l e v a n t  t o  n o n - e l e c t r i c  
a p p l i c a t i o n s  of geothermal  energy ,  and open l i t e r a t u r e  on i n d u s t r i a l  
u s e s  of geothermal h e a t  w i l l  be reviewed t o  deve lop  a b a s i s  f o r  ranking  
of energy  impacts of v a r i o u s  n o n - e l e c t r i c  a p p l i c a t i o n s .  
development of: 
s o l i c i t a t i o n s ;  ( 2 )  a scope  of  work f o r  geothermal  space  h e a t i n g  and 
c o o l i n g  handbook; and  (3 )  d e t a i l e d - s h o r t - r a n g e  p l a n s  f o r  implementing 
t h e  o b j e c t i v e s  of a n o n - e l e c t r i c  geothermal  a p p l i c a t i o n s  program. 

Work i n v o l v e s  
(1) s u p p o r t i n g  documentation f o r  p r e p a r a t i o n  of p roposa l  

A set  o f  g u i d e l i n e s  has  been  developed which may be  used i n  e s t a b l i s h i n g  
t h e  c r i t e r i a  for  t h e  p roposa l  e v a l u a t i o n  and s e l e c t i o n  p rocedure  a s soc i -  
a t e d  w i t h  s o l i c i t a t i o n  of p roposa l s  i n  t h e  a r e a  of  n o n - e l e c t r i c  app l i ca -  
t i o n s  of geothermal hea t .  
o f  r e s e a r c h  i n v e s t i g a t i o n  announcements have  been provided  t o  t h e  
sponsor  . 

Suppor t ing  documenta t ion  f o r  t h e  p r e p a r a t i o n  
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P r o j e c t  T i t l e :  

Con t rac t  No: 

Cont rac to r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

Con t rac t  Term: 

Date  Completed: 

Repor ts  I s sued :  

Suppor t  t o  ERDA Geothermal Energy Program Planning  

E(49-1)-3764 

The MITRE Corpora t ion ,  METREK D i v i s i o n  
McLean, V i r g i n i a  

L. Goldberg 
(703) 790-6000 

Momtaz N. Mansour (P. Kruger) 
(202)  376-4897 
FTS 376-4897 

To p rov ide  d a t a  on how geothermal  energy RD&D 
program o b j e c t i v e s ,  s t r a t e g i e s ,  and implementation 
p l a n s  w i l l  be achieved .  

FY 75  - $ 37K 
FY 76 - $ 72K 

215175-10/30/75 

10/30/75  

"Geothermal RDCD Program D e f i n i t i o n  Report," 
ERDAIDGE r e p o r t  ERDA-86 (October  1975) 

A-20 Revised September 1 ,  1976 

P r o j e c t  T i t l e :  Suppor t  t o  ERDA Geothermal Energy Program Planning  

C o n t r a c t  No: E (49-1)-3 764 

SUMMARY 

I n i t i a l  emphasis was p laced  on p rov id ing  t e c h n i c a l  a s s i s t a n c e  i n  
p r e p a r a t i o n  of i n p u t s  t o  t h e  program p lann ing  p rocess  t o  meet the  
June  30, 1975 Congres s iona l  submiss ion  d e a d l i n e .  S p e c i f i c a l l y ,  t ech-  
n i c a l  a s s i s t a n c e  provided  d a t a  on how geothermal  energy  RD&D program 
o b j e c t i v e s ,  s t r a t e g i e s  and implementa t ion  p l a n s  w i l l  be achieved  and 
a n  a n a l y s i s  of  r e q u i r e d  program r e s o u r c e s  w a s  performed. 

.To supplement t h e  o v e r a l l  p l ann ing  e f f o r t ,  MITRE developed d e t a i l e d  
program d e s c r i p t i o n  s t a t e m e n t s  and developed a l o n g e r  term program 
p lann ing  in fo rma t ion  base  t o  f a c i l i t a t e  r e f inemen t  of  t he  p re l imina ry  
p l an ,  development of f u t u r e  program p l a n s ,  and t o  i n d i c a t e  how programs 
and p l a n s  a r e  t o  be f u l f i l l e d .  

P rocedures  were developed t o  update  program p lann ing  in fo rma t ion  base  
on  a r e g u l a r  b a s i s  th roughout  t he  y e a r ,  f o r  t h e  purpose  of f a c i l i t a t i n g  
subsequent  p l ann ing  and budget ing  e x e r c i s e s .  The i n f o r m a t i o n  base  . 
e s t a b l i s h e d  i n  t h i s  p r o j e c t  w i l l  f a c i l i t a t e  ongoing t o t a l  program 
i n t e g r a t i o n ,  i d e n t i f i c a t i o n  of common o r  over looked  RD&D a r e a s ,  and 
e s t a b l i s h m e n t  of program p r i o r i t i e s .  
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P r o j e c t  T i t l e :  Exper imenta l  Geothermal Research F a c i l i t i e s  Study 
(Phase  0)  

Con t rac t  No: E(04-3) -1085 

Cont rac to r :  TRW Systems Group, TRW, Inc .  
Redondo Beach, C a l i f o r n i a  

P r i n c i p a l  R. H. Douglass 
I n v e s t i g a t o r :  ( 2 1 3 )  535-4321 

Program Manager: A. G. F o l l e t t  (Louis  B .  Werner) 
( 2 0 2 )  376-4905 
FTS 376-4905 

Pcoj  e c t  O b j e c t i v e  : To i d e n t i f y  a r e p r e s e n t a t i v e  l iqu id-dominated  
geothermal  r e s e r v o i r  of modera te  tempera ture  and 
s a l i n i t y ,  perform p re l imina ry  eng inee r ing  des ign  
of a n  a p p r o p r i a t e  energy  conve r s ion  system, iden- 
t i f y  c r i t i c a l  t echnology,  and p l a n  f o r  implementa- 
t i o n  of expe r imen ta l  f a c i l i t i e s .  

Funding : FY 7 5  - $ 15K* 
FY 76 - -- 

Cont rac t  Term: 1 1 1 1 / 7 4 - 3 / 3 1 / 7 5  

Date Completed: 3 / 3 1 / 7 5  

Repor t s  I s sued :  "Exper imenta l  Geothermal Research  F a c i l i t i e s  Study 
(Phase O ) , "  Volumes I and 11, TRW Systems Group 
F i n a l  Repor t  No. 26405-6001-RU-00 prepared  f o r  t he  
N a t i o n a l  Sc ience  Foundat ion  (December 3 1 ,  1 9 7 4 )  

, 

Exper imenta l  Geothermal Research F a c i l i t i e s  Study 
(Phase 0)  

P r o j e c t  T i t l e :  

Con t rac t  No: E (0 4-3) -1085 

The s t u d y  comprised Phase 0 of  a p r o j e c t  f o r  Exper imenta l  Geothermal 
Research  F a c i l i t i e s ,  performed by TRW Systems Group under  Grant 
No. GI-44149 of t h e  Na t iona l  Sc ience  Foundat ion ' s  o v e r a l l  program of 
Research  Applied t o  Na t iona l  Needs (RA"). The s tudy  focused  on iden- 
t i f i c a t i o n  of a r e p r e s e n t a t i v e  l iqu id-dominated  geothermal  r e s e r v o i r  
of  modera te  tempera ture  and s a l i n i t y ,  p re l imina ry  e n g i n e e r i n g  d e s i g n  
of  an  a p p r o p r i a t e  energy  conve r s ion  sys tem,  i d e n t i f i c a t i o n  of c r i t i c a l  
t echnology,  and p l ann ing  f o r  implementa t ion  of expe r imen ta l  f a c i l i t i e s .  
S i g n i f i c a n t  c o n s i d e r a t i o n s  inc luded  development of  l i a i s o n  wi th  t h e  
i n d u s t r i a l  s e c t o r  t o  e n s u r e  r e spons iveness  t o  t h e i r  v iews  i n  f a c i l i t y  
r equ i r emen t s  and p l ann ing  and i n c o r p o r a t i o n  of envi ronmenta l  and soc io-  
economic f a c t o r s .  

* A r c h i t e c t u r a l  Engineer  P o r t i o n  on ly  - Phase 0 s t u d y  was no t  
t r a n s f e r r e d  from NSF t o  ERDA. 
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A.6 Environmental Control and Institutional Studies 

P r o j e c t  T i t l e :  

C o n t r a c t  No: 

C o n t r a c t o r :  

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding : 

Cont rac t  Term: 

Date Completed: 

Repor t s  I s sued :  

P lanning  Suppor t  t o  D i v i s i o n  of Geothermal Energy, 
Energy Research  and Development Admin i s t r a t ion  

N/A (purchase  o r d e r )  

TRW Systems Group, TRW. Inc .  
Redondo Beach, C a l i f o r n i a  

Robert  W i l l i a m s  
893-2000, Ext.  2114 (McLean, V i r g i n i a )  

Momtaz Mansour (P. Kruger) 
(202) 376-4897 
FTS 376-4897 

Supply t h e  necessa ry  pe r sonne l  t o  suppor t  t h e  
program d e f i n i t i o n  and p l ann ing  a c t i v i t i e s  of  
t h e  D i v i s i o n  of Geothermal Energy o f  t he  Energy 
Research  and Development Admin i s t r a t ion  (ERDA). 

FY 75 - -- 
FY 76 - $111K 
2/26/75-6/30/75 

6 /30/75  

"A Na t iona l  P l an  f o r  Energy Research ,  Development 
and Demonstration," ERDA r e p o r t  ERDA-48 (June 1975) 

A-22 Revised September 1, 1976 

P r o j e c t  T i t l e :  P l ann ing  Suppor t  t o  D i v i s i o n  of Geothermal Energy, 
Energy Research  and Development Admin i s t r a t ion  

Con t rac t  No: N/A (pu rchase  o r d e r )  

SUMMARY 

The c o n t r a c t o r  provided  s u p p o r t  t o  t h e  ERDA D i v i s i o n  of  Geothermal Energy 
i n  t h e  preparation of ERDA-48, "A Na t iona l  P l an  f o r  Energy Research ,  
Development and Demonstration." 

, 
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P r o j e c t  T i t l e :  Conference on Geopressured Geothermal Energy: 
Research and Development 

C o n t r a c t  No: E(40-1)-4886 

C o n t r a c t o r :  U n i v e r s i t y  o f  Texas a t  Aus t in  
Aus t in ,  Texas 

P r i n c i p a l  Myron Dorfman 
I n v e s t i g a t o r :  (512)  471-3220 

Program Manager: Ke i th  Westhusing (David B. Lombard) 
(202) 376-4902 
FTS 376-4902 

P r o j e c t  O b j e c t i v e :  To i n v o l v e  r e s e a r c h e r s  and u s e r s  i n  t h e  p l ann ing  
and development of  a r e s e a r c h  program i n  geopres-  
su red  geothermal  r e sources .  

Funding: FY 75 - $ 1 5 K  
FY 76 - -- 

C o n t r a c t  Term: 2115175-11/15/75 

Date Completed: 11/15/75 

Repor t s  I s sued :  Myron H. Dorfman and Richard W. Deller, e d i t o r s ,  
”P roceed ings  - F i r s t  Geopressured Geothermal Energy 
Conference,”  Cen te r  f o r  Energy S t u d i e s ,  U n i v e r s i t y  
o f  Texas a t  A u s t i n ,  June  2-4, 1975 

A.6 Environmental Control and Institutional Studies A-23 
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P r o j e c t  T i t l e :  Conference on Geopressured Geothermal Energy: 
Research and Development 

C o n t r a c t  No: E(40-1)-4886 

SUMEIARY 

The Cen te r  f o r  Energy S t u d i e s  a r r anged  and managed a l i m i t e d  a t t e n d a n c e  
confe rence  on geopres su red  geothermal  ene rgy  a t  t h e  U n i v e r s i t y  o f  Texas,  
Aus t in ,  on June 2-4, 1975. 
r e s e a r c h e r s  and u s e r s  i n  t h e  development o f  a n a t i o n a l  geopres su red  
geo the rma l  e f f o r t .  
s i o n s  w i t h  inv i t ed  speake r s  and a half-day pane l  d i s c u s s i o n .  
i n g s  have been pub l i shed .  

The purpose o f  t h e  meet ing w a s  t o  invo lve  

The confe rence  format  inc luded  f i v e  half-day ses- 
Proceed- 

Revised September 1, 1976 



A.6 Environmental Control and Institutional Studies 

P r o j e c t  T i t l e :  

Con t rac t  No: 

C o n t r a c t o r  : 

P r i n c i p a l  
I n v e s t i g a t o r :  

Program Manager: 

P r o j e c t  Ob jec t ive :  

Funding: 

Con t rac t  Term: 

Date Completed: 

Repor ts  I s sued :  

Suppor t  f o r  P r e p a r a t i o n  of Geothermal Energy 
Program Approval Document 

Purchase  Order WA 76-2042 

Systems C o n s u l t a n t s ,  Inc .  
Washington, D.C. 

F rank  Snow 
(202) 333-6800 

Randa l l  S tephens  
(202)  376-4897 
FTS 376-4897 

P rov ide  s u p p o r t  t o  t h e  D i v i s i o n  of Geothermal 
Energy i n  t h e  p r e p a r a t i o n  of t h e  Geothermal Energy 
Program Approval Document. 

FY 75 - -- 
FY 76 - $ 7K 

10/75-11/75 

(Terminated 11/ 1 3  /7  5 ) 

None 

A-24 Revised September 1, 1976 

P r o j e c t  T i t l e :  Suppor t  f u r  P r e p a r a t i o n  of Geothermal Energy 
Program Approval Document 

C o n t r a c t  No: Purchase  Order  WA 76-2042 

SUMMARY 

The p r o j e c t  was t e rmina ted  when t h e  d e a d l i n e  f o r  comple t ion  of t h e  
Geothermal Energy Program Approval Document was r e l axed .  
rough d r a f t  of t h e  document was produced. 

Only a f i r s t  



3 

P r o j e c t  T i t l e :  Survey-Worldwide Geothermal In fo rma t ion  

Con t rac t  No: E(49-18)-2359 

C o n t r a c t o r :  The F r a n k l i n  I n s t i t u t e  Research L a b o r a t o r i e s  
R o c k v i l l e ,  Maryland 

P r i n c i p a l  Helis Miido 
I n v e s t i g a t o r :  (215) 448-1465 ( P h i l a d e l p h i a ,  Pennsylvania)  

Program Manager: Seymour S h w i l l e r  
(202) 376-4897 
FTS 376-4897 

P r o j e c t  Ob jec t ive :  To p rov ide  a b a s e  f o r  ERDA geothermal  energy  
in fo rma t ion  d isseminaLion  a c t i v i t i e s  th rough a su r -  
vey  of worldwide geothermal  l i t e r a t u r e  and develop- 
ment of i n fo rma t ion  d i s s e m i n a t i o n  t o o l s .  

Funding : FY 75 - -- 
FY 76/TQ - $ 19K 

C o n t r a c t  Term:  4/26/76-a113/76 

DateComple ted :  8/31/76 

Repor ts  I s sued :  None 

P r o j e c t  T i t l e :  Survey-Worldwide Geothermal In fo rma t ion  

Con t rac t  No: E(49-18)-2359 

SUMMARY 

T h i s  p r o j e c t  c o n s i s t s  of  a worldwide geothermal  l i t e r a t u r e  su rvey  t o  
p rov ide  a base f o r  ERDA geo the rma l  energy  in fo rma t ion  d i s s e m i n a t i o n  
a c t i v i t i e s .  
t i o n  of a v a i l a b l e  in fo rma t ion  s e r v i c e s  and d e s i g n  o f  i n f o r m a t i o n  
d i s semina t ion  t o o l s .  

The work i s  t o  be  accomplished i n  two phases :  i n v e s t i g a -  

I n  Phase l, a s u b j e c t  s c r e e n i n g  l i s t  was developed ,  a c o r e  l i s t  of 
s e r i a l  p u b l i c a t i o n s  c o n t a i n i n g  geothermal  energy  i n f o r m a t i o n  was gener -  
a t e d  and c o r r e l a t e d  wi th  t h e  ERDA-TIC s e r i a l  p u b l i c a t i o n s  l i s t .  
t h e s e  l i s ts  and a l i s t i n g  of o t h e r  t han  s e r i a l  s o u r c e s ,  t h e  t o t a l  
e s t i m a t e d  annual volume of i n fo rma t ion  from a l l  s o u r c e s  was developed .  
Phase  2 w i l l  i n c l u d e  recommendations f o r  t h e  c o l l e c t i o n ,  p rocess ing  and 
d i s semina t ion  of t h e  e n t i r e  g l o b a l  c o l l e c t i o n  of geothermal  energy  
in fo rma t ion .  

From I 
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Appendix B - A l p h a b e t i c a l  L i s t  of  C o n t r a c t o r s  

C o n t r a c t o r s  a r e  c a t e g o r i z e d  i n  t h i s  appendix as f o l l o w s :  

B.l EKDA Laboratories... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-2 

B.2 I n t e r a g e n c y  Agreements .................................... B-3 

B . 3  I n d u s t r i a l  and Othe r  Contractors... . . . . . . . . . . . . . . . . . . . . . . .  8-3 

B.4 Universities.............................................. B-5 

Each p r o j e c t  pursued by each  c o n t r a c t o r  is i d e n t i f i e d  i n  Appendix B by 
t h e  page on which t h e  summary a p p e a r s  i n  t h i s  r e p o r t .  

3 

Appendix B - Alphabetical List of Contractors B-1 Revised September 1, 1976 



Appendix 6 - Alphabetical List of Contractors 

B . l  ERDA Labora to r i e s*  

Argonne N a t i o n a l  Labora tory  (ANL) 
9700 South  Cass Avenue 
Argonne, I l l i n o i s  60439 

C o n t r a c t  No. W-31-109-ENG-38 

Bat te l le  Pac iE ic  Northwest Labora tory  (PNL) 
P.O. Box 999 
Richland ,  Washington 99352 

Con t rac t  No. E(45-1)-1830 

Brookhaven N a t i o n a l  Labora tory  (BNL) 
Assoc ia t ed  U n i v e r s i t i e s ,  Inco rpora t ed  
Upton, New York 11973 

Con t rac t  No. E(30-1)-0016 

Idaho Na t iona l  Energy Labora tory  (INEL) 
Aero je t  Nuclear  Company 
550 2nd S t r e e t  
Idaho F a l l s ,  Idaho  83401 

Con t rac t  N o .  E(10-1)-1375 

Lawrence Berke ley  Labora tory  (LBL) 
U n i v e r s i t y  of C a l i f o r n i a  
Berke ley ,  C a l i f o r n i a  94720 

Con t rac t  No. W-7405-ENG-48 

Lawrence Livermore Labora tory  (LLL) 
U n i v e r s i t y  of  C a l i f o r n i a  
P.O. Box 808 
Livermore,  C a l i f o r n i a  94550 

C o n t r a c t  No. W-7405-ENG-48 

Los Alamos S c i e n t i f i c  Labora tory  (LASL) 
U n i v e r s i t y  of  C a l i f o r n i a  
P.O. Box 1663 
Los Alamos, New Mexico 87545 

C o n t r a c t  No. W-7405-ENG-36 ~ 

Summaries on pages: 

6-8 

1-22, 1-23, 1-28, 
2-32, 6-4, 6-13, 
A-10 

1-18, 1-19 

1-33, 2-14, 3-9 
3-12, 6-5 

1-29, 1-34, 2-15, 2-16 
3-4, 3-9, 6-7, 
6-23. 6-24 

1-20, 1-26, 1-42, 
2-13, 3-3, A-11 

1-17, 1-51, 2-4, 
2-12, 4-5, A-3 

* A l l  p r o j e c t s  performed by each  l a b o r a t o r y  are  i d e n t i f i e d  by t h e  same 
c o n t r a c t  number, unique t o  t h a t  l a b o r a t o r y .  

6-2 Revised September 1, 1976 

B . l  ERDA L a b o r a t o r i e s  ( con t . )  

Summaries o n  pages:  

1-21, 1 - 2 7 ,  1-32 
6-3 

Oak Ridge Na t iona l  Labora tory  (ORNL) 
P.O. Box X 
Oak Ridge, Tennessee 37830 

Con t rac t  No. W-7405-ENG-26 

Sandia  L a b o r a t o r i e s  (SLA) 
P.O. Box 5800 
Albuquerque, New Mexico 87115 

C o n t r a c t  No. E(29-1)-0789 

1-5, 1-6, 1 -7 ,  1-41 
2-5 

i 

i 
I 

I 
~ 

i I 

, 
I 
I 
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B.2 In t e ragency  Agreements* 

U.S. Department of  t h e  I n t e r i o r  
Geo log ica l  Survey 
Res ton ,  V i r g i n i a  22092’ 

U.S. Department of t h e  I n t e r i o r  
Bureau of Reclamat ion  
Washington, D.C. 20240 

N a t i o n a l  Aeronau t i c s  and 

4800 Oak Grove Dr ive  
Pasadena ,  C a l i f o r n i a  91103 

N a t i o n a l  Academy of  Sc iences /  
N a t i o n a l  Research  Counci l  

2101 C o n s t i t u t i o n  Avenue, NW. 
Washington, D.C. 20418 

U.S. Department of  t h e  Navy 
Naval Weapons Center  
China Lake. C a l i f o r n i a  93555 

U.S. Department of  t h e  Navy 
Naval Sea Systems Command 
Ar l ing ton ,  V i r g i n i a  20360 

Space  Admin i s t r a t ion  (NASA) 

Summaries on pages :  

2-6, 2-8, 2-17, 2-18 
3-14, 6-9, A-8 

3-5 

1-24, 1-43, 6-15, A-17 

6-16, 6-17 

2-32 

2-19 

* Work under  an  in t e ragency  agreement i s  performed by t h e  agency i t s e l f  
or by a n  o u t s i d e  i n s t i t u t i o n  as i d e n t i f i e d  i n  t h e  P r o j e c t  Summary. 

3 

B.3 I n d u s t r i a l  and Othe r  C o n t r a c t o r s  

A e r o j e t  Liquid Rocket Company 
P.O. Box 13222 
Sacramento ,  C a l i f o r n i a  95813 

Bech te l  Corpora t ion  
50 Bea le  S t r e e t  
San F ranc i sco ,  C a l i f o r n i a  94119 

The Ben H o l t  Company 
201 South  Lake Avenue 
Pasadena ,  C a l i f o r n i a  91101 

Biphase Engines, Inco rpora t ed  
P.O. Box 233 
L a  Canada, C a l i f o r n i a  91011 

Coopers and Lybrand 
One Bush S t r e e t  
San Franc isco ,  C a l i f o r n i a  94104 

Daedalean Assoc ia t e s ,  Inco rpora t ed  
S p r i n g l a k e  Research Cen te r  
15110 Freder ick  Road 
Woodbine, Maryland 21797 

Dow Chemical,  USA 
F r e e p o r t ,  Texas 77541 

DSS Engineers ,  Inco rpora t ed  
7483 NW. Fourth S t r e e t  
F t .  Lauderdale,  F l o r i d a  33317 

Summaries on pages: 

1-35 

3-6, A-18 

1-36 

1-45 

6-20 

1-15 

1-31, 6-12 

1-37 

Environmental  Impact Cen te r ,  Inco rpora t ed  (EIC) 1-30, 6-10 
555 Chapel  S t r e e t  
Newton, Massachuse t t s  02158 

Flow Research, Inco rpora t ed  
1819 Sou th  Cen t ra l  Avenue 
Kent,  Washington 98031 

1-13 

The F r a n k l i n  I n s t i t u t e  Research  L a b o r a t o r i e s  A-2 5 
11611 Old Georgetown Road 
R o c k v i l l e ,  Maryland 20852 
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B.3 I n d u s t r i a l  and O t h e r  C o n t r a c t o r s  ( con t . )  

Gene ra l  E l e c t r i c  Company R&D Cen te r  
P.O. Box 43 
Schenectady,  New York 12301 

Mechanics Research,  I n c o r p o r a t e d  
9841 A i r p o r t  Boulevard 
Los Angeles ,  C a l i f o r n i a  90045 

The MITRE C o r p o r a t i o n ,  METREK D i v i s i o n  
Westgate  Research Park 
McLean, V i r g i n i a  22101 

O c c i d e n t a l  Research Corpora t ion  
( fo rmer ly  Garrett Research and 

1855 C a r r i o n  Road 
La Verne, C a l i f o r n i a  91750 

Osborn-Hodges-Roberts-Wieland Enginee r ing  
P.O. Box 4266 
Bryan, Texas 77801 

R&D A s s o c i a t e s  
P.O. Box 9695 
Marina d e l  Rey, C a l i f o r n i a  90291 

Raytheon Company 
Equipment Development L a b o r a t o r i e s  
520 Boston P o s t  Road 
Sudbury, Massachuse t t s  01776 

San Diego Gas and E l e c t r i c  Company 
P.O. Drawer 28510 
San Diego, C a l i f o r n i a  92112 

Southwest  Research I n s t i t u t e  
P.O. Drawer 28510 
San Antonio,  Texas 78284 

Spe r ry  Rand Corpora t ion  
Spe r ry  Research C e n t e r  
100 North Road 
Sudbury, Massachuse t t s  01776 

Development Company, I n c o r p o r a t e d )  

b a 

Summaries on  pages:  

1-8, 1-44 

A- 6 

6-11, 6-18, A-19, A-20 

1-38 

2-33 

2-2 1 

1-14 

3-8 

A-1 2 

1-9, 1-10> 1-49 

B-4 Revised September 1,1976 

B.3 I n d u s t r i a l  and O t h e r  C o n t r a c t o r s  ( con t . )  

S t a n f o r d  Research I n s t i t u t e  
333 Ravenswood Avenue 
Menlo Park,  C a l i f o r n i a  94025 

C i t y  of  S u s a n v i l l e  
66 North Lassen S t r e e t  
S u s a n v i l l e ,  C a l i f o r n i a  96130 

Systems C o n s u l t a n t s ,  Inc .  
1050 3 1 s t  S t r e e t ,  N W .  
Washington, D.C. 20007 

Systems, Sc ience  and Sof tware  
P.O. Box 1620 
La J o l l a ,  C a l i f o r n i a  92037 

T e r r a  Tek, I n c o r p o r a t e d  
420 Wakara Way 
S a l t  Lake C i t y ,  Utah 84108 

TRW Systems Group, TRW, Inc.  
One Space Park 
Redondo Beach, C a l i f o r n i a  90278 

Weid l inge r  A s s o c i a t e s  
110 East 5 9 t h  S t r e e t  
New York, New York 10022 
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U n i v e r s i t y  of A 1  a ska  
F a i r b a n k s ,  Alaska 99701 

U n i v e r s i t y  of  Ar i zona  
Tucson, Arizona 85721 

B.4 U n i v e r s i t i e s  

Summaries on pages:  

2-10 

2-33 

1-48 

A-15 

1-24, 1-43, 6-15, A-17 

Brown U n i v e r s i t y  
P rov idence ,  %ode I s l a n d  02912 

C a l i f o r n i a  I n s t i t u t e  o f  Technology 
Pasadena ,  C a l i f o r n i a  91109 

J e t  P r o p u l s i o n  Labora to ry  (JPL) 
C a l i f o r n i a  I n s t i t u t e  of  Technology 
4800 Oak Grove Dr ive  
Pasadena ,  C a l i f o r n i a  91103 

Un i v e r  s i  t y o f  C a l  i f  o r n i a  , River  s i d e  
Research O f f i c e  
R i v e r s i d e ,  C a l i f o r n i a  92502 

Case Western Reserve U n i v e r s i t y  
10900 E u c l i d  Avenue 
C leve land ,  Ohio 44106 

Colorado School  of Mines 
Department o f  Geophysics  
Golden, Colorado 80401 

Denver Research I n s t i t u t e  
U n i v e r s i t y  of Denver 
Denver,  Colorado 80210 

U n i v e r s i t y  o f  H a w a i i  
2540 Dole S t r e e t  
Honolulu,  H a w a i i  96822 

Applied P h y s i c s  Labora to ry  
The Johns  Hopkins U n i v e r s i t y  
Johns Hopkins Road 
L a u r e l ,  Maryland 20810 

2-1 7 

1-25 

2-9 

1-50 

3-1 1 

2-19 

B . 4  U n i v e r s i t i e s  ( c o n t . )  

Summaries on pages: 

6-22 I n d i a n a  Un ive r s i ty  
School  o f  Law 
P.O. Box F 
Bloomington, Indiana 47401 

L o u i s i a n a  S t a t e  U n i v e r s i t y  
Baton Rouge, Louis iana 70803 

U n i v e r s i t y  of  Maine a t  Orono 
Orono, Maine 04473 

McNeese S t a t e  U n i v e r s i t y  
Lake C h a r l e s ,  Lou i s i ana  70601 

U n i v e r s i t y  of Missour i  
Bueh le r  Bui lding 
Rol la ,  Missouri  65401 

Montana College of  Mineral  Sc ience  

B u t t e ,  Montana 59701 

Nevada Bureau of Mines and Geology 
U n i v e r s i t y  of  Nevada a t  Reno 
Reno, Nevada 89557 

and Technology 

4-3 

2-24 

2-34 

1-16 

2-31, A-7 

2-1 1 

U n i v e r s i t y  of  New Hampshire 2-25 
Department of Resources  and Economic Development 
Durham, New Hampshire 03824 

N e w  Mexico Bureau o f  Mines and Mine ra l  Resources  2-22 
New Mexico I n s t i t u t e  of Mining and Technology 
Socor ro ,  N e w  Mexico 87801 

U n i v e r s i t y  o f  the S t a t e  of New York 
G e o l o g i c a l  Survey 
Educa t ion  Building 
Albany, New York 12234 

U n i v e r s i t y  of Oklahoma 
Norman, Oklahoma 73069 

Oregon I n s t i t u t e  of Technology 
Klamath F a l l s ,  Oregon 97601 

2-26 

1-47 

3-1 5 
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B.4 U n i v e r s i t i e s  ( con t . )  

Oregon S t a t e  U n i v e r s i t y  
C o r v a l l i s ,  Oregon 97331 

U n i v e r s i t y  o f  Southern  C a l i f o r n i a  
Law Cen te r  
U n i v e r s i t y  Park  
Los Angeles ,  C a l i f o r n i a  90007 

Bureau of Economic Geology 
U n i v e r s i t y  of  Texas a t  Aus t in  
Aus t in ,  Texas 78712 

Center  f o r  Energy S t u d i e s  
U n i v e r s i t y  of  Texas a t  Aus t in  
Aus t in ,  Texas 78712 

U n i v e r s i t y  of  Utah 
S a l t  Lake C i t y ,  Utah 84112 

V i r g i n i a  Po ly techn ic  I n s t i t u t e  

Department of Geo log ica l  S e r v i c e  
4044 Der r ing  H a l l  
B lacksburg ,  V i r g i n i a  24061 

and S t a t e  U n i v e r s i t y  
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1-39 

2-30, A-9 





3 

John A. Apps 
Lawrence Berke ley  Labora tory  

H. G. Arnold 
Oak Ridge N a t i o n a l  Labora tory  

A. L. Aus t in  
Lawrence Livermore Labora tory  

C. A. Bankston 
Los Alamos S c i e n t i f i c  Labora to ry  

Lawrence 0. B e a u l a u r i e r  
B e c h t e l  Corpora t ion  

A l l e n  G. Blair 
Los Alamos S c i e n t i f i c  Labora tory  

C. H. Bloomster 
Bat te l le  P a c i f i c  Northwest Labora to ry  

Gunnar Bodvarsson 
Oregon S t a t e  U n i v e r s i t y  

Rober t  F. Boehm 
U n i v e r s i t y  of  Utah 

E. G. Bohlman 
Oak Ridge N a t i o n a l  Labora tory  

A l b e r t  N. Bove 
N a t i o n a l  Academy of Sc iences /  

N a t i o n a l  Research  Counci l  

B. B re inde l  
A e r o j e t  L iquid  Rocket Company 

P. R. L. Browne 
U n i v e r s i t y ’ o f  C a l i f o r n i a ,  R i v e r s i d e  

R. J. Budni tz  
Lawrence Berke ley  Labora to ry  

John B. Cheung 
Flow Research ,  Inc .  
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Appendix C - L i s t  of P r i n c i p a l  I n v e s t i g a t o r s  

Each p r o j e c t  i n  which each  P r i n c i p a l  I n v e s t i g a t o r  i s  engaged is  i d e n t i f i e d  
i n  Appendix C by t h e  page on which t h e  summary a p p e a r s  i n  t h i s  r e p o r t .  
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1-29 

6- 3 

1-20, 1-26, 1-42, 
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A- 3 

3-6, A-18 

4-5 

6-13 

2-27 

1-39 

1-27 

6-17 

1-35 
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3-4 

1-13 

S. Combs 
Oak Ridge Na t iona l  Labora tory  

Al l an  Conrad 
Je t  P ropu l s ion  Labora tory  

John K. Cos ta in  
V i r g i n i a  Po ly techn ic  I n s t i t u t e  

Gordon Culver 
Oregon I n s t i t u t e  of Technology 

J. D. Cyrus 
Sandia  Labora to r i e s  

Edward Day 
Systems, Sc ience  and Sof tware  

Myron H. Dorfman 
U n i v e r s i t y  of  Texas a t  Aus t in  

R. H. Douglass 
TRW Systems Group, TRW, Inc .  

W. A. E lders  
Un ive r s i ty  of  C a l i f o r n i a ,  R i v e r s i d e  

J. H. Eskesen 
Genera l  E l e c t r i c  Company 

R.  C. Feber 
Los Alamos S c i e n t i f i c  Labora tory  

Richard  Fiske 
U.S. Department of t h e  I n t e r i o r  
Geologica l  Survey 

David Fleming 
Montana Col lege  of Minera l  Sc ience  

and Technology 

Rober t  B.  Forbes  
U n i v e r s i t y  of  Alaska  Geophys ica l  I n s t i t u t e  

Summaries on pages: 

1-32 

A-17 

2-30, A-9 

3-15 

1-41 

2-7 

A-14, A-23 

A-2 1 

2-17 

1-44 

1-17 

2-18, A-8 

A-7 

2-10 
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Appendix C - (cont . )  

Kenneth Fu lche r  
U.S. Department of t h e  I n t e r i o r  
Bureau of Reclamat ion  

R. F. Fu l ton  
Lawrence Berke ley  Labora to ry  

L. Glover 111 
V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e  

L. Goldberg 
The MITRE Corpora t ion ,  METREK D i v i s i o n  

Mar t in  Goldsmith 
C a l i f o r n i a  I n s t i t u t e  of Technology 

S. G o l d s t e i n  
The MITRE Corpora t ion ,  METREK D i v i s i o n  

Pierre Goupi l laud  
Systems, Sc ience  and Sof tware  

S idney  J. Green 
Terra Tek, Inc .  

John Griess 
Oak Ridge N a t i o n a l  Labora tory  

C h a r l e s  G. Groa t  
U n i v e r s i t y  of Texas a t  Aus t in  

P. F. Gus tafson  
Argonne N a t i o n a l  Labora tory  

P. J. Hart 
Geophysics Research  Board 
N a t i o n a l  Academy of Sc iences /  

N a t i o n a l  Research Counci l  

W. W. Harvey 
E I C  Inco rpora t ed  

Murray F. Hawkins 
Lou i s i ana  S t a t e  U n i v e r s i t y  

Summaries on pages: 

3-5 

1-34 

2-30 

A-20 

A-15 

6-18 

2-20 

1-11, 1-12 

1-21 

2-29, 4-4, A-13 

6-8 

6-16 

1-30, 6-10 

4-3 

c-2 

L. Hays 
Biphase  Engines ,  Inc .  

Michae l  H. Heys 
Coopers and Lybrand 

L. E. Hibbs,  Jr. 
Genera l  E l e c t r i c  Company 
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1-45 

A. A. I lochre in ,  Jr. 
Daedalean A s s o c i a t e s ,  Inc .  

H. W. Hoffman 
Oak Ridge N a t i o n a l  Labora to ry  

F. Holzer  
Lawrence Livermore Labora to ry  

Yngvar W. I s achsen  
U n i v e r s i t y  of t h e  S t a t e  of New York 

Harold R. J acobs  
U n i v e r s i t y  of Utah 

J. S. Kahn 
Lawrence Livermore Labora to ry  

0. C a r r o l  K a r k a l i t s  
McNeese S t a t e  U n i v e r s i t y  

George V. Keller 
Colorado  School  of Mines 

Ronald D. K e l l y  
Mechanics Research .  Inc .  

Joseph  K e s t i n  
Brown U n i v e r s i t y  

W. S c o t t  Keys 
U.S. Department of t h e  I n t e r i o r  
Geo log ica l  Survey 

Roy M. Knapp 
U n i v e r s i t y  of Texas a t  Aus t in  

6-20 

1-8 

1-15 

1-32 

?-3 

2-26 

1-39 

2-13 

2-34 

2-9 

A-6 

1-48 

2-6 

2-28 
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Appendix C - (cont . )  

Myer Kolker  
Raytheon Company 

E r n e s t  P. K r a j e s k i  
The MITRE Corpora t ion ,  METREK D i v i s i o n  

L. E. Kukacka 
Brookhaven N a t i o n a l  Labora to ry  

J. F. Kunze 
Idaho  N a t i o n a l  Eng inee r ing  Labora to ry  

Gera ld  L. Lanterman 
Coopers and Lybrand 

John G. Lewis 
R&D A s s o c i a t e s  

Ben E. Lofgren 
U.S. Department of  t h e  I n t e r i o r  
G e o l o g i c a l  Survey 

G i l b e r t  Lombard 
San Diego Gas a n d  E l e c t r i c  Company 

A l f r e d  B. Longyear 
C i t y  of  S u s a n v i l l e ,  C a l i f o r n i a  

E r n e s t  E. M a r t i n e l l i  
R6D A s s o c i a t e s  

Warren D. McBee 
Spe r ry  Research Cen te r  

Byron McCormick 
Los Alamos S c i e n t i f i c  Labora to ry  

Thomas McGetchin 
Los Alamos S c i e n t i f i c  Labora to ry  

Richard A. McKay 
J e t  P r o p u l s i o n  Laboratory 

Helis Miido 
The F r a n k l i n  I n s t i t u t e  Research L a b o r a t o r i e s  
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1-14 

6-11 

1-18, 1-19 

3-9, 6-5 

6-20 

2-21 
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3-14 

2-21 

1-9, 1-10, 1-49 

2-4 

1-51 

1-43 

A-25 
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K. Mirk 
Lawrence Berkeley Labora to ry  

Ca s p e r  Mo h l  
Je t  Propuls ion Labora to ry  

Frank Morrison 
Lawrence Berkeley Labora to ry  

W i l l i a m  A. Muel l e r  
Je t  P ropu l s ion  Laboratory 

R. Murphy 
Oak Ridge Na t iona l  Labora to ry  

B. C. Musgrave 
Idaho  Nat ional  Eng inee r ing  Labora to ry  

Melvin M. Newsom 
Sand ia  Labora to r i e s  

Denis  Norton 
U n i v e r s i t y  of A r  i z o n a  

Gary R. Olhoeft  
U.S. Department of  t h e  I n t e r i o r  
Geo log ica l  Survey 

P h i l i p  H. Osberg 
U n i v e r s i t y  of Maine a t  Orono 

W. F. Osborn 
Osborn-Hodges-Roberts-Wieland Enginee r ing  

R.  0. Pearson 
TRW Systems Group, TRW, I n c .  

C h a r l e s  P e z z o t t i  
Lawrence Berkeley Labora to ry  

S idney  P h i l l i p s  
Lawrence Berkeley Labora to ry  

George R. P i c k e t t  
Colorado School of Mines 

Summaries on pages: 

1-34, 3-4 

6-15 

2-15 

1-24 

1-32 

1-33 

1-6, 2-5 

2-23 

2-8 

2-24 

2-33 

3-7 

6-24 

6-23 

2-9 
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Appendix C - (cont . )  

Gopalachary Ramachandran 
S t a n f o r d  Research I n s t i t u t e  

E. W. Reece 
Sand ia  L a b o r a t o r i e s  

Gordon R e i s t a d  
Oregon I n s t i t u t e  of  Technology 

M a r s h a l l  R e i t e r  
New Mexico Bureau o f  Mines and 

Mine ra l  Resources  

Laurence  Ross 
U n i v e r s i t y  of  Denver Research I n s t i t u t e  

I v a n  S. Sand le r  
Weid l inge r  A s s o c i a t e s  

Mar t in  S c h o l l  
The MITRE Corpora t ion ,  METREK D i v i s i o n  

R. J. S c h u l t z  
Idaho  N a t i o n a l  Eng inee r ing  Labora to ry  

D. W. Shannon 
Ba t t e l l e  P a c i f i c  Northwest Labora to ry  

John W. Shupe 
U n i v e r s i t y  of H a w a i i  

T e r r y  L. Simkin 
Lawrence Berke ley  Labora to ry  

Anker Sims 
The Ben H o l t  Company 

A. K. S inha  
V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e  

M. C.  Smith 
Los Alamos S c i e n t i f i c  Labora to ry  

Frank Snow 
Systems C o n s u l t a n t s ,  Inc .  

1-50 

1-46 

A-19 

3-12 

1-22,  1-23, 1-28 

3-1 1 

6-7 

1-36 

2-30 

2-12 

A-24 

c-4 
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Appendix C - ( con t . )  

John L. Sonderegger  
Montana Co l l ege  of  Mine ra l  Sc ience  

and Technology 

Kenneth E. S t a r l i n g  
U n i v e r s i t y  of  Oklahoma 

M. S t e i n b e r g  
Brookhaven N a t i o n a l  Laboratory 

Donald S tewar t  
Bat te l le  P a c i f i c  NorthwesL Labora to ry  

Glenn W. S t ewar t  
U n i v e r s i t y  of  New Hampshire 

Roger S toke r  
Idaho  Na t iona l  Eng inee r ing  Labora to ry  

A. M. Stone 
Johns  Hopkins U n i v e r s i t y  
Applied P h y s i c s  Labora to ry  

C h r i s t o p h e r  D. Stone 
U n i v e r s i t y  of Sou the rn  C a l i f o r n i a  

David A. Summers 
U n i v e r s i t y  of  M i s s o u r i  

B i l l  S u r a t t  
DSS Engineers  

Robert  K. Swanson 
Southwest  Research I n s t i t u t e  

G. E. T a r d i f f  
Lawrence Livermore Labora to ry  

A. Dan Ta r lock  
I n d i a n a  U n i v e r s i t y  

A. P. Thiruvengadam 
Daedalean A s s o c i a t e s ,  Inc .  

Dennis T. T r e x l e r  
Nevada Bureau of Mines and Geology 
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A. R. Tro iano  
Case Western Reserve U n i v e r s i t y  

Joseph  W. Upton 
B a t t e l l e  P a c i f i c  Northwest Labora to ry  

Ed Wahl 
O c c i d e n t a l  Research Corpora t ion  

P .  C.  Walkup 
B a t t e l l e  P a c i f i c  Northwest Labora to ry  

Oleh Weres 
Lawrence Berke ley  Labora tory  

Rober t  Wi l l iams  
TRW Systems Group, TRW, Inc .  

John S. Wilson 
Dow Chemical,  USA 

Pau l  A. Witherspoon 
Lawrence Berke ley  Labora tory  

C.  W. Young 
Sandia  L a b o r a t o r i e s  
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Appendix D - 
Projects by States 

I I 



- . -  I.. 

Alaska  

2-10 

Arizona  

2-23 

C a l i f o r n i a  

1-20 3-3 
1-24 3-4 
1-26 3-6 
1-29 3-7 
1-34 3-8 
1-35 3-14 
1-36 
1-38 6-7 
1-42 6-15 
1-43 6-19 
1-45 6-20 

6-2 1 
2-7 6-23 
2-13 6-24 
2-1 5 
2-16 A-6 
2-17 A-11 
2-20 A-15 
2-21 A-17 

A-18 
A-2 1 
A-2 2 

Colorado  

1-50 
2-9 

Appendix D - P r o j e c t s  by S t a t e s  

All p r o j e c t s  summarized i n  t h i s  r e p o r t  a r e  a r r anged  i n  Appendix D by t h e  
s t a t e  a d d r e s s  of t h e  c o n t r a c t o r .  Each p r o j e c t  is i d e n t i f i e d  by t h e  page 
on which t h e  summary a p p e a r s  i n  t h i s  r e p o r t .  

Appendix D - Projects by States 

D i s t r i c t  of Columbia 

3-5 
6-1 6 
6-1 7 
A-24 

F l o r i d a  

1-37 

Hawaii 

3-1 1 

l daho  - 
1-33 
2-14 
3-9 
3-12 
6-5 

I l l i n o i s  

6-8 

I n d i a n a  

6-2 2 

Loui s i ana  

2-34 
4-3 

Maine 

2-24 

Maryland 

1-15 
2-19 
A-25 

Massachuse t t s  

1-9 
1-10 
1-14 
1-30 
1-49 
6-10 

Missour i  

1-1 6 

Montana 

2-3 1 
A- 7 

Nevada 

2-1 1 

New Hampshire 

2-25 

N e w  Mexico 

1-5 
1-6 
1-7 
1-1 7 
1-41 
1-51 

D-1 

N e w  Mexico (cont inued)  

2-4 
2-5 
2-1 2 
2-2 2 
4-5 
A-3 

New York 

1-8 
1-18 
1-19 
1-44 
i-&6 
2-26 

Ohio - 
1-25 

Oklahoma 

1-47 

Oregon 

2-2 7 
3-1 5 

Rhode I s l a n d  

1-48 

Tennessee 

1-2 1 
1-27 
1-32 
6-3 

Texas 

1-31 
2-28 
2-29 
2-33 
4-4 
6-12 
A-1 2 
A-1 3 
A-14 
A-23 

Utah 

1-1 1 
1-1 2 
1-39 

V i r g i n i a  

2-6 
2-8 
2-1 7 
2-18 
2-19 
2-30 
3-14 
6-9 
6-1 1 
6-18 
A- 8 
A-9 
A-19 
A-20 

Washington 

1-13 
1-22 
1-23 
1-28 
2-32 
6-4 
6-1 3 
A-10 
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