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B a c k g r o u n d  

P r o b l e m s  r e s u l t i n g  f r o m  i n a d e q u a t e  d r i l l i n g  f l u i d s  a r e  t h e  

mos t  f r e q u e n t l y  q u o t e d  r e a s o n s  f o r  h i g h  g e o t h e r m a l  d r i l l i n g  

c o s t s .  S e v e r e  c o r r o s i o n  and e r o s i o n  p r o b l e m s  a r e  common when 

a i r  d r i l l i n g ;  y e t  s l o w  d r i l l i n g  r a t e s ,  p o o r  f i l t r a t i o n  c o n t r o l ,  

l o s s  o f  c i r c u l a t i o n ,  and mud g e l a t i o n  o f t e n  o c c u r  when u s i n g  

muds. I n  o r d e r  t o  a s c e r t a i n  how d r i l l i n g  foams m i g h t  be u t i l i z e d  

i n  g e o t h e r m a l  d r i l l i n g  t o  . s o l v e  some o f  t h e s e  p r o b l e m s  ( h e n c e  

r e d u c i n g  g e o t h e r m a l  w e l l  c o s t s )  S a n d i a  L a b o r a t o r i e s  c o n t r a c t e d  

w i t h  M a u r e r  E n g i n e e r i n g  t o  e v a l u a t e  d r i l l i n g  foams f o r  g e o t h e r m a l  

a p p l i c a t i o n s  and t o  recommend a p r o g r a m  f o r  d e v e l o p i n g  g e o t h e r m a l  

d r i l l i n g  foams.  

I 

D r i l l i n g  f l u i d  r e l a t e d  p r o b l e m s  a r e  t h e  s i n g l e  mos t  

f r e q u e n t l y  s i t e d  r e a s o n  f o r  d r i l l i n g  p r o b l e m s  i n  g e o t h e r m a l  w e l l s .  

I The mos t  a p p a r e n t  p r o b l e m s  a r e  t h e  f a i l u r e s  o f  t h e  f l u i d  t o  
/ I  p e r f o r m  e s s e n t i a l  f u n c t i o n s  u n d e r  h i g h - t e m p e r a t u r e  c o n d i t i o n s .  I 

F o r  examp le ,  g e l a t i o n  o f  c o n v e n t l o n a l  muds when c i r c u l a t i o n  i s  

s t o p p e d  f o r  o p e r a t i o n s  o t h e r  t h a n  d r i l l i n g  .can l e a d  t o  s t u c k  p i p e ,  

a b o r t e d  l o g g i n g  r u n s ,  s t u c k  t o o l s ,  e t c .  The r e l a t e d  h i g h  pump ing  

p r e s s u r e s  c a n  c a u s e  u n e x p e c t e d  f a i l u r e  6 f  c a s i n g  s e a t s  o r  

f o r m a t i o n  b reakdown w i t h  c o n s e q u e n t  loss o f  c i r c u l a t i o n .  F l u i d s  

f o r m u l a t e d  t o  r e m a i n  r e a s o n a b l y  s t a b l e  a t  h i g h e r  ' t e m p e r a t u r e s  do 

n o t  ' have  a d e q u a t e  f i l t r a t i o n  c h a r a c t e r i s t i c s ,  r e s u l t i n g  i n  

p o s s i b l e  f o r m a t i o n  damage. 

* 
This repo r t  covers work performed under Sandia Laboratories Contract 07-7068 

and was sponsored by the U. S. Department o f  Energy D i v i s i o n  o f  Geothermal Energy. 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



I I 

Less  o b v i o u s  a r e  t h e  h i g h  d i r e c t  c o s t s  w h i c h  c a n  be i n c u r r e d  

w i t h  g e o t h e r m a l  d r i l l i n g  f l u i , d s .  E x p e n s i v e  t r e a t m e n t  and 

r e p l a c e m e n t  o f  m a t e r i a l s  a r e  r e q u i r e d  t o  keep t h e  f l u i d  p r o p e r l y  

, c o n d i t i o n e d .  D i f f i c u l t i e s  i n  c o r r o s i o n  c o n t r o l  i n  g e o t h e r m a l  

' e n v i r o n m e n t s  l e a d  t o  more  f r e q u e n t  d r i l l  p i p e  r e p l a c e m e n t  and 

d r i l l  p i p e  r e l a t e d  p r o b l e m s  t h a n  i s  e x p e r i e n c e d  i n  n o n - g e o t h e r m a l  

a p p l  i c a t ' i o n s . '  

o b v f o u s  i s  t h e  i n d i r e c t  c o s t  f r o m  s l o w e r  d r i l l i n g ,  

l o s t  t i m e  f o r  p e r i p h e r a l  O p e r a t i o n s  s u c h  as m i x i n g  mud, a d d i n g  

l o s t  c i r c u l a t i o n  m a t e r i a l s ,  d r i l l  p i p e  i n s p e c t i o n ,  e t c .  

c t i o n  and  u s e  o f  d r i l l i n g  f l u i d s  f o r  g e o t h e r m a l  

a p p l i c a t i o n  r e q u i r e s  g r e a t e r  c a r e  and t e c h n o l o g y  t h a n  o i l  and gas  

o p e r a t i o n s .  The h i g h  c o s t  o f  t h e s e  o p e r a t i o n s  and t h e  s e n s i t i v i t y  

o f  g e o t h e r m a l  f o r m a t i o n s  t o  i r r e p a r a b l e  d r i l l i n g  damage t o  

p r o d u c t i v i t y  n e c e s s i t a t e s  improvemen ts  i n  t h e  e f f e c t i v e n e s s  o f  

d r i l l i n g  f l u i d s  i n  g e o t h e r m a l  a p p l i c a t i o n s .  

Where g e o t h e r m a l  d r i l l i n g  a l l o w s  t h e  use  o f  a i r  a s  the.  
i 

d r i l l i n g  f l u i d ,  ! . e . ,  t h e  Geysers  a r e a  i n  C a l i f o r n i a ,  t h e  p o t e n t i a l  

b e n e f i t s  o f  d r i l l i n g  foams may be a p p l i c a b l e  e s p e c i a l l y  where  

f o r m a t i o n  p r e s s u r e  c o n t r o l  i s  n o t  a p r o b l e m .  Foams o f f e r  

a d v a n t a g e s  o v e r  a i r  i n  t h e i r  i n c r e a s e d  l i f t i n g  c a p a c i t y ,  r e d u c e d  

c o m p r e s s i o n  r e q u i r e m e n t s ,  h i g h e r  b o t t o m h o l e  d e n s i t i e s ,  and i m p r o v e d  

b o r e h o l e  s t a b i l i z a t i o n .  A b r o a d  s u r v e y  o f  i n d u s t r y  p e r s o n n e l  

i n d i c a t e s  t h a t  g e o t h e r m a l  d r i l l i n g  c o u l d  use  foams up t o  80% o f  

t h e  t i m e ,  Use o f  foams c o u l d  i n c r e a s e  d r i l l i n g  r a t e ,  d e c r e a s e  

down t ime ,  d e c r e a s e  c o r r o s i o n / e r o s i o n  e f f e c t s ,  h e l p '  c o n t r o l  l o s t  

c i r c u l a t . i o n ,  and h e l p  a l l e v i a t e  o t h e r  g e o t h e r m a l  d r i l l i n g  p r o b l e m s .  

Yet ,many t e c h n i c a l  p r o b l e m s  must  be ove rcome t o  a c c o m p l i s h  t h e s e  

t h i n g s .  



Some o f  t h e  o t h e r  a d v a n t a g e s  o f  foam d r i l l i n g  i n c l u d e :  

0 Good H o l e  C l e a n i n g  

H i g h  D r i l l i n g  R a t e  

0 Reduced L o s t  C i r c u l a t i o n  P r o b l e m s  

0 P o t e n t i a l  H i g h - T e m p e r a t u r e  C a p a b i l i t y  

.Reduced C a p i t a l  C o s t  

' The d i s a d v a n t a g e s  o f  m i x i n g ,  b r e a k i n g ,  and d i s p o s a l  o f  t h e  foams 

' a l o n g  w i t h  c ' o r r o s i o n  and b o r e h o l e  s t a b i l i t y  have  l i m i t e d  p r e s e n t  

a p p l i c a t i o n s .  However ,  t h e r e  a r e  some b o r e h o l e  zones  t h a t  f a v o r  

t h e  use  o f  foam a s  t h e  d r i l l i n g  f l u i d .  These a r e a s  a r e :  

1 .  L o s t  C i r c u l a t i o n  Zones Above Permeab le  Rock 

2. D r y  F r a c t u r e d  Rock . 
3 .  H o t  L o s t  C i r c u l a t i o n  Zones 

4 .  V a r i a b l e  D e n s i t y  R e q u i r e m e n t s  

The s h a l l o w e s t  and c o o l e s t  e n v i r o n m e n t a l  zone t h a t  f a v o r s  

t h e  u s e  o f  foam a s  a d r i l l i n g ' f l u i d  i s  i n  t h e  u p p e r  s e c t i o n - o f  

t h e  h o l e  where  t h e  t e m p e r a t u r e  does  n o t  exceed  250°F. Foam 

w o u l d  be t h e  a v o r e d  d r i l l i n g  f l u i d  i f  t h e  r o c k  w a s  w e t  and 

f r a c t u r e d  o r  ad a > l o s t  c i r c u l a t i o n  zone above  a w e t  zone w i t h  

a w a t e r  d r i v e .  The w a t e r  i n  t h e  zones  c o u l d  p r e c l u d e  t h e  u s e  o f  

a i r  a s  a d r i l l i n g  f l u i d .  The c o m p r e s s i b l e  n a t u r e  o f  t h e  foam 

s y s t e m  makes i t  p o s s i b l e  t o  have  a l i g h t  f l u i d  a t  t h e  t o p  o f  t h e  

h o l e  so as  t o  a v o i d  l o s t  c i r c u l a t i o n  and a d e n s e r  f l u i d  b e l o w  

\ 

' t h a t  zone t o  r e p r e s s  t h e  w a t e r  f l o w .  
I 

So I n  g e n e r a l ,  foam d r i l l i n g  i s  u s e d  when: , 

1. T h e r e  i s  severe l o s t  c i r c u l a t i o n  t h a t  i s  d i f f i c u l t  
o r  i m p o s s i b l e  t o  c o n t r o l  w i t h  c o n v e n t i o n a l  muds. 

I 



2, A i r  d r i , l l i n g  i s  u n s u i t a b l e  because  some 
h y d r o s t a t i c  p r e s s u r e  i s  r e q u i r e d  t o  s t o p  
f l u i d  i n f l u x  i n t o  t h e  w e l l b o r e  a n d / o r  
f r a c t u r e d  o r  b r o k e n  f o r m a t i o n s  make t h e  
w e l l b o r e  u n s t a b l e ;  o r  

h e  i n s u l a t i n g  p r o p e r t i e s  o f  foam make 
i t  d e s i r a b l e .  

In most foam d r i l l i n g  app  

f o a m i n g  a g e n t s  a r e  u s e d :  

i c a t i o n s  o n e  o f  s e v e r a l  t y p e s  o f  

1.  A l c o h o l  E t h e r  S u l f a t e .  These f o a m i n g  
a g e n t s  a r e  f o r m e d  w i t h  l o n g  c h a i n  a l c o h o l  
e t h o x y l a t e s  w h i c h  a r e  s u l f o n a t e d .  They 
a r e  t h e  m o s t  w i d e s p r e a d  f o a m i n q  a q e n t s  and 
c a n  be  f o r m u l a t e d  f o r  e i t h e r  f;esh w a t e r  
o r  s a l t  w a t e r  s o l u t i o n s .  

2 .  A l k y l  Benzene S u l f o n a t e .  These f o a m i n g  
a g e n t s  h a v e  b e t t e r  t e m p e r a t u r e  s t a b i l i t y  
t h a n  ( 1 )  above ,  b u t  t h e y  a r e  n o t  a s  e f f e c t i v e .  
More  a g e n t  i s  needed p e r  g a l l o n  o f  w a t e r  
fpamed. 

3 .  A l p h a  O l e f i n  S u l f o n a t e .  These a g e n t s  p e r f o r m  
v e r y  s i m i l a r l y  t o  ( 2 )  a b o v e .  

p p l i c a t i o n  where  f o a m  d r i l l i n g  is t o  be  c o n s i d e r  

y t o  d e t e r m i n e  t h e  amount  o f  t i m e  t h e  foam w i l l  

i n  t h e  w e l l  and t h e  t e m p e r a t u r e  o f  e x p o s u r e  b e f o r e  c o n c e n t r a t i  

c a n  be  es t . fma ted .  U s u a l l y  1 / 2  t o  1 %  f o a m i n g  a g e n t  (by  v o l u m e )  

A l s o ,  c o r r o s i o n  i n h i b i t o r s  c a n  b e  added t o  c o n t r o  

b l e m s .  The pH o f  t h e  w a t e r  u s e d  t o  g e n e r a t e  t h e  

s h o u l d  be  k e p t  a r o u n d  10 w i t h  a d d i t i o n s  o f  s o d i u m  h y d r o x  
I I 
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S e l e c t i o n  and  T e s t i n g  o f  Foams 

D u r i n g  t h e  c o u r s e  o f  t h e  i n v e s t i g a t i o n ,  a t o t a l  o f  3 6  samp les  

w e r e  s u b m i t t e d  by  15 s u p p l i e r s  f o r  t e s t i n g .  E i g h t , o f  t h e  

s u b m i t t e d  m a t e r i a l s  were  s e l e c t e d  f o r  a c t u a l  t e s t i n g .  S e l e c t i o n  

was based  o n  a v a i l a b i l i t y  o f  a s u f f i c i e n t  amount o f  sample  t o  

c o m p l e t e  a l l  t e s t s  and t i m e l y  r e c e p t i o n  o f  t h e  samp les .  The 

number o f  samples  w h i c h  c o u l d  be t e s t e d  was l i m i t e d  by  t i m e  

r e s t r a i n t s  t o  e i g h t  samples .  A l l  t h e  ma te  

t e s t i n g  w e r e  l i q u i d s  w i t h  t h e  e x c e p t i o n  o f  

w h i c h  was i n  s o l i d  f l a k e  f o r m .  The f o l l o w  

s e l e c t e d  t o  be  t e s t e d :  

AQUANESS M / A  - 9 4 5  
0 TRETOLITE TOL-FOAM TD - 1 

TEXTILANA SULFOTEX R I F  

TEXTILANA SULFOTEX LAS-90 

b B A R O I D  SURFLO S - 3 7 5  
CARDINAL CF-2 

. MILCHEM AMPLIFOAM 

0 MAGCOBAR DRILLING SOAP B 

i a l s  s e l e c t e d  f o r  

t h e  LAS-90 samp le ,  

n g  m a t e r i a l s  w e r e  

The f o a m e r s  w e r e  t e s t e d  b e f o r e  and a f t e r  e x p o s i n g  w a t e r  

s o l u t i o n s  o f  t h e  m a t e r i a l s  t o  5 O O 0 F  a t  an  a p p l i e d  n i t r o g e n  

p r e s s u r e  o f  375  p s i  f o r  1 6  h o u r s . ,  Foams w e r e  g e n e r a t e d  by  

i n j e c t i n g  a s o l u t i o n  o f  t h e  foamer  i n t o  an a i r s t r e a m  i n  a c o l u m n  

( A P I  P r o c e d u r e )  and  by  s t i r r i n g  a s o l u t i o n ’ o f  t h e  foamer  w i t h  a 

h i g h  speed m i x e r  (Chev ron  T e s t ) .  The vo lume o f  l i q u i d  c a r r y - o v e r  

was measured  i n  t h e  c o l u m n  t e s t .  T e s t s  w i t h  a s ta ’nda rd  t e n  f o o t  

A P I  c o l u m n  ( A P I  R P - 4 6 )  we re  compared w i t h  t h o s e  f r o m  a f i v e  f o o t  

c o l u m n  t o  d e t e r m i n e  i f  any  c o r r e l a t i o n  be tween  co lumn h e i g h t  and 

vo lume o f  foam a n d  f l u i d  c o l l e c t e d  e x i s t e d .  

’ 

, 



When 0 . 1 5 %  foamer in distilled water was tested with both 
’ the five foot and the ten foot columns, the overall results 

were about the same. The Textilana Sulfotex LAS-90 generated 
the most amount of foam i n i t i a l l y  a n d  after static a g i n g  a t  
500°F - 375 psi for 16 hours. The amount of foam collected with 
the two columns were almost identical. However, the amounts of 

1 foam collected with the other samples were less with the ten-foot 
column than with the five-foot column. Also, the difference in 
the volumes collected from the five a n d  ten foot columns was not 
the same for all the samples. For example, the volume collected 
from the ten-foot column was 20% less t h a n  from the five-foot 

u m n  with the Sulfotex R I F  sample. There was h a r d l y  a n y  ‘ 

, reduction in volume with the LAS-30  sample. After exposure 
’ to 5 O O 0 F  - 375 psi for 16 hours, h a l f  of the samples d i d  not foam 

at all on either column. In general, t h i s  test indicates t h a t  

the L A S - 9 0  sample foamed the most. Also, there does not seem to 
be a direct correlation in volume o f  foam collected versus column 
he i g h t  . 

When 0.75% foamer in 10% sodium chloride solution was‘tested, 
different results were obtained t h a n  when the samples were tested 

’ in fresh water. In saltwater, the L A S - 9 0  initially produced t h e  

lowest volume of f,oam of all eight samples. After the samples 
were.subjected to 500°F - 375 psi, the only sample to foam at all 
was the Magcobar D r i l l i n g  Soap B. Again, there d i d  not seem to 

\ 

‘ b e  a direct correlation between volume o f  foam collected a n d  
column height. 

* The next series of tests involved u s i n g  a modified version 
of the Chevron test. The test was designed to indicate foam 
q u a l i t y  a n d  stability. The procedure involves a d d i n g  100 ml of 
a 0.5% solution of t h e  foamer to a 1,000 m l  beaker followed b y  



-? 

h 

s t i r r i n g  a t  h i g h  s h e a r  f o r  some t i m e  p e r i o d .  Then t h e  maximum 

foam vo lume i s  r e a d .  A f t e r  s t i r r i n g ,  t h e  t i m e  r e q u i r e d  f o r  h a l f  

o f  t h e  o r i g i n a l  vo lume ( 5 0  m l )  t o  d r a i n  f r o m  t h e  foam i s  measured  

i n  seconds w i t h  a s t o p  w a t c h .  The s o ' l u t i o n  i s  r e s t i r r e d  and  t h e  

same measurements  a r e  made. A f t e r  t h e s e  measurements  a r e  made, 

25 m l  of a 1 %  s o d i u m  c h l o r i d e  s o l u t i o n  a r e  added t o  t h e  foamer  

s o l u t l o n  t o  a c t  a s  a c o n t a m i n a n t .  Then t h e  same foam h e i g h t s  and 

d r a i n a g e  t i m e s  a r e  d e t e r m i n e d  a g a i n .  The t e s t s  w e r e  r e p e a t e d  

a f t e r  a g i n g  t h e  samp les .  

W i t h  t h e  0 .5% foamer s o l u t i o n ,  a l l  samples  g e n e r a t e d  more  

foam a f t e r  t h e  a d d i t i o n  o f  t h e  s a l t  c o n t a m i n a n t  t h a n  t h e y  d i d  

i n i t i a l l y .  However ,  t h e  d r a i n a g e  t i m e  o n  a l l  samples  w a s  r e d u c e d  

when t h e  s a l t  s o l u t i o n  was added e x c e p t  f o r  t h e  Magcobar  samp le .  

When t h e  samp les  were  aged,  t h e  LAS-90 was t h e  o n l y  sample  t o  

foam a t  a l l .  The r e s u l t s  ' f r o m  t e s t i n g  t h e  L A S - 9 0  b e f o r e  and 

a f t e r  a d d i t i o n  o f  t h c  s a l t  c o n t a m i n a n t  showed v e r y  l i t t l e  

d i f f e r e n c e  i n  foam vo lume and i n  d r a i n a g e  t i m e .  The foam v o  ume 

and d r a i n a g e  t i m e  i n i t i a l l y  b e f o r e  s a l t  c o n t a m i n a t i o n  were  a mos t  

i d e n t i c a l  t o ,  t h e  aged samp le  r e s u l t s  b e f o r e  s a l t  c o n t a m i n a t i o n .  

A s i m i l a r  c o m p a r l s o n  h o l d s  f o r  t h e  i n i t i a l  and aged samp les  w i t h  

s a l t  c o n t a m i n a t i o n .  D o u b l i n g  t h e  foamer  c o n c e n t r a t i o n  t o  1 %  d i d  

n o t  a f f e c t  e i t h e r  foam vo lume o r  d r a i n a g e  t i m e  b o t h  b e f o r e  and 

a f t e r  s a l t  t a m i n a t i o n  t o  any  e x t e n t  a t  a l l  f o r  any  sample .  

E v e r y  t e s t  r u n  w i t h  t h e  0 . 5 %  samp le  was a l m o s t  i d e n t i c a l  t o  t h e  

1% samp le .  

I 

The e f f e c t  t h e  samples  had on  s u r f a c e  t e n s i o n  was a l s o  
I 

s t u d i e d .  . T h e  s u r f a c e  t e n s i o n  measurements  were  made o n  f r e s h  

samp les ,  u s u a l l y  r i g h t  b e f o r e  t h e  c o l u m n  t e s t s  w e r e  r u n .  All 
samples  p r e p a r e d  i n  d i s t i l l e d  w a t e r  e f f e c t i v e l y  l o w e r e d  t h e  

s u r f a c e  t e n s i o n  o f  d i s t i l l e d  w a t e r  alone by a b o u t  50%. The same 

- 



i s  true when the samples prepared in saltwater were compared to 
saltwater alone. The reductions in surface tension in the 
saltwater by the foamers were all about the same, just as in 
the fresh water ase. However, the reduction the samples made 
in surface tension o f  the saltwater alone was not as great as 

! in the fresh water case. Even so, no correlation could be made 

1 
1 

I mild steel coupons was also determined in fresh and in saltwater. 
1 Mild steel coupons were placed into solutions of the foamers 
1 
I with the same concentration as was used in the column tests. 
I The entire contents were placed into a sealed aging cell, 
: pressured to 375 psi wlth nitrogen and exposed to 5OOOF for 16 
i hours. In fresh water all the samples except the L A S - 9 0  increased 
j 
j the corrosion rate of the'coupons compared to fresh water alone. 
1 Similar results were obtained in saltwater. All the samples 
' except the LAS-90 incf-eased the corrosion of the saltwater alone. 

between surface tension and foam stability and quality. 

The effect the eight samples h a d  on the corrosion rate of 1 

: 

r 

i 
I 

the pH o f  all the samples was determined in fr.esh 
and in saltwater, before and after aging. I t  was measured 
Immediately before the surface tension and column tests. In 

fresh water, the p H  of all the samples was reduced after exposure 
to:SOO"F - 375 psi, lnltially the pH was basic, mostly between 
7 and 8, .for all samples b u t  dropped considerably after exposure 
to 500 'F .  Only the pH of the Magcobar Drilling Soap B ,  Milchem 
Amplifoam and the LAS-90 remained .relatively unchanged and 
alkaline after exposure to the temperature. Similar results were 
obta'lned in pH for the samples in saltwater. A l l  'the saltwater 
samples started out, alkaline, b u t  slightly less than the fresh 
water samples. All samples except the thre,e mentioned above 

exhlbited a d r o p  In pH after exposure to 500°F. 
I 
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or chemical additives. Numerous 
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at cor ros ion 
through the use o f  inert gases 
laboratory procedures were 
have some usefulness, yet all 

have limitations. Probably the single most descriptive test is 
. a modified Chevron test after high-temperature static aging. 
T h i s * i s  based on a comparison o f  the results obtained on the 
Chevron test and results from all column testing. The Chevron 
test was easier, simpler and faster than the column tests. This 
makes it m o r e * d e s i r able for field applications. Compatibility 
and performance of different systems could be determined i n  the 
field using a modification of the Chevron te’st. However, even 
though present procedures are useful screening tools, better 

d procedures (such as a high-temperature flow 
s) should be developed. Tests of representative 

h t  into anticipated behavior of families of 
performance which can be expected from field 
hese tests indicate that completely new 

ve to be developed in order to satisfy geothermal 

I 

I 


