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INTRODUCTION 

I n  t h e  pe t ro leum i n d u s t r y ,  w e l l  logging  is  a well-developed 
d i s c i p l i n e  t h a t  h a s  matured ove r  a f i f t y - y e a r  pe r iod ,  
t h i s ,  geothermal  w e l l  l ogg ing  i s  a v e r y  new f f e l d  of a c t i v i t y .  

Compared t o  

The c u r r e n t  p r a c t i c e  i s  t o  use t h e  same logging  equipment and t h e  
same l o g  i n t e r p r e t a t i o n  t echn iques  f o r  geothermal  w e l l s  as  had been used 
f o r  pe t ro leum w e l l s ,  However, t h i s  approach h a s  proven e i t h e r  inadequate  
o r  i n e f f e c t i v e  i n  most geothermal  areas, 
types :  
(2) t hose  connected w2th l o g  i n t e r p r e t a t i o n  t echn iques ,  Temperatures 
encountered i n  geothermal  w e l l s  are normal ly  h i g h e r  ( g r e a t e r  t han  175 'C 
o r  350'F) t h a n  t h o s e  i n  pe t ro leum w e l l s .  In many geothermal  wells, some 
of t h e  s t anda rd  w e l l  l o g s  cannot  be  run  due t o  t h e  w e l l  t empera tu res  
be ing  h i g h e r  t h a n  t h e  maximum tempera tu re  f o r  which t h o s e  logging  t o o l s  
are des igned .  Lack of f i n a n c i a l  i n c e n t l y e  h a s  so  f a r  d i scouraged  l a r g e  
inves tmen t s  by logg ing  service companies i n  deve loping  new logging  
i n s t r u m e n t a t i o n  o r  i n t e r p r e t a t i o n  t echn iques  f o r  geothermal  w e l l s ,  
Department of Energy ( former ly  U.S. ERDA) h a s  e s t a b l i s h e d  a new geothermal  
logging  hardware development program a t  t h e  Sandia  L a b o r a t o r l e s  i n  New 
Mexico. The U.S. Geo log ica l  Survey a l s o  h a s  a s i m i l a r  program of hardware 
development f o r  geothermal  logging .  These programs have progressed  w e l l  
and t h e r e  is  a s t r o n g  hope t h a t  most of t h e  hardware- re la ted  problems of 
l ogg ing  geothermal  w e l l s  w i l l  be r e s o l v e d  over  t h e  nex t  few yea r s .  
and Meidav (1977) have d i s c u s s e d  t h e  d i f f e r e n c e s  i n  t h e  o b j e c t i v e s  of 
w e l l  l ogg ing  in t h e  geothermal  r e s e r v o i r s  from t h o s e  i n  t h e  pe t ro leum 
reservoirs, and t h e i r  i m p l i c a t i o n s  on the  s t a t e -o f - the -a r t  of geothermal 
w e l l  logging .  These a u t h o r s  have a l s o  d i scussed  t h e  problems a s s o c i a t e d  
w i t h  t h e  logg ing  o p e r a t i o n ,  log q u a l l t y  problems and log i n t e r p r e t a t i o n  
problems i n  t h e  geothermal  i n d u s t r y .  
i n t e r p r e t a t i o n  a s p e c t s  on ly .  

The problems h e r e  are of two 
(1) t h o s e  a s s o c i a t e d  w i t h  logging  equipment and o p e r a t i o n ,  and 
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The e x i s t i n g  t echn iques  of i n t e r p r e t a t i o n  of w e l l  l o g s  i n  t h e  ge- 
othermal  i n d u s t r y  are inadequa te  o r  i n e f f e c t i v e  in many w e l l s ,  
of t h e  r easons  are as fo l lows :  

Some 

*Summary of t h e  paper  p re sen ted  a t  t h e  Thi rd  Annual S tanford  Geothermal 
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(1) For an  a c c u r a t e  formation e v a l u a t i o n ,  one needs a " su i t e "  
of w e l l  l ogs .  
equipment, a complete s u i t e  of l o g s  i s  no t  a v a i l a b l e  from many 
geothermal w e l l s .  

Because of t h e  tempera ture  l i m i t a t i o n  of logging 

(2) I n  many geothermal w e l l s ,  l o g s  are run  f a s t e r  than  u s u a l  t o  
avoid undue thermal  s t r a i n  on t h e  equipment. This  reduces 
t h e  q u a l i t y  of t h e  l o g ,  making i n t e r p r e t a t i o n  less accura t e .  
This  rush  sometimes causes  o p e r a t i o n a l  problems. 

(3 )  Many concepts  and formulas  used i n  w e l l  l og  i n t e r p r e t a t i o n  have 
been developed over  t h e  l as t  fou r  decades from l a b o r a t o r y  
s tudy  of rock and f l u i d  samples a t  ambient condi t ions .  
now known t h a t  many p e t r o p h y s i c a l  p r o p e r t i e s  of r e s e r v o i r  
rocks  are a l t e r e d ,  r e v e r s i b l y  o r  i r r e v e r s i b l y ,  a t  e l eva ted  
tempera tures  and p r e s s u r e s  ( f o r  example, r e f e r  t o  Sanyal,  
e t  a l . ,  1972; Sanyal,  e t  a l . ,  1 9 7 4 ) .  However, s u f f i c i e n t  
experimental  d a t a  are l ack ing .  Thus, t h e  usua l  approach t o  
geothermal w e l l  l og  i n t e r p r e t a t i o n  may be f r augh t  w i t h  inac-  
c u r a c i e s .  

It i s  

( 4 )  W e l l  logging  exper ience  i n  t h e  petroleum i n d u s t r y  has  been 
confined t o  sedimentary format ions ,  wh i l e  geothermal w e l l s  may 
encounter  any rock  type  kedimentary,  igneous,  o r  metamorphi4 
o f t e n  sub jec t ed  t o  hydrothermal  a l t e r a t i o n .  Also,  l i t h o l o g y  
i n  a geothermal r e s e r v o i r  can v a r y  d r a s t i c a l l y  from l a y e r  
t o  l a y e r  o r  from w e l l  t o  w e l l ,  t h u s  compl ica t ing  l o g  i n t e r -  
p r e t a t i o n .  The responses  of t h e  logging  t o o l s  t o  such un- 
f a m i l i a r  l i t h o l o g i e s  are n o t  w e l l  known; c a l i b r a t i o n  d a t a  f o r  
such cases are l ack ing .  Since logging  t o o l s  w e r e  o r i g i n a l l y  
designed f o r  sedimentary format ions ,  us ing  them i n  igneous 
and metamorphic rocks  tend t o  g ive  poorer  q u a l i t y  l o g s .  

( 5 )  The es t ima t ion  of t h e  l o c a t i o n ,  o r i e n t a t i o n ,  and a p e r t u r e  
of f r a c t u r e s  i s  v e r y  important  i n  planning product ion  from 
many geothermal w e l l s .  
are less common, hence t h e  technology of e s t i m a t i n g  f r a c t u r e  
l o c a t i o n ,  o r i e n t a t i o n ,  and a p e r t u r e  i s  n o t  w e l l  developed i n  
t h e  petroleum indus t ry .  Also,  u n l i k e  most petroleum r e s e r v o i r s ,  
l a r g e  scale n a t u r a l  f r a c t u r e s  o r  f a u l t s  may be the primary flow 
condu i t s  in geothermal r e s e r v o i r s .  Current  logging technology 
i s  inadequate  t o  d e l i n e a t e  such l a r g e  scale f r a c t u r e s .  

N a t u r a l l y  f r a c t u r e d  petroleum r e s e r v o i r s  

(6) Pe rmeab i l i t y  i s  a most important  p rope r ty  f o r  bo th  petroleum 
and geothermal r e s e r v o i r s .  No widely used w e l l  l o g  e x i s t s  
t h a t  can measure i n - s i t u  pe rmeab i l i t y  of a r e s e r v o i r .  I n  
t h e  petroleum i n d u s t r y ,  pe rmeab i l i t y  i s  e i t h e r  measured from 
c o r e  samples of rocks  taken  from t h e  w e l l  o r  e s t ima ted  from 
w e l l  test  d a t a .  For d e t a i l e d  formation e v a l u a t i o n ,  pe rmeab i l i t y  
i s  es t imated  from log-derived p o r o s i t y  v a l u e s  by us ing  a s u i t a -  
b le  empi r i ca l  c o r r e l a t i o n ,  which i s  developed f o r  each  petroleum 
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f i e l d  from c o r e  a n a l y s i s  d a t a .  S u f f i c i e n t  d a t a  a r e  n o t  y e t  
a v a i l a b l e  t o  develop such e m p i r i c a l  c o r r e l a t i o n s  f o r  most 
geothermal f i e l d s .  Moreover, p resence  of f r a c t u r e s  i n  a 
geothermal reservoir can d r a s t i c a l l y  i n c r e a s e  t h e  pe rmeab i l i t y  
around a w e l l  bore ,  whi le  s m a l l  c o r e  s a m p l e s  may n o t  r e f l e c t  
t h e  e x i s t e n c e  of such i n - s i t u  f r a c t u r e s .  I n  any case, c o r i n g  
of hard ,  igneous  and metamorphic format ions  is  more expensive 
than  c o r i n g  of sedimentary formations.  Hence, c o r e s  are 
u s u a l l y  no t  t aken  i n  geothermal w e l l s .  

( 7 )  Accurate  measurements of formation temperature  are no t  c r i t i c a l  
f o r  most petroleum w e l l s .  Hence, techniques  f o r  e s t ima t ing  
t h e  e q u i l i b r i u m  tempera ture  p r o f i l e  of t h e  formation from 
measured tempera ture  p r o f i l e s  are n o t  w e l l  known. 

(8) The composi t ion of t h e  formation w a t e r  i s  a c r i t i c a l  p a r a m e t e r  
in t h e  geothermal  i n d u s t r y ,  whi le  i n  t h e  petroleum i n d u s t r y  i t  
i s  u s u a l l y  no t .  Hence, t h e  techniques  f o r  p r e d i c t i o n  of forma- 
t i o n  water q u a l i t y  from w e l l  l o g s  are n o t  s o p h i s t i c a t e d .  

(9)  Perhaps t h e  most important  log-derived parameter i n  t h e  petroleum 
i n d u s t r y  i s  t h e  hydrocarbon s a t u r a t i o n  i n  t h e  r e s e r v o i r .  A major 
p a r t  of t h e  r e s e a r c h  and development i n  w e l l  l og  i n t e r p r e t a t i o n  
techniques  h a s  h i s t o r i c a l l y  been devoted t o  d e t e c t i n g  and esti-  
mating hydrocarbon s a t u r a t i o n .  I n  geothermal w e l l s  t h e r e  i s  
no hydrocarbon s a t u r a t i o n ,  hence,  many of t h e  c l a s s i c a l  develop- 
ments are n o t  u s e f u l  t o  t h e  geothermal log  a n a l y s t .  

(10) Only a l i m i t e d  number of geothermal f i e l d s  has  been developed 
t o  d a t e .  A l a r g e  enough d a t a  base ,  and consequent ly ,  u s e f u l  
empi r i ca l  c o r r e l a t i o n s  of rock and f l u i d  p r o p e r t i e s ,  do n o t  
e x i s t  i n  t h e  geothermal  indus t ry .  

(11) A geothermal r e s e r v o i r  i s  u s u a l l y  more complicated i n  geometry 
and f low behavior  t han  i t s  petroleum coun te rpa r t .  For t h i s  
reason ,  it i s  d e s i r a b l e  and o f t e n  impera t ive  to c o r r e l a t e  t h e  
w e l l  l o g  d a t a  w i t h  s u r f a c e  geophys ica l  and geochemical measure- 
ments. This  a s p e c t  has  n o t  been as important  i n  t h e  petroleum 
indus t ry .  

Besides t h e  above-mentioned problems, geothermal  w e l l  l ogs  d i s p l a y  
a myriad of l o g  q u a l i t y  problems, many of which are a l s o  found i n  t h e  
petroleum i n d u s t r y  and most can be r e c t i f i e d .  This  p r e s e n t a t i o n  inc ludes  
a number of examples of t h e s e  problems and t h e i r  s o l u t i o n s ,  where poss ib l e .  

CONCLUSIONS 

Analysis  of geothermal w e l l  l o g s  is  f r augh t  w i t h  problems. However, 

However, t h i s  is  n o t  assured .  
wi th  proper  care, exper ience  and a s y n e r g i s t i c  approach one may o b t a i n  
an e f f e c t i v e  a n a l y s i s  of geothermal l ogs .  
There i s  an urgent  need f o r  f u r t h e r  r e s e a r c h  t o  improve t h e  s t a t e -o f -  
t h e  a r t  of geothermal w e l l  l og  a n a l y s i s .  
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