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LOG I N T E R P R E T A T I O N  TECHi i IQUES TO IDENTIFY PRODUCTION ZONES 

I N  GEOTHERMAL WELLS 

I c o m p l e t i o n s  a re  r o u t i n e .  The d e f i n i t i o n  o f  t h e  a c t u a l  p r o d u c t i o n  zone o r  

zones i s  g e n e r a l l y  n o t  known v e r y  we1 1, i f  a t  a1 1. 

Mark MatheiJs 

Geosci ences U i  v i  s i  on 

L o s  Alamos S c i e n t i f i c  L a b o r a t o r y  

Los Alainos, New Mexico 87545 

A b s t r a c t  
I d e n t i f i c a t i o n  o f  p r o d u c t i o n  zones i n  a f r a c t u r e d  o r  f a u l t e d  qeotherrnal 

w e l l  i s  q u a n t i t a t i v e l y  d i f f i c u l t .  Temperature and s p i n n e r  surveys  a l o n g  
w i t h  f l o w  t e n s  a r e  t h e  techn iques  g e n e r a l l y  used t o  i d e n t i f y  and d e s c r i b e  
these  f r a c t u r e d  zones d u r i n g  p r o d u c t i o n  t e s t i n g .  These t e c h n i q u e s  gener -  
a l l y  do n o t  d e s c r i b e  t h e  p r o d u c t i o n  zones i n  any d e t a i l  and t h e y  m iss  o r  
bypass p o t e n t i a l  zones o f  p r o d u c t i o n  when f r a c t u r e s  have been c l o s e d  o r  
p lugged d u r i n g  t h e  d r i l l i n g  process. These l a t t e r  zones c o u l d  p o s s i b l y  be 
s t i m u l a t e d  ( h y d r a u l i c  f r a c t u r i n g ,  a c i d i z i n g ,  \ e x p l o s i v e  f r a c t u r i n g )  and 
b r o u g h t  i n t o  p r o d u c t i o n  i f  a l l  t h e  f r a c t u r e  zones c o u l d  be i d e n t i f i e d  and 
d e s c r i b e d .  I n t e r p r e t a t i o n  techn iques  u s i n g  w i r e l i n e  l o g s  show p r o n i s c  i n  
i d e n t i f y i n g  and d e s c r i b i n g  f r a c t u r e d  (open and c l o s e d )  zones i n  geothermal 
w e l l s .  The s t r a t e g y  d e s c r i b e d  i n  t h i s  paper on two d i f f e r e n t  geothermal 
w e l l s  ( t h e  h o t  d r y  r o c k  w e l l  and t h e  S u r p r i s e  V a l l e y  w e l l )  used a t r i a l  and 
e r r o r  b a s i s  t o  o u t l i n e  and d e f i n e  t h e  i n t e r p r e t a t i o n  t e c h n i q u e s  t h a t  Nork 
b e s t  i n  each case. F r a c t u r e  zones a re  i d e n t i f i e d  t h a t  a r e  b o t h  open and 
c l o s e d  and t h i s  t y p e  o f  i n f o r m a t i o n  g i v e s  a b e t t e r  e s t i m a t i o n  o f  r e s e r v o i r  
s i z e ,  f l ow  c o n t r o l  and r e s e r v o i r  l i f e  ( p r o d u c t i o n  p o t e n t i a l )  f r o m  geo the r -  
ma l  N e l l s .  

I n t r o d u c t i o n  

I s o l a t i o n  o f  p o t e n t i a l  p r o d u c t i o n ,  zones by  p e r f o r a t i n g  a Cemented 

c a s i n g  i s  a common and r o u t i n e  p r a c t i c e  i n '  r e s e r v o i r  e n g i n e e r i n g  f o r  o i l  

and gas p r o d u c t i o n .  Open h o l  e and s l  o t t e d .  c a s i  ng c o m p l e t i o n  techn iques  a re  

used o c c a s i o n a l l y  i n  competent f o r m a t i o n s ,  b u t  l a c k  t h e  c o n t r o l  and d e f i n i -  

t i o n  o f  t h e  p r o d u c t i o n  zones. I n  geothermal w e l l  c o m p l e t i o n s  and usua l  

geothermal r e s e r v o i r  eng i  n e e r i  ng p r a c t i c e  , open h o l  e and s l  o t t e d  c a s i  ng 
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I s o l a t i o n  of potential geothermal production zones in fractured igneous 

rock i s  d i f f i cu l t .  Detection of fractures with a single re l iable  logging 

o r  interpretation technique has n o t  yet been developed. I n  an a r t i c l e ,  

"Current Status on the Study of Na tu ra l  ly Fractured Reservoirs ,'I the 

authors, K. Aguilers and H .  H .  Poolen, l i s t  eight different techniques for 

resolving the fracture identification problems i n  o i l  and gas reservoirs. 

These eight techniques of fracture identification are supported by 214 

references, a n d  32 of these references are related t o  log-analysis tecn- 

niques. The interpretation techniques t h a t  are useful for a specific 

hydrocarbon well and f ie ld  are found on a t r i a l  and error  basis. This i s  

also the strategy t h a t  has beefi used i n  geothermal wells and f ie lds .  

Fracture Zone Identification 

I n  the Geothermal del 1 Log Interpretation State-of-the-Art Report 

(LA-8Lll-iMS) 11 logs o r  log interpretation techniques are discussed t h a t  

m i g h t  be used for the location of fractures.  Tnese logs o r  log interpre- 

tation techniques are: 

(1 ) 
( 2 )  Temperature surveys 
( 3 )  Acoustic logs ( fu l l  wave sonic, amplitude waves, cycle skipping, 

( 4 )  
( 5 )  Borehole televiewer 
( 6 )  
( 7 )  Resistivity logs 
(8)  
( 9 )  Multiarm microresist ivity logs (dipmeter) 
(10 )  Spectral gamma l o g  (potassium, u ran iu ,n ,  thorium content) 
(11) Rock strength (bulk modulus computed from sonic and density logs) .  
A n  example of the use of some of these techniques for evaluation of 

Borehol e geometry (cal i per 1 ogs) 

etc.  
Porosity comparisons (sonic vs neutron vs density) 

Spontaneous potenti a1 - SP (streaming potenti a1 ) 

Compensated density log  (correction curve) 

fractures i n  a hot dry well a t  Fenton Hil l ,  New Mexico will be presented. 

Five techniques were used t o  define and quantify the variable termed 

"Frac." The techniques used were: 
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( I )  Resistivity 
( 2 )  Caliper (hole washout) 
( 3 )  Correction curve for density l o g  when borehole i s  i n  gauge 

(excessive correction) 
( 4 )  Comparisons of porosity (sonic vs density vs neutron) 
( 5 )  Rock strength (inechan cal properties using sonic and density 

1 ogs) . 
A l i s t  of each technique t h a t  indicated a fracture a t  a given depth was 

added a value of 1 t o  Frac. With a range o f  0 t o  5 ,  the larger the value 

of Frac, the possibi l i ty  of the existence of fractures increases. This 

resul t  of the application of t h i s  method i s  displayed in Figure 1. 

The description of the rock i n  the interval from 19ds-2327 i n  (62SL)-6650 

f t )  i s  given by P e t t i t t ,  1975,  and Kintzinger and others,  1977, as pre- 

dominantly l i g h t  p i n k  granite. The zones from Figure 1 t h a t  have values of 

5 for Frac are a t  depths of 2006.1 m (6580 f t ) ,  2d22 m (6632 f t ) .  These 

zones are fractured as described by Kintzinger ( 1 9 7 7 ) .  de note t h a t  no 

estimates of permeability were made, b u t  i t  i s  estimated t h a t  values vJere 

very low. 

Another example of fracture detection i s  presented i n  the case history 

report on Surprise Valley, California for ttle Phipps No. 2 geothermal well 

T h i  s we1 1 was d r i  I led t h r o u g h  a complex igneous 1 ithol ogy sequence con- 

s i  s t i  ng of basalt , brecci a ,  aggl omerate, vol cani  c ash, and welded t u f f  * 

Tne detailed description of the l i thologic column was accomplished t h r o u g h  

the use of well cuttings and various wireline logs. The potential open 

and closed fractures were identified by l o g  interpretation techniques. 

These are: 

(1) Spontaneous potential ( S P )  combined with the r e s i s t i v i ty  logs 
( 2 )  Uensi ty response 
( 3 )  Neutron response. 
The SP deflections on the order of 10 t o  15 mil l ivol ts  indicated an  

open fracture in t h i s  well. Also the difference in the neutron porosity 

(o,,,) and the calculated density porosity [o,, = ( p m  - p ) / ( p r n  - l ) ] ,  where pm 
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D i f f e r e n c e  i n  p o r o s i t y  v a l u e  f r o m  t h e  n e u t r o n  log a n d  p o r o s i t y  c a l c u l a t e d  
f r o m  t h e  d e n s i t y  log .  Washed o u t  i n t e r v a l s  a r e  se t  to -1 to r e n d e r  t h e m  
e a s i l y  i d e n t i f i a b l e .  T h e  p o s i t i o n  of Sp d e f l e c t i o n  is shown by b a r s  a l o n g  
t h e  b o t t o m  of t h e  p l o t .  One b a r  c o r r e s p o n d s  to a d e f l e c t i o n  greater t h a n  
5 m V ;  t w o  b a r s ,  g r e a t e r  t h a n  10 mV; a n d  t h r e e ,  g r e a t e r  t h a n  15 m V .  B e l o w  
1 2 0 0 m e t e r s l o c a t i o n  of t h e  SP d e f l e c t i o n s  d e p e n d s  o n  c o r r e l a t i o n  of t h e  
e lec t r ic  l o g s  f rom t h e  o r i g i n a l  h o l e  a n d  t h e  r e d r i l l  a n d  Is somewhat  less 
p r e c i s e .  

F i g u r e  2. F r a c t u r e  D e t e c t i o n  Techniques f o r  Wel l  Phipps No. 2 .  
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i s  the m a t r i x  density and  P i s  the density log value, indicated open and 

closed f rac tures .  The washed out interval s were deterini ned from the 

ca l iper  log and are s e t  t o  -1 t o  render them eas i ly  i d e n t i f i a b l e .  Where 

the porosity difference becomes negative (see Figure 2 )  and corresponds t o  

a SP def lec t ion ,  these indicat ions denote zones of open fractur ing.  These 

zones s h o u l d  be isolated and tes ted for  no t  water production. Note t h a t  no 

estimates of permeability of the zones can be made from the log d a t a .  

Concl u s i  ons  

Production zones of geothermal we1 1 s t h a t  are re1 ated t o  f rac tures  can 

be ident i f ied  by the use of d r i l l  cu t t ings  and wireline logs. Each geo- 

thermal f i e l d  or area has local conditions t h a t  suggest the various in te r -  

pret.ation techniques for detecting and evaluating f r a c t u r e  systems. No 

s i n g 1  e re1 i able in te rpre ta t ion  technique for  detecting and evaluating frac-  

tu re  systems h a s  been developed. A t r i a l  and e r r o r  approach with various 

logging and in te rpre ta t ion  techniques t o  locate and evaluate f rac tures  has 

been shown i n  two d i f f e r e n t  geotherinal f i e l d s  i n  t h i s  paper. Production 

t e s t i n g  of the zones indicated as f rac tures  will verify these r e s u l t s .  I f  

the r e s u l t s  are pos i t ive ,  t h i s  type of information will y ie ld  b e t t e r  reser-  

v o i r  s ize  d e f i n i t i o n ,  flow control ,  and estimation of production from geo- 

thermal we1 1 s.  

References 

Aguilera, R. and Van Poolen, H. H . ,  "Current Status  on the Study of 
Natural ly Fractured Reservoirs," The Log Analyst , 1977 ,  Vol. X V I I I ,  No. 
3 ,  pp. 3-23 .  

Kintzinger, P. R., West, F. G . ,  and Aarnodt, R. L . ,  "Downhole Electr ical  
Detec t ion  of Hydraul ic  F r a c t u r e s  i n  G T - 2  a n d  E E - 1 , "  Los Alamos 
S c i e n t i f i c  Laboratory report  LA-6890-MS, July 1977.  



I -309- 

P e t t i t t ,  R.  A., " P l a n n i n g ,  D r i l l i n g ,  and Logging o f  Geothermal Test Well 
GT-2, Phase I ,  Los Alamos S c i e n t i f i c  L a b o r a t o r y  Repor t  LA-Sdlg-PR, June 
1975. 

P e t t i t t ,  R .  A , ,  " P l a n n i n g ,  D r i l l i n g ,  and Logging o f  Geothermal Test d e l l  
GT-2, Phase  I I ,  Los A1 amos S c i e n t i  f i c  Labora to ry  Repor t  LA-5897-PR, 
March 1975. 

P e t t i t t ,  R .  A . ,  " P l a n n i n g ,  D r i l l i n g ,  and Logging o f  Geothermal Test d e l l  
GT-2, Phase 111 ,  Los Alamos S c i e n t i f i c  Labora to ry  Repor t  LA-5065-PR, 
June 1975. 

Rigby,  F. A. and Zobal , G. P . ,  "Case H i s t o r y  Report on Geothermal Well Log 
I n t e r p r e t a t i o n  - S u r p r i s e  V a l l e y ,  C a l i f o r n i a , "  Los Alamos S c i e n t i f i c  
L a b o r a t o r y  Repor t  LA-8598-MS, Nov. 1983. 

S a n y a l ,  S. K . ,  We l l s ,  L. E . ,  and Bickham, R .  E . ,  "Geothermal Well Log 
I n t e r p r e t a t i o n  - S t a t e - o f - t h e - A r t  ,I' Los  A1 ainos S c i e n t i f i c  L a b o r a t o r y  
Repor t  LA-8211-MS, J a n .  1980. 




