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RESISTIVITY OF BRINE SATURATED ROCK 
SAMPLES AT ELEVATED TEMPEMTURES 

Hikmet Ucok, Iraj Ershaghi, USC, 
Gary R. Olhoeft ,  U.S. Geological Survey 

and L. L .  Handy, USC 

E l e c t r i c a l  res i s t iv i t ies  of rock samples sa tu ra t ed  with N a C l  
s o l u t i o n  have been measured a t  1 KHz and under 31 MPa hydros t a t i c  
p re s su res  and a t  temperatures up t o  350°C.  
Berea sandstone, Boise sandstone, cores  from t h e  Cerro P r i e t o  
geothermal f i e l d ,  Mexico, and Hawaiian b a s a l t .  

The samples included 

The measurements were aimed a t  studying t h e  e f f e c t  o f  mineralogy 
and thermal a l t e r a t i o n  of rock on t h e  cont r ibu t ion  of sur face  elec- 
t r i ca l  conduction t o  t h e  o v e r a l l  conduct ivi ty .  The mineralogical  
composition o f  t h e  samples were determined by X-ray d i f f r a c t i o n  
ana lys i s .  

where and w i l l  no t  be repeated here. '  
s a tu ra t ed  rock samples i s  inf luenced by t h e  s a t u r a t i n g  f l u i d ,  d a t a  
from a previous s tudy2 on t h e  e l e c t r i c a l  r e s i s t i v i t y  of  b r i n e s  as a 
func t ion  o f  temperature a r e  included here .  

The d e t a i l s  o f  t h e  experimental se tup  have been repor ted  else- 
Since t h e  o v e r a l l  behavior o f  

A l l  samples ind ica t ed  a t y p i c a l  behavior as shown i n  Figure 1. 
In  general ,  t h e  r e s i s t i v i t y  of t h e  samples decrease sharp ly  between 
25OC t o  200°C.  The rate of  decrease slows down considerably beyond 
t h i s  temperature and then a s l i g h t  increase  i n  r e s i s t i v i t y  i s  
no t i ceab le  above 300OC. 

The general  behavior o f  t h e  sa tu ra t ed  rock samples shown above 
i s  very  similar t o  t h e  behavior of  t h e  s a t u r a t i n g  f l u i d  as shown i n  
Figure 2 .  
c o n t r o l l i n g  t h e  temperature dependence of  rock. 
t i d n  r e s i s t i v i t y  f ac to r ,  su r f ace  conductance, mineralogy, etc. 

In  add i t ion  t o  t h e  br ine,  however, t h e r e  a r e  o t h e r  f a c t o r s  
These inc lude  forma- 

As shown i n  Figure 3, formation r e s i s t i v i t y  f a c t o r  decreases  
with temperature up t o  15OoC-175"C and then  s t a b i l i z e s  a t  h igher  
temperature.  The r a t e  of  decrease i s  a funct ion o f  sur face  conduc- 
t i o n  of  t h e  rock sample. 
r e s i s t i v i t y  f a c t o r  is  explained by t h e  effect of  temperature on t h e  
conductance of t h e  i o n i c  double l aye r .  
tance of  constant  charge d e n s i t y  sur faces  changes only if t h e  average 
mobi l i ty  of i ons  changes with temperature.  

I / p  

The observed decrease i n  formation 

The s p e c i f i c  su r face  conduc- c 
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Experiments with Berea sandstone samples i n d i c a t e  t h a t  t h e  

r e l a t i v e  con t r ibu t ion  of  sur face  conductance t o  t h e  ove ra l l  
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conduct iv i ty  i s  dependent upon t h e  so lu t ion  concentrat ion.  
evident  from t h e  comparison of Figure 4 and Figure 5.  

This  i s  

As shown i n  Figure 6 t h e  r e l a t i v e  formation r e s i s t i v i t y  f a c t o r  
of samples with sur face  conductance vary with temperature.  
samples with a high content  of  c l ay  minerals  show a h igher  decrease 
i n  t h e  r e l a t i v e  formation r e s i s t i v i t y  f a c t o r .  
so lu t ion  concentrat ion a f f e c t s  t h i s  considerably.  For example, t h e  
Cerro P r i e t o  sample No. 5 shows a 16% decrease i n  formation resis- 
t i v i t y  f a c t o r  a t  about 150°C when t h e  pore f l u i d  concentrat ion i s  
0.5 w t % .  The change is  reduced t o  10% when t h e  pore f l u i d  concen- 
t r a t i o n  i s  3 w t % .  

The 

Increas ing  the  

For a sample of Berea sandstone i g n i t e d  up t o  550°C f o r  fou r  
hours, a p l o t  o f  s o l u t i o n  r e s i s t i v i t y  versus  sample r e s i s t i v i t y  is  
shown i n  Figure 7 .  
fa l l  on a s t r a i g h t  l i n e  and dev ia t e  from it a t  h igher  temperatures.  
As shown i n  Figure 8, t h e  formation r e s i s t i v i t y  f a c t o r  appears t o  be 
'constant and independent of  temperature up t o  175°C and then  
increases  with temperature.  
is  0.5 w t % ,  no apprec iab le  su r face  conductance i s  observed. 
explained by t h e  thermal a l t e r a t i o n  of t h e  c a t i o n  exchange capac i ty  
of  c l a y  ma te r i a l s  because of  i g n i t i o n .  This i s  i n  agreement with 
the  d a t a  presented by Kern, e t  al .  but is  i n  con t r ad ic t ion  with 
those o f  Sanyal .4  

A l l  d a t a  p o i n t s  up t o  a temperature o f  175°C 

Although the  pore f l u i d  concentrat ion 
This  is  

The observed increase  i n  formation r e s i s t i v i t y  f a c t o r  a t  
temperatures h igher  than  175°C may be a t t r i b u t e d  t o  phys ica l  changes 
i n  pore cons t ruc t ion  because of  thermal expansion. 
work publ ished by Maxwell and Venal'  and Maxwell6 some degree of  
reduct ion i n  t h e  po ros i ty  with temperature i s  expected. 
magnitude o f  such reduct ion is, however, not  enough t o  support  t h e  
hypothesis  t h a t  t h e  reduct ion  of po ros i ty  i s  f u l l y  respons ib le  f o r  
t h e  observed increase  i n  formation r e s i s t i v i t y  f a c t o r .  

Based on t h e  

The 

The o t h e r  con t r ibu t ing  f a c t o r  i s  t h e  p o r o s i t y  exponent. 
composite effect  of  both the  po ros i ty  reduct ion and an inc rease  i n  
po ros i ty  exponent is  a more reasonable  explanat ion o f  t h e  observed 
behavior o f  t h e  formation r e s i s t i v i t y  f a c t o r .  

The 

From t h e  experiment on t h e  i g n i t e d  Berea sample and another  
Berea sample unexposed t o  high temperature,  we were ab le  t o  compute 
t h e  effect o f  sur face  conduction on formation r e s i s t i v i t y  f a c t o r  and 
as a func t ion  of temperature,  Fig.  9. In genera l ,  above a tempera- 
t u r e  of 150°C, t h e  s t r u c t u r a l  change i n  t h e  rock may o f f s e t  t h e  t r u e  
e f f e c t  o f  sur face  conductlon on the  formation r e s i s t i v i t y  f a c t o r .  
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Fig. 9- Effect of Surface Conduction on 
Formation Resistivity Factor. 




