
NOTICE CONCERNING COPYRIGHT 
RESTRICTIONS 

 
This document may contain copyrighted materials. These materials have 
been made available for use in research, teaching, and private study, but 
may not be used for any commercial purpose. Users may not otherwise 
copy, reproduce, retransmit, distribute, publish, commercially exploit or 
otherwise transfer any material. 

 
The copyright law of the United States (Title 17, United States Code) 
governs the making of photocopies or other reproductions of copyrighted 
material. 

 
Under certain conditions specified in the law, libraries and archives are 
authorized to furnish a photocopy or other reproduction. One of these 
specific conditions is that the photocopy or reproduction is not to be "used 
for any purpose other than private study, scholarship, or research." If a 
user makes a request for, or later uses, a photocopy or reproduction for 
purposes in excess of "fair use," that user may be liable for copyright 
infringement.

 
This institution reserves the right to refuse to accept a copying order if, in 
its judgment, fulfillment of the order would involve violation of copyright 
law.

 



ROCK PROPERTIES RELATED TO ASSESSMENT METHODS* 

A1 Duba 
Lawrence L i  vermore Laboratory 

I n  order t o  i n t e r p r e t  the data obtained from f i e l d  geophysics measurements as wel l  
as well- logging t o o l s  t h a t  e x i s t  o r  may be developed f o r  geothermal wells, labora- 
t o r y  data under re levant  condi t ions must be avai lable. Since the condit ions o f  
the laboratory measurement must c losely  simulate the reservo i r  environment, para- 
meters t h a t  should be considered independent var iables i n  re levant  experiments 
include, bu t  may n o t  be l i m i t e d  to, rock type, mineralogy, s t ruc tu ra l  s ta te 
(cementation, f ractur ing,  etc.) , temperature, conf in ing pressure, pore pressure, 
and pore-saturant chemistry. Correct i n te rp re ta t i on  o f  f i e l d  data should provide 
information on the heat and f l u i d  conduct iv i ty and capacity o f  the reservoir.  The 
ideal  s i t u a t i o n  would be one t h a t  provided spat ia l  reso lu t i on  o f  these propert ies 
i n  three dimensions. 

Laboratory measurement o f  physical propert ies a t  the re levant  condi t ions f o r  a 
given reservo i r  should a1 low in te rp re ta t i on  o f  rou t i ne  and special ized f i e l d  mea- 
surements. I n  order f o r  these experiments t o  be useful,  however, samples must be 
c a r e f u l l y  characterized as t o  pore structure, chemistry, and phase re la t ionships 
before and a f t e r  1 aboratory experiments are performed. Most meaningful physical 
property measurements need t o  be supported by petrographic studies, including 
op t i ca l  and scanning e lect ron microscopy, chemical character izat ion by the 
e lect ron microprobe, and d e f i n i t i o n  o f  pore structure.  

Laboratory measurements o f  physical propert ies o f  rocks under condi t ions t h a t  are 
re levant  t o  most geothermal reservoirs are e i the r  sparse o r  non-existent a t  
present. The s i t u a t i o n  f o r  e l e c t r i c a l  propert ies t y p i f i e s  the problem. A recent 
workshop on geothermal explorat ion concluded, "Most strongly endorsed was a need 
f o r  comprehensive, h igh qual i ty ,  laboratory studies o f  the e l e c t r i c a l  propert ies 
o f  rocks under temperatures, pressures, and so lut ion chemistr ies per t inent  t o  the 
geothermal environment. Unless we can move o f f  square one i n  t h i s  basic area, the 
very foundations o f  e l e c t r i c a l  methods are i n  question." (1) 
Some data do e x i s t  and are useful t o  gain " f i r s t  cut'' answers t o  questions con- 
cerning permeabil i ty, heat capacity, thermal d i f f u s i v i t y ,  and porosity. A good 
recent summary o f  the petroleum l i t e r a t u r e  on these topics, which seeks t o  apply 
them t o  the geothermal problem, i s  found i n  (2). However, very few o f  the r e s u l t s  
summarized can be appl ied d i r e c t l y  t o  a p a r t i c u l a r  geothermal system. No complete 
data se t  i n  which pressure, temperature, and pore f l u i d  composition and pressure 
are var ied i s  avai lable. One has t o  r e l y  on ext rapolat ion and analogy t o  get  an 
estimate o f  the value o f  a parameter i n  a geothermal log. And when large expendi- 
tures of t ime and d o l l a r s  depend on the proper i n te rp re ta t i on  o f  such logs, 
ext rapolat ion and analogy w i l l  no t  suf f ice.  The la rge  revers ib le  decrease i n  per- 
meabil i t y  o f  sandstone t o  water i n  the temperature range 2lo-15O0C (70°-302"F) 
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which i s  a t t r i b u t e d  t o  'I. .. unsus ected f l u i d - s o l i d  surface a t t r a c t i v e  forces 
between water and quartz... -e- emphasis mine) exempli f ies the problem (3). 
Compressional wave v e l o c i t y  ( V  ), shear wave v e l o c i t y  (V,), and compressibil- 
i t y  have been measured to about 100 MPa (15,000 p s i )  and 200°C (392OF) on sand- 
stones and s i l ts tones,  some o f  which were saturated w i t h  a KC1 b r i ne  (4). I n  
addit ion, they also determined the thermal conduct iv i ty  a t  133°C (271OF) and 3 MPa 
conf in ing pressure on some o f  these rocks. E l e c t r i c a l  conduct iv i ty  t o  200OC 
(392OF) and an e f f e c t i v e  stress o f  about 7 MPa has been measured on shaly 
sandstones as a funct ion o f  br ine composition (5 ) .  - 
However, these studies have 1 i m i  ted appl icat ion t o  geothermal wel l - log and f i e l d  
survey interpretat ions.  The paramount shortcoming i s  t h a t  the rock types studied 
have been 1 imi ted t o  petroleum reservo i r  rocks. Igneous and metamorphic rocks 
have been studied over a much more l i m i t e d  range o f  pressure-temperature-saturant 
chemistry (6-9). Another shortcoming i s  the lack o f  simultaneous measurement o f  
several physi'cal .propert ies on the same core. Cycl ing the sample i n  laboratory 
experiments produces permanent changes i n  crack structure,  so t h a t  sequential 
i n f o m a t i o n  i s  unre l iab le f o r  co r re la t i ng  changes i n  d i f f e r e n t  physical propert ies 
when stress o r  temperature i s  cycled (10). Such corre la t ions are essent ia l  i f  
information on the permeability, porosity, o r  sal i n i  ty  o f  a geothermal reservo i r  
i s  t o  be i n fe r red  from sonic and r e s i s t i v i t y  logs. 

Laboratory data on the va r ia t i on  o f  the physical propert ies o f  reservo i r  cons t i t -  
uents as a funct ion o f  pressure, temperature, and saturant s a l i n i t y  would be 
invaluable i n  the i n te rp re ta t i on  o f  f i e l d  measurements. I f  such data were 
avai lable, we would be able to i n t e r p r e t  geophysical data i n  terms o f  parameters 
the reservo i r  engineer needs t o  know -- the permeabi l i ty  and avai lab le poros i ty  o f  
the reservoir.  I n  addit ion, these data could be useful f o r  designing and 
in te rp re t i ng  monitoring t o o l s  t o  detect  changes i n  reservo i r  proper t ies during 
production. This informat ion would be v i t a l  i f  reservo i r  s t imulat ion schemes are 
evolved and employed i n  geQtherma1 systems. 

- 
L d  

. 

Speci f ic  measurements t h a t  need t o  be performed on t yp i ca l  reservo i r  rocks as a 
funct ion o f  temperature, pressure, pore pressure, s t ruc tu ra l  s ta te o f  the rock, 
and pore f l u i d  composition include b u t  should n o t  be l i m i t e d  to: 

0 u l t rasonic  v e l o c i t i e s  

0 e l e c t r i c a l  conduct iv i ty  

0 permeabi 1 i ty 

0 compressi b i  1 i ty 

0 thermal conduct iv i ty  

0 heat capacity 

0 thermal expansion 

Simultaneous measurement o f  several propert ies f o r  various durations would be 
useful. 
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