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ROCK PROPERTIES RELATED TO ASSESSMENT METHODS*
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In order to interpret the data obtained from field geophysics measurements as well
as well-logging tools that exist or may be developed for geothermal wells, labora-
tory data under relevant conditions must be-available. Since the conditions of
the laboratory measurement must closely simulate the reservoir environment, para-
meters that should be considered independent variables in relevant experiments
include, but may not be limited to, rock type, mineralogy, structural state
(cementation, fracturing, etc.), temperature, confining pressure, pore pressure,
and pore-saturant chemistry. Correct interpretation of field data should provide
information on the heat and fluid conductivity and capacity of the reservoir. The
jdeal situation would be one that provided spat1a1 resolution of these properties
in three d1mens1ons. .

' Laboratory measurement of phys1ca1 propert1es at the re]evant cond1tlons for: a

given reservoir should allow interpretation of routine and specialized field mea-
surements. In order for these experiments to be useful, however, samples must be
carefully characterized as to-pore structure, chemistry, and phase relationships
before and after laboratory experiments are performed. Most meaningful physical
property measurements need to be supported by petrographic studies, including
optical and scanning electron microscopy, chemical character1zat1on by the
e]ectron mlcroprobe and def1n1t1on of pore structure. .

Laboratory measurements of phys1ca1 propert1es of rocks under conditions that are
relevant to most geothermal reservoirs are either sparse or non-existent at
present. The situation for electrical properties typifies the problem. A recent
workshop on geothermal exploration concluded, "Most strongly endorsed was a need
for comprehensive, high quality, laboratory studies of the electrical properties
of rocks under temperatures, pressures, and solution chemistries pertinent to the °
geothermal environment. Unless we can move off square one in this basic area, the
very foundat1ons of electrical methods are in quest1on." (1)

Some data do exist and are useful to gain "first cut" answers to quest1ons con-

bkcern1ng permeability, heat capacity, thermal diffusivity, and porosity. A good
“recent summary of the petroleum literature on these topics, which seeks to apply

them to the geothermal problem, is found in (2). However, very few of the results
summarized can be applied directly to a particular geotherma] system. No complete
data set in which pressure, temperature, and pore fluid composition and pressure
are varied is available. One has to rely on extrapolation and analogy to get an
estimate of the value of a parameter in a geothermal log. And when large expendi-
turés of time and dollars depend on the proper interpretation of such logs,
extrapolation and analogy will not suffice. The large reversible decrease in per-

meability of sandstone to water in the temperature range 21°-150°C (70°-302°F)
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which is attributed to “... unsuspected fluid-solid surface attractive forces
between water and quartz..." (emphasis mine) exemplifies the problem (3).

Compressional wave velocity (V. ), shear wave velocity (V.), and compressibil-

ity have been measured to abou% 100 MPa (15,000 psi) and 200°C (392°F) on sand-

- stones and siltstones, some of which were saturated with a KC1 brine (4). In
addition, they also determined the thermal conductivity at 133°C (271°F) and 3 MPa
confining pressure on some of these rocks. Electrical conductivity to 200°C
(392°F) and an effective stress of about 7 MPa has been measured on shaly
sandstones as a function of brine composition (5).

However, these studies have limited application to geothermal well-log and field
survey interpretations. The paramount shortcoming is that the rock types studied
have been limited to petroleum reservoir rocks. Igneous and metamorphic rocks
"have been studied over a much more limited range of pressure-temperature-saturant
chemistry (6-9). Another shortcoming is the lack of simultaneous measurement of
several physical .properties on the same core. Cycling the sample in laboratory
experiments produces permanent changes in crack structure, so that sequential
information is unreliable for correlating changes in different physical properties
when stress or temperature is cycled (10). Such correlations are essential if
information on the permeability, porosity, or salinity of a geothermal reservoir
is to be inferred from sonic and re51stiv1ty logs. , ,

Laboratory data on the variation of the physical properties of reservoir constit-
uents as a function of pressure, temperature, and saturant salinity would be
invaluable in the interpretation of field measurements. If such data were
available, we would be able to interpret geophysical data in terms of parameters
the reservoir engineer needs to know -- the permeability and available porosity of
the reservoir. In addition, these data could be useful.for designing and
interpreting monitoring tools to detect changes in reservoir properties during
production. This information would be vital if reservoir stimulation schemes are
evolved and employed in geathermal systems.

Spec1f1c measurements that need to be performed on typical reservoir rocks as a
function of temperature, pressure, pore pressure, structural state of the rock,
and pore fluid composition include but should not be Timited to:

] uitrasonic velocities

) electrical conductivity

) permeability

] compressibility

] thermal conductivity

) heat capacity

(] thermal expansion

Simultaneous measurement of several properties for various durations would be
-~useful.: Do , :
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