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INTRODUCTION

In the petroleum industry, well logging is a well-developed
discipline that has matured over a fifty-year period, Compared to
this, geothermal well logging is a very new fileld of activity.

The current practice is to use the same logging equipment and the
same log interpretation techniques for geothermal wells as had been used
for petroleum wells, However, this approach has proven either inadequate
or ineffective in most geothermal areas. The problems here are of two
types: (1) those associated with logging equipment and operation, and
(2) those connected with log interpretation techniques, Temperatures
encountered in geothermal wells are normally higher (greater than 175°C
or 350°F) than those in petroleum wells, In many geothermal wells, some
of the standard well logs cannot be run due to the well temperatures
being higher than the maximum temperature for which those logging tools
are designed. Lack of financial incentive has so far discouraged large
investments by logging service companies in developing new logging
instrumentation or interpretation techniques for geothermal wells, U.S,
Department of Energy (formerly U,S. ERDA) has established a new geothermal
logging hardware development pregram at the Sandia Laboratories in New
Mexico. The U,S. Geological Survey also has a similar program of hardware
development for geothermal logging. These programs have progressed well
and there is a strong hope that most of the hardware-related problems of
logging geothermal wells will be resolved over the next few years. Sanyal
and Meidav (1977) have discussed the differences in the objectives of
well logging in the geothermal reservoirs from those in the petroleum
reservoirs, and their implications on the state~of-the-art of geothermal
well logging. These authors have also discussed the problems associated
with the logging operation, log quality problems and log interpretation
problems in the geothermal industry. This paper focuses on the log
interpretation aspects only,

PROBLEMS IN ANALYSIS OF GEOTHERMAL LOGS

The existing techniques of interpretation of well logs in the ge-
othermal industry are inadequate or ineffective in many wells., Some
of the reasons are as follows:

*Summary of the paper presented at the Third Annual Stanford Geothermal
Program Workshop on Geothermal Reservoir Engineering, Dec. 14-16, 1977.

-81-

1




1)

(2)

(3)

(4)

(5)

(6)

For an accurate formation evaluation, one needs a '"'suite"

of well logs. Because of the temperature limitation of logging
equipment, a complete suite of logs is not available from many
geothermal wells.

In many geothermal wells, logs are run faster than usual to
avoid undue thermal strain on the equipment. This reduces
the quality of the log, making interpretation less accurate.
This rush sometimes causes operational problems.

Many concepts and formulas used in well log interpretation have
been developed over the last four decades from laboratory

study of rock and fluid samples at ambient conditions. It is
now known that many petrophysical properties of reservoir

rocks are altered, reversibly or irreversibly, at elevated
temperatures and pressures (for example, refer to Sanyal,

et al., 1972; Sanyal, et al., 1974). However, sufficient
experimental data are lacking. Thus, the usual approach to
geothermal well log interpretation may be fraught with inac-
curacies.

Well logging experience in the petroleum industry has been
confined to sedimentary formations, while geothermal wells may
encounter any rock type Gedimentary, igneous, or metamorphid
often subjected to hydrothermal alteration. Also, lithology
in a geothermal reservoir can vary drastically from layer

to layer or from well to well, thus complicating log inter-
pretation. The responses of the logging tools to such un-
familiar lithologies are not well known; calibration data for
such cases are lacking. Since logging tools were originally
designed for sedimentary formations, using them in igneous
and metamorphic rocks tend to give poorer quality logs.

The estimation of the location, orientation, and aperture

of fractures is very important in planning production from

many geothermal wells. Naturally fractured petroleum reservoirs
are less common, hence the technology of estimating fracture
location, orientation, and aperture is not well developed in

the petroleum industry. Also, unlike most petroleum reservoirs,
large scale natural fractures or faults may be the primary flow
conduits in geothermal reservoirs. Current logging technology
is inadequate to delineate such large scale fractures.

Permeability is a most important property for both petroleum

and geothermal reservoirs. No widely used well log exists

that can measure in-situ permeability of a reservoir. 1In

the petroleum industry, permeability is either measured from
core samples of rocks taken from the well or estimated from
well test data. For detailed formation evaluation, permeability
is estimated from log-derived porosity values by using a suita-
ble empirical correlation, which is developed for each petroleum
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field from core analysis data. Sufficient data are not yet
available to develop such empirical correlations for most
geothermal fields. Moreover, presence of fractures in a
geothermal reservoir can drastically increase the permeability
around a well bore, while small core samples may not reflect
the existence of such in-situ fractures. In any case, coring
of hard, igneous and metamorphic formations is more expensive
than coring of sedimentary formations. Hence, cores are
usually not taken in geothermal wells.

(7) Accurate measurements of formation temperature are not critical
for most petroleum wells. Hence, techniques for estimating
the equilibrium temperature profile of the formation from
measured temperature profiles are not well known.

(8) The composition of the formation water is a critical parameter
in the geothermal industry, while in the petroleum industry it
is usually not. Hence, the techniques for prediction of forma-
tion water quality from well logs are not sophisticated.

(9) Perhaps the most important log-derived parameter in the petroleum
industry is the hydrocarbon saturation in the reservoir. A major
part of the research and development in well log interpretation
techniques has historically been devoted to detecting and esti-
mating hydrocarbon saturation. In geothermal wells there is
no hydrocarbon saturation, hence, many of the classical develop-
ments are not useful to the geothermal log analyst.

(10) Only a limited number of geothermal fields has been developed
to date. A large enough data base, and consequently, useful
empirical correlations of rock and fluid properties, do not
exist in the geothermal industry.

(11) A geothermal reservoir is usually more complicated in geometry

and flow behavior than its petroleum counterpart. For this
reason, it is desirable and often imperative to correlate the

well log data with surface geophysical and geochemical measure-
ments. This aspect has not been as important in the petroleum
industry.

Besides the above-mentioned problems, geothermal well logs display
a myriad of log quality problems, many of which are also found in the
petroleum industry and most can be rectified. This presentation includes
a number of examples of these problems and their solutions, where possible.

CONCLUSIONS

Analysis of geothermal well logs is fraught with problems. However,
with proper care, experience and a synergistic approach one may obtain
an effective analysis of geothermal logs. However, this is not assured.
There is an urgent need for further research to improve the state-of-
the art of geothermal well log analysis.
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