geldsd 9@ HAu A% B4 AwA5 43
FAZ, AT (ETALATA ALATH)

Application of geophysical well logging to fracture identification
and determination of in—situ dynamic elastic constants.

Se Ho Hwang, and Sang Kyu Lee
Geophysical Exploration and Mining Division, Korea Institute of Geology,
Mining & Materials
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Abstract: Recently the application of geophysical well logging to geotechnical site
investigation is increasing, because the merit that geophysical logs provide the high
resolution and in-situ physical properties in volumes of rock surrounding the borehole.
Geophysical well logs are used to identify lithologic boundaries and fracture, to
determine the physical properties of rock(ie., density, velocity etc.), and to detect
permeable fracture zones that could be conduits for ground water movement through the
rocks. The principle of heat-pulse meter, the calibration of gamma-gamma logging, and
principles and data processing of full waveform sonic logging are briefly reviewed, and
the case studies of geophysical logs are discussed. Correlation between velocity by sonic
logging and rock mass classification such as RMR(Rock Mass Rating) value is
considered.

Keywords : geophysical well logging, fracture, in—-situ dynamic elastic constants,
rock mass classification.
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Fig. 1. Schematic illustration of volume of Fig. 2. Schematic illustration of the probe
investigation for geophysical measurement configuration for the heat pulse flowmeter.
in a borehole. From Robertson Geologging Limited(1995).
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Table 1. Summary of geophysical logs, their conventional application in sedimentary

formations, and their application in fracture interpretation(Paillet, 1994).

Conventional Fracture
Log type Measurement . . Reference
Interpretation Interpretation
Formation gamma Clay mineral Radioisotopes as Keys(1979)
Natural gamma L . o .
emission fraction infilling Aguilera(1980)
Porosity, cl.
Neutron flux orosity, clay o Nelson et al.(1983)
Neutron . fraction, water Alteration minerals .
attenuation . Paillet(1991)
saturation
Alteration mineral,
Resistivit Formation electrical| Water salinity and :ra 1onal‘t q Keys(1979)
esistivi ity an
Y resistivity lithology water qu y Katsube and Hume(1987)
permeability
Gamm. Gamma flux Densit 4 it Lithol Keys(1979)
a-gamma nsity an T 0
g attenuation enstty and porosity fhology Paillet(1991)
Compressional . . .
. . Porosity and Alteration and Paillet(1991)
Acoustic wave travel time . .
lithology fracture porosity Keys(1979)
along borehole wall
A " A " Tube-wave Paillet(1983,1991)
coustic coustic pressure
. pre Shear velocity attenuation, fracture Hornby et al.(1989)
waveform signal L
transmissivity Tang et al.(1991)
. Thermal Keys(1979)
Borehole fluid . Inflow and outflow .
Temperature conductivity of Paillet(1991)
temperature . to borehole .
formation Keys and Sullivan(1979)
Electric potential
d b, lini
Spontaneous cauée v Sa, W Water salinity and . .
. differences in . . Streaming potential Keys(1979)
potential clay mineral fraction
borehole and
interstitial fluid.
Fiuid Electrical Salinity of borehole | Infl 1 outflow Keys(1979)
i alinity of bor oW outflo
conductivity conductivity of yﬂ 4 enoie ) o . sn hol Hess and Paillet(1990)
onductivi ui ole
borehole fluid o bore Paillet(1991)
. . Drilling damage and Keys(1979)
Caliper Borehole diameter Hole enlargement
P fractures riare Paillet(1991)
Vertical flow in . Inflow and outflow Hess(1936)
Flowmeter Permeability

borehole

to borehole

Hess and Paillet(1990)
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Fig. 3. Comparison the fracture indicator of geophysical well logging and the crack
frequency of borehole imaging log(BIPS).
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Fig. 5. Dual point calibration of gamma-gamma sonde.

Photo. 1 Tertiary calibration of gamma-gamma sonde with aluminum calibration block in

KIGAM.
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Fig. 6. Examples of full waveform sonic log for the Limestone formation.
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Fig. 7. The computed microseismogram. The amplitude of each trace is scaled for
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Fig. 10. (a) Geophysical well log in Limestone formation and (b) the profile of Vp, Vs,
Vp/Vs and Poisson’s ratio calculated by velocity analysis.
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Fig. 11. Full waveform sonic log in Limestone formation.
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Fig. 12. (a) Geophysical well log in sedimentary formation and (b) the profile of Vp, Vs
Vp/Vs ration and Poisson’s ratio calculated by velocity analysis.
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Fig. 14. Geophysical well log in KIGAM borehole.
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Fig. 15. In-situ velocity, density, Poisson’s ratio, and Shear & Young’'s modulus by
geophysical well logging.
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