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Numerical simulation of acoustic logging in fractured formation
based on linear-slip model

OU Weiming, WANG Zhuwen, NING Qingin, XU Fanghui, YU Yang

(College of Geoexploration Science and Technology, Jilin University, Changchun 130026, China)

Abstract: To study the effects of horizontal fractures on acoustic logging waveforms, the full-wave acoustic logging responses in
fractured formations are simulated based on a linear-slip model. Models of single and multiple fractures passing through bore-
hole in a cylindrical coordinate system are computed. A finite-difference time domain method is used to simulate the propaga-
tion of acoustic logging waves. The waveform variations of transmitted and reflected waves with respect to source distance, aper-
ture size ,extended fracture distance and the number of fractures are analyzed. The effects of fractures described by the linear-
slip model on the P-wave, S-wave and Stoneley wave waveforms are studied. The results show that the effects of linear-slip frac-
tures on acoustic logging waveforms are as follows: the effect of fracturing on the P-wave is very small, and only the amplitude
of transmitted P-wave near the fracture will change; fractures not only have strong attenuation and reflection effects on the S-
waves, but also change the phase of shear waves;the greater the distance from fracture, the greater the attenuation of shear
waves; when the extended distance of fracture is very small, the amplitude and phase of transmitted shear wave will depend on
the variations in the extended distance; linear-slip fractures also have strong attenuation and reflection effects on the Stoneley
waves, however, the transmitted Stoneley waves are not sensitive to the fracture aperture, but to the number of fractures.
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Fig.1 Anisotropic grids instead of a horizontal fracture in finite-difference model
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Fig.2 Borehole model inserted by infinite horizontal fractures
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Fig.3 Position of medium parameters and stress

and velocity components in staggered grids
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Fig.4 Acoustic wave field snapshots at 1, 1.5 and 2 ms respectively
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Fig.5 Waveforms of borehole acoustic waves

propagating in a single horizontal fracture model
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Fig. 6 Transmitted waveforms with different source distances
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Fig.7 Waveforms of transmitted compressional head wave with different source distances
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Fig. 11 Waveforms of transmitted shear head waves

with different extended distances of fractures
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