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Abstract: In the exploration and development of hydrocarbon reservoirs, a common observation is the universal
presence of cracks and pores in formation rocks. With the recent development of elastic wave theory for the
cracked porous rock, it is now possible to utilize the theory as a foundation for measuring elastic properties of
such rocks using acoustic logging. We have implemented the theory to calculate the multipole acoustic
propagation in the fluid-filled borehole. The acoustic wave characteristics are studied for two controlling
parameters of the cracked rock, namely crack density and crack aspect ratio. The calculated full waveforms show
that cracks significantly reduce the velocity and amplitude of compressional and shear waves. With the increase
of crack density, the dispersion of compressional and shear waves, which is insignificant for a poroelastic
formation, can even be observed in the logging frequency range. The borehole guided waves, i.e., the monopole
Stoneley wave, pseudo-Rayleigh wave, and the dipole flexural wave are analyzed in connection with the crack
parameters. The results show that both the velocity dispersion and wave amplitude excitation characteristics of
these guided modes are significantly affected by the presence of cracks. The cracks also induce significant
attenuation of the waves along the borehole. The effects become pronounced with the increase of cracks
density. In comparison, the crack aspect ratio parameter controls mainly the frequency band where these effects
occur. The analysis results can be used to provide a guideline for acoustic logging in cracked/fractured
formations.
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