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Polar representation of the energy velocity as function of the propagation angle. Frequency is 60 Hz.

The symbols correspond to the FE experiments, while solid lines indicate the analytical values. (a)

qP waves. (b) qSV waves. (c) SH waves.
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Polar representation of the dissipation factor [(1000/Q)(sinθ, cosθ)] as function of the propagation

angle. Frequency is 60 Hz. The symbols correspond to the FE experiments, while solid lines indicate

the analytical values. (a) qP waves. (b) qSV waves.

qP waves show velocity anisotropy and strong attenuation along directions

normal to the fracture layering, qSV waves have stronger velocity anisotropy

than qP waves, maximum attenuation at about 45 degrees and no loss along

the directions parallel and normal to the fracture layering. Velocity of qSV

waves has the typical cuspidal triangles (triplications), observed in fractured

media. SH waves are lossless and show velocity anisotropy.



Polar representation of the energy velocity as function of the propagation angle for full brine, full gas,

15% and 50% patchy gas-brine saturation. Frequency is 60 Hz. (a) qP waves. (b) qSV waves.
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Polar representation of the dissipation factor [(1000/Q)(sinθ, cosθ)] as function of the propagation

angle. Frequency is 60 Hz for full brine, full gas, 15% and 50% patchy gas-brine saturation. (a) qP

waves. (b) qSV waves.
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Fluid pressure for normal compression to the fracture plane at 15% and 50% patchy gas-brine

saturation. Frequency is 60 Hz. (a) 15% Gas. (b) 50% Gas.
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Conclusions

We presented a procedure to determine the five complex and frequency-

dependent stiffnesses of the TIV medium equivalent to a fractured Biot medium,

with fractures modeled as internal boundary conditions. The methodology is first

validated against a theory that holds for homogeneous layers and fluid flow normal

to the fracture layering, and then applied to the case of patchy gas-brine

saturation.

Velocity of qP waves decreases as gas saturation increases, while qP

anisotropy is enhanced by patchy saturation, and decreases as gas saturation

increases. For qSV waves, velocity decreases as gas saturation increases,

dissipation factor for qSV waves, shows maximum attenuation at 15% gas

saturation, and decreasing anisotropy as gas saturation increases. Patchy

saturation breaks the symmetry of the curves (see the cuspidal triangles).

In the fluid pressure distribution, the higher pressure values occur at the

fracture locations, while the darker regions values identify the gas patches.


