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Effect of Pore Fluid Mixtures on Seismic Surface
Wave Propagation through Sand beneath a
Sealed-Pore Thin Surface
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ABSTRACT

The present study investigates the effect of pore fluid mixtures on surface wave
propagation and attenuation along an impermeable boundary. A derived cubic polynomial
dispersion equation depicts the relationship between wave number and excitation
frequency. As the excitation frequency (1-100 Hz) is stipulated, the dispersion equation
can be numerically solved via Matlab to determine the phase speed and attenuation
coefficient of Rayleigh waves in Lincoln sand permesated by three different fluid
mixtures (air-water, air-oil and oil-water). Numerical results show the existence of three
different Rayleigh waves, which are designated as the R1, R2, and R3 waves in
descending magnitude of phase speed.

The R1 wave phase speed was found to be approximately 93-96% of the shear wave
speed within relative fluid saturation of 1 to 99%. The R1 wave attenuation coefficientsin
both air-water and air-0il systems are dependent on the difference between the two fluid
densities and the relative motion between the solid and fluid phases. However, the R1
wave attenuation coefficient in the oil-water system depends on effective dynamic
viscosity. The R2 and R3 wave phase speeds possess similar patterns to those of the P2
and P3 waves found in Lo et al. (2005). This implies the out-of-phase motion between the
solid and fluid phases influences R2 wave phase speed and capillary pressure affects R3
wave phase speed. Similar to the P2 wave, the R2 wave attenuation coefficient is
positively correlated to effective dynamic viscosity. The R3 wave attenuation coefficient
in an oil-water system is highest among the three fluid mixtures, but the difference is
trivial.

Keywords: Poroelasticity, Rayleigh surface wave, Impermeability.
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