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Abstract: The dynamic process of P-wave-induced local fluid flow in partially-saturated rocks is described by VE & FH 5 S 3

introducing Rayleigh's theory into poroelastic equations. The wave propagation equations in double-porosity
medium (Biot-Rayleigh Equations) are derived from Hamilton's principle of classic mechanics. This thoery benefits
from concise mathematical expressions and fewer coefficients. All relevant coefficients in expressions can be
determined by measuring rock fundamental properties, so that the Biot-Rayleigh equations are physically
realizable. Comparisons with the former theories in literature have preliminarily proved the validity of this theory.
An analysis on the sandstone reservoirs of the three districts shows: seismic-band P waves are sensitive to gas in
reservoir, but are not so efficient to quantitatively indicate gas saturation, and P-wave dispersion and attenuation
are more significant in seismic band for lower porosity sandstones; the CH,-saturated and CO,-saturated
reservoirs share the same 3rd type of AVO characteristics and can hardly be discriminated based on the
traditional pre-stack analysis; the theory successfully predicts the trends and the multi-frequency-band
experimental observed characteristics of P wave velocity variation in relation to water saturation and frequency.
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