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Velocity dispersion and attenuation of P waves in partially-saturated rocks:

Wave propagation equations in double-porosity medium
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Abstract The dynamic process of P-wave-induced local fluid flow in partially-saturated rocks is
described by 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
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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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Fig. 1 Schematic diagram of double-porosity structure
in a full water-saturated heterogeneous sandstone

(1 type of fluid and 2 types of solid skeletons)

3 ARG

A R I RUEE LB A AR 3 o) i R AR A A s A
PR A KA 2 53 o A AR 2 A LR BB &
1 o 5 D) 00 235 3R 14 A 5 2 52 B .

1B 3% — = P h 4 70 A6 20T 105 A2 1% S8 AL Y o B e

I

hy At SOK AR AN A A1 M R A% 4% 5
B 75 25 18— M s O 2 R LR A B A
A1 B0 CILIET 2) R — R AL R i AR 8 55— 2K
FLA R T SR 1A PR 5 9 5 R 2 [8) Y [ 4A B 2e
e — B WHE Z E A £ Rk B T ALE A A A
H8 B FL B K 55 LB U7 8 BE S A B i T
T FY) 22 57t 5 T DAL 25 1 R LR SOK AR MR AU S A0
U A 75— U fL B A TRRE 2 o A P o 5 —
P —RIRAL TR AL A SR 4 1R 45
TEUE » e DL B A% 4 7 R AT T T (L) A o » {EAH

B2 AR AR b OB AL PR S H R A
(PIFp AR, — 285 42

Fig. 2 Schematic diagram of double-porosity structure
in a partially-saturated sandstone

(2 types of fluid and 1 type of solid skeleton)
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Fig. 3 Predicted P-wave velocities and attenuation by Biot-Rayleigh theory, Johnson theory and White theory

(a) Comparison of predicted P-wave velocities by the 3 theories; (b) Comparison of predicted P-wave attenuation by the 3 theories.
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Fig. 5 Comparison of the predicted results in CO,-H,O saturated sandstone and CH,-H, O saturated sandstone
(a) The variations of P-wave velocity as a function of water saturation in a sandstone (porosity 0. 15);(b) The variations
of P- and S-wave velocity ratio as a function of water saturation in a sandstone (porosity 0. 15).
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Fig. 7 Comparison of the theoretical predictions and
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dispersion in a partially-saturated sandstone
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Fig. 8 Schematic diagram of the two oscillation mode of

local fluid flow in double-porosity structure

(a) The oscillation mode of local fluid flow for compressive
waves in a spherical inclusion in double-porosity structure; (b)
The oscillation mode of local fluid flow for shear waves in a

spherical inclusion in double-porosity structure.
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