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Table 1 Porosities, permeabilities, elastic moduli and densities for
model 1

a1 w2

FLBRE (%) 27 30
131 % (mD) 100 400
TA AR B L (GPa) 11.7 10.9
T2 By VI B (GPa) 1.73 1.83
HE AR AR i (GPa) 34.5 36.6
(g em ™) 2.67 2.645

Fz2 K. SHEREEMEESH
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Figure 1 Fluid saturation versus capillary pressure for model 1. (a) Single lithology; (b) mixed medium (the proportion of lithology 2 is 50%).
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Figure 3 Velocity versus global water saturation for every lithology of model 1 (the proportion of lithology 2 is 50%). (a) V, versus global water
saturation; (b) V; versus global water saturation.
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Figure 4 P-wave velocity versus global water saturation for every lithology of model 1, the proportion of lithology 2 is (a) 25%; (b) 50%; (c) 75%;
(d) 90%. Patchy(TP) represents three phase patchy saturation, Homo(TP) represents three phase homogeneous saturation, Patchy(DP) represents
double phase patchy saturation, Homo(DP) represents double phase homogeneous saturation.
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Figure 5 Shear wave velocity versus global water saturation for model 1, the proportion of lithology 2 is (a) 25%; (b) 50%; (c) 75%; (d) 90%.
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Table 3 Porosities, permeabilities, elastic moduli and densities for model 2

EaREap! #2 #2 A4
FLBREE (%) 27 28 32 34
B35 % (mD) 20 70 200 500
T A AR B i (GPa) 12 11.5 11 9.2
T 8 Ui (GPa) 1.7 1.72 1.7 2.2
e AR R (GPa) 34.5 35.0 353 36.6
W (g cm™) 2.643 2.67 2.645 2.65

1.0
— Lithology 1

o8t *vv A Lithology 2
— - Lithology 3
—- — Lithology 4

0.6 9y

o @
0.4
0.2
oL@ ) , ) ) )
0 50 100 150 200 0 50 100 150 200
P, (KPa) P, (KPa)

Ele #RE2MMESEEENNERRR
(@) . m1Es (b) AN
Figure 6 Fluid saturation versus capillary pressure for model 2. (a) Single lithology; (b) mixed medium.
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Acoustics simulation and analysis of three phase fluid
patchy saturations porous rock

HOU Bo'*', CHEN XiaoHong'* & LI JingYe'?
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2 CNPC Key Lab of Geophysical Exploration, China University of Petroleum (Beijing),Beijing 102249, China

Fluid saturation distribution is patchy due to variation of lithology, porosity and permeability of porous rock.
Traditional porous medium theory based on homogeneous saturation does not apply to acoustical signatures
calculation of patchy saturation porous medium. Employing three phase fluid Brooks-Corey model, Gassmann theory
and bound theory, acoustical signatures calculation method of mesoscopic-scale inhomogeneous porous rock with
three phase fluid patchy saturation is proposed, in order to research the effect of fluid saturation distribution on
acoustical signatures of rock. Under conditions of capillary equilibrium, the quantitative relationship between porous
medium acoustical signatures and global water saturation is established, then rules of compressional wave velocity
(Vp) and shear wave velocity (Vi) of different fluid saturated rock vary with different global water saturation are
revealed. Numerical results demonstrate that V, of porous rock with three phase fluid patchy saturations more
continuous variation across the entire global water saturation range. It will be more suitable for quantitative
interpretation of hydrocarbon saturations than the case of three phase fluid homogeneous saturations. V; of porous
rock doesn’t depend on saturations distribution. However, the relationship between V; and global water saturation in
three phase fluid saturations porous rock is more complex than that in two phase fluid saturations porous rock.

patchy saturation, compressional wave velocity, shear wave velocity, capillary pressure, porosity, permea-
bility, mesoscopic scale
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