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Abstract: Because of its geothermal, mineral, and oil and gas resources, volcanic rock reservoirs have piqued the interest of scholars
from all over the world. Shear-wave velocity is crucial for seismic AVO analysis, reservoir characterization, and fluid identification.
Shear wave velocity information is often missing in logging data due to limitations in acquisition technology and acquisition cost.Based
on the statistical petrophysical inversion method and Xu-White model, this paper proposes a S-wave velocity prediction method of

statistical rock-physics model suitable for volcanic reservoirs. This method uses the P-wave and S-wave velocity of sand and the aspect
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ratio of clay-related pores in the Xu-White model as the key petrophysical parameters affecting rock velocity. Firstly, according to the
statistical rock physical inversion method, the prior distribution of key petrophysical parameters is constructed by the conventional logging
data of reference wells and the Xu-White model. Secondly, the prior distribution is used to initialize the Xu-White model instead of the
fixed parameter value to establish the statistical rock-physics model. Thirdly, based on the Bayesian inversion theory, the actual P-wave
velocity and the simulated P-wave velocity of the target well are matched to calculate the posterior information of key petrophysical
parameters of the target well. Finally, the S-wave velocity information of the target well is inversed by using the statistical rock-physics
model and the posterior distribution of key petrophysical parameters of the target well. This method is applied to the actual logging data
of No. 5 structure in Nanpu Sag, eastern China, and the S-wave velocity prediction results are better than those of the conventional
method, which proves the effectiveness and accuracy of this method. This study will provide more accurate S-wave velocity for the
subsequent exploration and development of volcanic reservoirs.

Key words: volcanic reservoir; S-wave velocity prediction; Xu-White model; statistical rock-physics model; bayesian inversion; geophysics.
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Fig. 1 The simulated P-wave and S-wave velocities of rock with different velocities of sand in Xu-White model
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Fig. 2 The simulated P-wave and S-wave velocities with different aspect ratios of sand-related pores in Xu-White model
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Fig. 3 The simulated P-wave and S-wave velocities with different aspect ratios of clay-related pores in Xu-White model
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Fig. 4  Workflow of S-wave velocity prediction based on sta-

tistical rock-physics model
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Table 1 Modulus and density of minerals and fluids

1A FRAR & (Bulk modulus)

(GPa) P #5 (Shear modulus ) (GPa) % (Density) (g/cm®)
a
£ 95 (Quartz) 37.9 44.3 2.65
R AR (SMT) 37.5 15 2.62
Hi £ (Clay) 25 9 2.55
M (Gas) 0.336 - 0.34
7K (Water) 2.2 - 1.40
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Fig. 7 Statistical prior information of key petrophysical parameters of reference wells
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F2 AREFEBNE VAV HHFRE (MSE)fItEX R2E(r)
Table 2 Mean square error (MSE) and correlation coefficient (r)

of P-save and S-wave velocity predicted by different

methods
MSE of MSE of
7k rofV, roflV,
v, V,
Han £ 56/ 5K 0.11294 0.14314 0.80131 0.7532
H L Xu-W hite #5554 0.05499 0.07057 0.85821 0.8247

G AR 0.02241  0.03012  0.967 13 0.956 9

J5 R DRI T 4 SR B 4 R iR 25 N T A
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