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Abstract Due to the velocity dispersion error, the laboratory ultrasonic velocity measurement of core samples
cannot be directly used to calibrate the acoustic well logging velocity of reservoir in Southwest Weizhou
depression. The further work of data processing and analysis for the ultrasonic velocity dispersion were conducted
for 5 representative sandstone samples of W3 reservoir. By comparing the compressive velocities of sandstone
samples saturated with the brine and four oils of different densities, the method and process of velocity dispersion
mechanism analysis were greatly improved. The assumption was proposed and verified that the modulus of
non-relaxation wet solid frame was equivalent with the one of dry frame under high pressure condition when the
sandstone samples were ruled by squirt flow mechanism. The estimation method of R value, which was the critical
squirt length of BISQ theory, was also proposed and verified. Then, the method to quantitatively predict the P-wave
velocity dispersion of W3 reservoir sandstones in full waveband was accomplished. Finally it is concluded that the
mechanism and degree of velocity dispersion depend on both the physical properties (porosity and permeability) of
samples and the kinematic viscosity of pore fluids. Using the velocity dispersion prediction formula for full
waveband, the ultrasonic velocity measured in laboratory (high frequency band) can be corrected to different
frequency, and then meet the demands of rock physics analysis for well logging (medium frequency band) and
exploration seismology (low frequency band). Thus, the complete technique for velocity dispersion analysis and
prediction has certain practical meaning.

Key words reservoir sandstone; fluid viscosity; ultrasonic; velocity dispersion; quantitative prediction
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Table 1 Basic information of sandstone samples
Y%
RS H= WHE/m  JE2%/MPa fLBE/%  BE%/md
A KA it Jrfifa Hz=f
W3-1 WZ6-9-1 2508.60 31.1 18.45 44.620 ~85 =10 <5 <0.1 0
W3-7 WZ12-1-2B 2347.17 28.7 16.46 3.872 ~87 =5 <5 =1.5 =1.5
W3-10 WZ12-1-4 2478.35 30.7 13.55 2.495 ~80 =15 =1 <4 0
W3-11 WZ12-1-4 2658.33 335 17.87 63.552 ~85 =10 <5 <0.1 0
W3-13 WZ11-4N-2 1868.60 21.6 23.73 424.20 =75 =10 <15 <0.1 0
Feahs pd(g - cm™) KJ/GPa GJ/GPa Par/(g - cm) Voan/m s Vign/(m-s") y Rifd/mm R/mm
W3-1 2.6445 38.0036 38.1724 2.10 3980.0 2537.0 0.0057 0.13~0.25 0.300
W3-7 2.6497 37.6080 39.1073 2.13 3699.0 2362.5 0.0055 0.07~0.20 0.090
W3-10 2.6487 41.3590 39.7104 2.24 3875.0 2563.5 0.0037 0.10~0.25 0.090
W3-11 2.6445 38.0036 38.1724 2.05 3833.0 2503.0 0.0057 0.25~0.50 0.300
W3-13 2.6375 35.8677 31.5108 1.86 3388.0 2177.5 0.0116 0.25~1.00 0.355

BB BT H SCRR[20]; FE M W3-7 7555 — UL Sl I i v 52 250100 HH BE R84 T 22 SR i LB b )2 TR D 0 AL IR TR 5 pary TR T
FEERETE, Vi.ary F Ve ary 23500278 WA B TF S BRI, p R T RO R GE BT L, R DAl T A5 A B O I JE
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Table 4 Experimental fluid’s parameters under atmospheric pressure””

LB A
T/°C prl(g - cm™) K;/GPa n/(mPa - 5)
R HFR
w K 15.0 1.0158 22698 1.140
Oa A1 i 15.0 0.6910 0.9982 0.972
Ob e 16.0 0.7490 1.2097 1.010
Oc ST 17.0 0.8340 1.5741 26.500
S s os62 lesso 080
28.0 0.8651 1.6561 30.400
0od W 50.0 0.8483 1.4385 7.880
74.0 0.8297 1.2216 3.640
90.0 0.8172 1.0888 2.575

o IR A R R4 R 0.691 A1 0.834 144 Fiki 9k AT A Tk TR A T o
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Fig. 1 Comparison of theoretical velocity values and measured values
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