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Experimental study on identification of influencing factors of igneous gas and water layer
by longitudinal and shear wave velocities
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Abstract: In order to reveal the link between the physical mechanism of identifying gas and water zones in igneous rock with longi-
tudinal and transverse waves' velocity, and the internal factors of reservoirs, and guide the identification of fluid types in igneous
rock, the Carboniferous igneous rock core of the Junggar Basin was selected, and its longitudinal and transverse waves' velocities
were measured via the ultrasonic pulse method . The longitudinal and transverse waves’ velocities of the core in the dry state and
the water—saturated state were obtained. In addition, the influence of the internal factors of reservoirs like the fluid types, porosity,
density and lithology on elastic wave velocity were analyzed. The research showed that the gas—bearing state of the formation would
cause the significant decrease in both the longitudinal wave velocity and the ratio of longitudinal to transversal wave velocities, but
had a small impact on transversal wave velocity. In formations with low porosity, it was difficult to identify the fluid types because
the difference in the characteristics of the longitudinal and transverse waves’ velocities in gas and water zones was weakened. Due
to the complex lithology in igneous rock and the great influence of SiO, content on elastic wave velocity, fluid types should be iden-
tified by different lithology. Based on the above conclusion and in order to highlight logging responses of fluids, Vi/V.=R, crossplots
were established by different lithology to identify gas and water zones in tested formations in the research area. For intermediate—ba-
sic rock and acid rock, the V,/V, values are 1.85 and 1.75, respectively, which can be used to distinguish the gas zone and the water
zones effectively; however, due to the influence of low porosity, it is difficult to effectively distinguish between the gas zone and the
gas—water coexistence zone.
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Fig. 1 Igneous core sample
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Fig. 2 Longitudinal and transverse wave velocity test of

ultrasonic pulse
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Table 1 Longitudinal and transverse wave velocity test results
o LB HOFIRE THRRE S EN ) s
L % L " N A " O Ve
(grem™) (kmes™) (km-s™) " (greem™) (kmes™) (km-s™) ) )

1 00429 0.20 3.02 3.87 2.11 1.83 2.81 3.08 202 152 1.26 1.04
2 05640 2.10 2.85 3.36 211 159 2.66 3.19 233 137 1.05 0.91
3 16487 Bl 14.80 2.80 3.88 217 179 2.41 2.74 146 188 1.42 1.49
4 16488 13.70 2.74 4.02 205 196 2.35 2.44 197  1.24 1.65 1.04
5 04678 15.30 2.68 2.38 145  1.64 2.29 2.36 149 159 1.01 0.97
6 04673 - 13.00 2.62 2.53 1.61 157 2.27 2.50 148  1.69 1.01 1.09
7 04400 w 1.00 2.69 4.24 274 155 2.54 3.29 219 151 1.29 1.25
8 04404 2.60 2.54 3.99 2.00  1.99 2.36 3.09 201 153 1.29 1.00
9 20321 8.00 2.74 3.02 1.89  1.59 2.46 3.17 175  1.82 0.95 1.08
10 05568 9.20 2.64 3.86 212 1.83 2.37 2.90 1.83 159 1.33 1.16
11 05579 WISy 9.90 2.60 3.45 1.88  1.84 233 2.96 193 154 1.17 0.97
12 20329 11.10 2.66 3.01 179 1.68 2.40 3.17 1.80  1.76 0.95 0.99
13 06103 6.80 2.62 4.20 253 1.66 2.39 3.79 246 154 111 1.03
14 06106 fERZES  3.30 2.64 3.91 205 191 2.45 3.41 206  1.66 1.15 1.00
15 06109 8.70 2.64 2.95 1.80  1.64 2.37 2.91 1.84 158 1.01 0.98
SR 7.90 2.70 3.51 202 174 243 3.00 191 159 1.18 1.07
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Fig. 3 Relation between longitudinal and transverse wave

velocity and porosity
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Fig. 4 Relation between longitudinal and transverse wave

velocity ratio and porosity (experimental data)
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Table 2 Relation between longitudinal and transverse
wave velocities and density regression of igneous
core samples
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