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Analysis of Seismic Velocity Change and AVO Response Depending on Saturation
of Kerogen and GOR in Shale Reservoirs
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Dept. of Earth Resources and Environmental Engineering, Hanyang Univ.
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Abstract: Recently, the studies about rock physics model (RPM) in shale reservoir are widely performed. In shale
reservoir, the degree of the maturity can be estimated by kerogen and GOR (Gas-Oil Ratio). The researches on the rock
physics model of shale reservoir with the amount of kerogen have been actively carried out but not with GOR. Thus,
in this study, we analyzed the changes in seismic velocity and density, and AVO (Amplitude Variation with Offset)
response depending on changes in GOR and the amount of kerogen. Since the shale consists of plate-like particles, it
has vertical transverse isotropy (VTI). Therefore we estimated the seismic velocity and density by using Backus averaging
method and analyzed AVO responses based on these estimated properties. The results of analysis showed that the changes
in the velocity with the GOR variation are small but the velocity changes with the variation in kerogen amount are
relatively larger. In case, GOR 180 (Litre/Litre) which is boundary between heavy oil and light oil, when volume fraction
of kerogen increased from 5% to 35%, the P-wave velocity normal to the layering increased 51%. That is, it helps
estimating maturity of kerogen through the velocity. Meanwhile, when rates of oil-gas mixture are large, the effect of
GOR variation on the velocity change became larger. In case volume fraction of kerogen is 5%, the P-wave velocity
normal to the layering was estimated 1.46 km/s> in heavy oil (GOR 40) but 1.36 km/s® in light oil (GOR 300). The

AVO responses analysis showed class 4 regardless of
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Accepted: 25 February 2016 poisson’s ratio is small. Therefore, shale reservoir has
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Fig. 4. (a) Bedding-normal P-wave velocities (7,(0°)) versus GOR for different values of kerogen contents. (b) Bedding-parallel P-wave
velocities (7,(90°)) versus GOR for different values of kerogen contents.
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Kerogen Volume GOR P-wave velocity S-wave velocity Density c 5
Fraction (km/s) (km/s) (g/em’)
40 1.71 0.61 1.75 0.48 0.48
15% 180 1.66 0.60 1.73 0.50 0.48
300 1.65 0.59 1.72 0.51 0.47
40 2.11 1.09 1.89 0.36 0.88
35% 180 2.09 1.05 1.89 0.36 0.83
300 2.08 1.04 1.89 0.37 0.82
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