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S-wave Velocity Derivation Near the BSR Depth of the Gas-hydrate Prospect
Area Using Marine Multi-component Seismic Data

Byoung Yeop Kim!”?* and Joong Moo Byun’

!Petroleum & Marine Research Division, Korea Institute of Geoscience and Mineral Resources
2Department of Mineral, Petroleum & Environmental Engineering, Hanyang University

S-wave, which provides lithology and pore fluid information, plays a key role in estimating gas-hydrate satura-
tion. In general, P- and S-wave velocities increase in the presence of gas-hydrate and the P-wave velocity decreases
in the presence of free gas under the gas-hydrate layer. Whereas there are very small changes, even slightly
increases, in the S-wave velocity in the free gas layer because S-wave is not affected by the pore fluid when propa-
gating in the free gas layer. To verify those velocity properties of the BSR (bottom-simulating reflector) depth in
the gas-hydrate prospect area in the Ulleung Basin, P- and S-wave velocity profiles were derived from multi-com-
ponent ocean-bottom seismic data which were acquired by Korea Institute of Geoscience and Mineral Resources
(KIGAM) in May 2009. OBS (ocean-bottom seismometer) hydrophone component data were modeled and invetted
first through the traveltime inversion method to derive P-wave velocity and depth model of survey area. 2-D multi-
channel stacked data were incorporated as an initial model. Two horizontal geophone component data, then, were
polarization filtered and rotated to make radial component section. Traveltimes of main S-wave events were picked
and used for forward modeling incorporating Poisson’s ratio. This modeling provides S-wave profiles and Poisson's
ratio profiles at every OBS site. The results shows that P-wave velocities in most OBS sites decrease beneath the
BSR, whereas S-wave velocities slightly increase. Consequently, Poisson’s ratio decreased strongly beneath the BSR
indicating the presence of a free gas layer under the BSR.

Key words : gas-hydrate, multi-component seismic survey, S-wave velocity, ocean-bottom seismometer (OBS), bot-
tom-simulating reflector (BSR).
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Fig. 1. (a) A general model for deep-sea gas hydrate formation
(after Hyndman and Davis, 1992) and (b) example of BSR
on seismic section (KIGAM, 2006). The BSR represent
strong evidence of gas-hydrate existence.
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Fig. 2. Location map of coincident 48 channel seismic and
OBS data acquisition. OBS locations and line names are
shown in the yellow box.
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Fig. 3. Stacked time section from 48 channel seismic data,
the white arrow indicates a strong BSR. OBS locations are
marked by black triangles.
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Table 1. Modeling results (no. pts = no. of points used, Trms = RMS traveltime residual, y* = normalized chi-square)

OBS #8 OBS #5 OBS #4
phase
no. pts Trms e no. pts Trms $2 no. pts Trms 1
2 120 0.013 1.822 144 0.018 3.356 107 0.034 11.381
3 163 0.015 2294 222 0.026 6.635 195 0.011 1.182
4 159 0.012 1.505 202 0.018 3244 185 0.012 1.545
5 170 0.019 3.464 170 0.017 2.828 169 0.030 9.127
6 141 0.022 4872 158 0.024 5.808 190 0.033 11.029
7 104 0.010 1.089 130 0.032 10.193 101 0.020 4.178
8 138 0.028 7.740 188 0.111 122.77 131 0.040 16.508
total 995 0.018 3.286 1214 0.048 23,298 1078 0.027 7.337
OBS #3 OBS #2 OBS #1
phase 5 5 5
no. pts Trms X no. pts Trms X no. pts Trms X
2 144 0.031 9.751 133 0.015 2.358 172 0.023 5.287
3 173 0.008 0.598 176 0.009 0.822 141 0.007 0.496
4 188 0.014 1.969 150 0.013 1.764 161 0.016 2.430
5 151 0.011 LiT1 170 0.024 5.623 153 0.016 2.604
6 125 0016 2.677 135 0.024 5.965 151 0.024 5.671
7 145 0.039 15.370 129 0.037 13.861 98 0.031 9.865
8 75 0.014 2.022 122 0.021 4.656 105 0.031 9.871
total 1001 0.022 4.736 1015 0.022 4.739 981 0.022 4.686
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Fig. 13. Final 1-D Vp and Vs profiles of all OBS locations. Poisson’s ratio profile is also overlaid in green. Yellow arrows
indicate estimated BSR depth.
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