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Abstract In order to control the geological and environmental risks during the exploitation of marine gas
hydrate, 4-component ocean bottom cable (4C-OBC) is considered to perform time-lapse seismic monitoring on
hydrate reservoirs, which can collect P- and S-wave simultaneously, and satisfy the requirement of real-time and
long-term monitoring. This paper uses ray tracing method to carry out forward simulation of 4C-OBC time-lapse
seismic system for the horizontal well environment in the future commercial gas hydrate exploitation. Based on the
seismic illumination of the formation model, the optimal OBC layout parameters is obtained to ensure that the
acquired seismic data has good imaging effect. Then, the travel time and amplitude of the time-lapse seismic data
in different exploitation stages is analyzed. The results show that both differential travel time and amplitude could
reflect the exploitation degree of gas hydrate reservoir, especially significant for converted S-wave. The error
analysis results of the observation system show that seismic source vessel’s positioning error would not
significantly affect the time-lapse monitoring system. In sum, it is effective to monitor dynamic process of marine
gas hydrate reservoir using 4C-OBC time-lapse seismic system.

Key words 4-component ocean bottom cable (4C-OBC); dynamic monitoring; time-lapse seismic; natural gas
hydrate; ray tracing
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Fig. 1  Virtual well recordings of compressive and shear wave velocities at different
exploitation stages of marine gas hydrate reservior
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Fig. 2 Simplified strata model (a) and corresponding velocity variation at different exploitation stages (b)
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Table 1 Petrophysical parameters for gas hydrate reservoir and free gas layer at different exploitation stages
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Fig. 5 Results of travel time analysis for P-wave events
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Fig. 6 Results of travel time analysis for S-wave events
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Fig. 8 Results of amplitude analysis for S-wave events
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Fig. 9 Effect of shot vessel’s positioning error to travel time analysis for P-wave and S-wave
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