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Abstract

In recent years, the exploration of tight oil and gas reservoirs has developed rapidly. Some wells
have encountered a few channel sand bodies that were not effectively identified by early target
evaluations, and these sand bodies have been proven to have good exploration potential. How to
effectively identify hidden channels has become a prominent problem that urgently needs to be
solved for gas field storage and production increase. Due to the fact that spectral decomposition
technology can extract specific frequency band information reflecting the geological characteris-
tics of channels from full frequency seismic data, it is helpful for channel sand bodies identifica-
tion. However, traditional time-frequency analysis methods have low resolution in frequency de-
composition results, making it difficult to clearly detect hidden channel boundaries. Therefore,
this article introduces the synchrosqueezing generalized S-transform with the Lucy-Richardson
algorithm for seismic time-frequency spectrum decomposition. Numerical simulation shows that
the synchrosqueezing algorithm greatly improves the time-frequency resolution of the genera-
lized S-transform, effectively distinguishes different frequency signal components in non-stationary
signals, and it is more suitable for the time-frequency decomposition of actual seismic signals. The
Lucy-Richardson algorithm further eliminates false cross terms between signals. The practical ap-
plication of data shows that the spectral decomposition method proposed in this paper accurately
characterizes the spatial distribution of a hidden channel sand body in the Lianggaoshan Forma-
tion in southeastern Sichuan, which confirming the effectiveness and superiority of the method.
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Table 1. Time-frequency distribution of the synthesized signal
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Figure 1. Synthesized signal example
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Figure 3. The GST spectrum
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Figure 4. The LR-SSGST spectrum
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Figure 5. Three types of channel models and different time-frequency analysis methods. (a) three types of gas-bearing sand-
stone lens models; (b) the synthetic seismic section of the model; (c) the single frequency section of the model calculated

using GST; (d) the single frequency section of the model calculated using LR-SSGST
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Figure 6. Comprehensive sedimentary histogram of F1 Well in Lianggaoshan Formation
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Figure 7. Time-frequency analysis of different seismic traces
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Figure 8. Spectral analysis of seismic data from the target layer in the research
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Figure 9. Comparison of different seismic sections in the target layer of Well F1. (a) the
original seismic profile; (b) the near offset stacked seismic section; (c) the far offset stacked
seismic section; (d) the single frequency section calculated using LR-SSGST
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Figure 10. Comparison of channel characterization of seismic data before and after frequency decomposi-
tion in the target layer of the research area. (a) the original seismic attribute plan; (b) the frequency decom-
position attribute plan
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