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Abstract : The tight sandstone reservoirs in the 8th member of the Permian Lower Shihezi Formation (He 8 Member) and the
1st member of the Shanxi Formation (Shan 1 Member) along the eastern margin of the Ordos Basin are highly heterogeneous.
Multiple coal seams and limestone beds are widely developed beneath the target reservoirs, resulting in complex and variable
seismic reflection characteristics of the sandstone bodies. Conventional reservoir prediction methods are limited in their
ability to finely characterize medium- to thin-bedded sand bodies and their interwell distribution. Therefore, an intelligent
inversion method capable of suppressing coal-seam interference is urgently needed. Four forward conceptual models were
established according to the sedimentary characteristics of the study area, and multi-wavelet decomposition and
reconstruction were used to suppress strong reflections and reconstruct the time-frequency information from the seismic data.
On this basis, frequency-decomposed intelligent inversion was combined with neural network modeling to establish a
nonlinear mapping relationship between seismic waveform features and gamma-ray (GR) logs. This enabled integrated
constraints and collaborative inversion of multi-source information, thereby improving the identification of medium- to thin-

bedded sand bodies. As indicated by the research results, the forward modeling results show that underlying coal seams
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significantly interfere with the seismic responses of sand bodies, and the degree of interference varies with sand body stacking
relationships, sand body thickness, and the vertical distance between the sand bodies and coal seams. After strong reflection
suppression, the frequency-decomposed intelligent inversion method can accurately characterize the macroscale distribution
of sand bodies and significantly improve the identification of medium- to thin-bedded sand bodies and the reliability of
interwell prediction. When the sand body thickness exceeds 4 m, the sand body response ratio surpasses 90%, and the
responses of well-adjacent traces are markedly improved compared with the original seismic waveforms. This fully reflects the
constraint effect of well information and improves the resolution of sand body identification. Under the condition of coal-seam
suppression, the neural-network-based frequency-decomposed intelligent inversion method exhibits good applicability and
reliability. Three main types of sand body assemblage patterns were identified in the target interval of the study area: vertically
stacked, laterally amalgamated, and isolated. This method compensates for the limitations of conventional acoustic
impedance inversion in tight sandstone reservoir prediction and provides an effective technical approach for the fine
characterization and spatial distribution prediction of tight sandstone reservoirs in the study area.

Key words: forward model, multi-wavelet decomposition and reconstruction, BP intelligent inversion, reservoir
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Fig. 1 Comprehensive geological map of Block SuA in the Ordos Basin (modified after reference [29])
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Table 1 Statistics of wave velocity, density, and acoustic
impedance for different lithologies from the He 8 Member to

the 2nd member of the Benxi Formation (Ben 2 Member) in
Block SuA, Ordos Basin
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Fig.2  Forward models and simulation results of seismic wave from the He 8 Member to the Ben 2 Member in Block SuA
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Table 2 Optimization of neural network architecture parameters in Block SuA

Fe= I ERRUR
= TR UIZEMEARER) MREH AR R WA NGEMCRER) ML RE(R)
5 0.9138 0.843 4 6 0.9487 0.656 1
1 10 0.9137 0.876 5 | 7 0.926 8 0.8263
15 0.9118 0.870 4 8 0.926 8 0.7816
20 0.920 0 0.8226 9 0.929 2 0.7927
5 0.6229 0.6620 11 0.9220 0.8375
; 10 0.6550 0.7518 . 12 0.904 2 0.8894
15 0. 660 7 0.7522 13 0.903 8 0.8955
20 0.6572 0.7578 14 0.9079 0.8828
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