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Abstract: To tackle the difficulties in real-time evaluation of coalbed methane (CBM) reservoir fracturing performance and the insufficient
consideration of multi-scale fracture network closure in conventional inversion models, this study identified the hierarchical closure
processes of cleats, natural fractures, and hydraulic fractures using the inflection points from the shut—in pressure decline curves. Taking
multi-stage fracture closure as the core mechanism, the study integrated coupled material balance principles with pressure transient analysis
methods. Inversion formulas for fracture surface area, half-length, and complexity index were derived. And a shut-in pressure decline
inversion model for coal rock reservoirs was established. Using the granulated coal reservoir in Fukang, Xinjiang, as a validation case, the
fracture half-length inverted by the model was 45.4% lower than the microseismic monitoring result, as the model only captured the wet
stimulated reservoir volume (SRV) with sustained conductivity and excluded fractures without effective flow contribution, making the results
more consistent with engineering reality. The model was further applied to medium—shallow high—rank coal in the Qinshui Basin and deep

coal rock in the Ordos Basin. Results revealed significant differences in fracturing performances among the three coal types. For shallow
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granulated coal, the surface area proportions of main fractures and secondary fractures were 9.18% and 52.17%, respectively. The fracture
network was short and complex, with a complexity index of 10.03. For medium—-shallow high-rank coal, the main fracture accounted for
14.29%, and secondary fractures accounted for 77.5%. The fracture network extended relatively far along main fractures, with a complexity
index of 6.05. For deep coal reservoirs, main and secondary fractures accounted for 22.08% and 77.92%, respectively. No connected cleat
system was observed and the network had a complexity index of 3.67. Comparative analysis showed that coal integrity and in-situ stress
conditions jointly controlled fracture network development patterns. Granulated coal restricted main fracture extension due to coal structure
disruption and heavy fluid loss. Primary—structure coal and deep coals exhibited lower leakoff, allowing stable extension of main fractures.
However, high vertical stress in deep coals inhibited fracture branching and limited network complexity. The proposed model overcomes the
limitations of conventional approaches by accurately identifying multi-stage fracture closure characteristics, distinguishing fracture
development differences caused by coal structures, and improving the technical framework of shut—in pressure decline inversion for
evaluating CBM fracturing performance. It provides theoretical support for the optimization and effectiveness evaluation of fracturing designs
in CBM reservoirs.

Keywords: low-rank coal; high—rank coal; deep coal rock; hydraulic fracturing; fracturing parameter inversion; multi-stage fracture closure
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of stage 3 in Well A
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Fig. 6 Inversion results of fracture parameters
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