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Abstract

The in-situ conversion of deep coal resources represents one of the most important and promising technological directions for
the efficient and clean utilization of deep coal deposits. However, because such conversion processes are typically conducted
under extreme and complex environments characterized by high temperature, high pressure, and the coupled action of multiple
physical and chemical components, the coal seam-wellbore system is highly susceptible to structural instability, mechanical
failure, and integrity damage. In view of these distinctive and challenging characteristics, there is an urgent need to reveal the
underlying mechanisms by which the aforementioned factors influence the adaptability of the coal seam-wellbore system to
supercritical conversion.The principal focus of this study is the effect mechanism of the thermo-poro-chemo-mechanical
(temperature-pressure-seepage-reaction) multi-field coupled action on the entire coal-wellbore system. Accordingly, this paper
establishes an evaluation methodology for the stability and integrity of the wellbore system under supercritical conversion
conditions, and develops a comprehensive life-cycle evaluation system for the wellbore. By clarifying the coupling laws among
thermal, hydraulic, mechanical, and chemical fields, the proposed method provides a theoretical foundation for the safe and
efficient development of deep coal resources through in-situ conversion. This integrated framework is expected to support the
design of wellbore engineering technical solutions and process measures tailored to coal in-situ conversion, and to contribute
substantially to ensuring the safety, reliability, and quality of the entire underground coal gasification process. The research
outcomes are of great significance for promoting the industrial application of underground coal gasification technology.
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