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Abstract: The safe operation of underground gas storage (UGS) facilities is crucial for ensuring a stable gas supply,
achieving seasonal peak shaving, and securing strategic energy reserves. Fault stability is, in turn, a critical to keeping
the UGS integrity. Therefore, it is essential to assess the stability of faults in a UGS facility and determine the critical
pressure for fault instability. In this study, we explore the stability of faults in the Lei 61 UGS facility within the Liaohe
Basin. Conventional method that assumes the frictional coefficient of faults is a fixed value, tends to overestimate the
fault stability, as shown by the research results. Given that clay minerals can reduce the frictional strength, we examine
the relationships of clay minerals of various types with the frictional coefficient of faults. By integrating theoretical
calculations with the experimental calibration of the frictional strength, we develop a model for quantitatively
characterizing the heterogeneity in the frictional strength of faults tailored to the study area. This approach enhances the
scientific rigor of fault stability assessment and enables a more accurate fault stability assessment for the Lei 61 UGS
facility. According to the comparison of the assessment results, the conventional assessment method predicts that all
faults in the UGS facility remain highly stable under the current stress field, at a minimum activation pressure of 20. 04
MPa; in contrast, the improved assessment method indicates a minimum activation pressure of 16. 68 MPa, with a
decrease of 3. 36 MPa, despite the absence of any fault activation.
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fault stability assessment method, Lei 61 underground gas storage (UGS) facility, Liaohe Basin
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Fig. 1 Tectonic location of the Lei 61 UGS facility in the Liaohe Basin (a) and the developmental characteristics of trap-controlling faults in
the UGS (b)
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Table 1 Statistics of the parameters of faults in the Lei 61 UGS facility, Liaohe Basin
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Fig. 2 Variations in the reservoir pressure during the second round of gas injection for the Lei 61 UGS facility, Liaohe Basin
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Fig. 3 Schematic diagrams showing the principle of fault stability assessment (a) and the calculation of effective normal stress on

a fault plane (b)
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Fig. 5 Interpretation results of in-situ stress in the Lei 61 UGS facility, Liaohe Basin
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Fig. 9 Experimental results of frictional coefficients under varying

fault gouge contents (projected onto the scatter plot in Fig. 7)
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