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Quantitative evaluation of maximum operating pressure and storage capacity for gas-top sandstone

reservoir-type gas storage

Abstract: [Objective] The maximum operating pressure for underground gas storage facilities designed for oil and gas
reservoirs, both constructed and under construction in China, is currently set at the original formation pressure. There have
yet to be successful cases of overpressure operation, which significantly impacts the economic benefits of converting
depleted oil and gas reservoirs into underground gas storage facilities. This article aims to evaluate the maximum operating
pressure and storage capacity of the Nanpu 1-29 gas storage facility from the perspective of the ultimate bearing capacity of
cap layers and faults, with the goal of effectively enhancing the construction benefits of the facility. [Methods] The
evaluation of the maximum operating pressure for the Nanpu 1-29 gas storage facility in eastern Hebei is based on the
minimum principal stress measured in situ in the mining wells. Different effective porosity calculation methods are
employed to quantitatively evaluate the effective storage capacity of gas and oil reservoirs, as well as the incremental
capacity after pressure boosting operation, based on their development differences. [Results] The evaluation of the
maximum operating pressure for the Nanpu 1-29 gas storage facility indicates that the minimum principal stress of the cap
layers determined by the in-situ measurements in the mining wells is 34.00 MPa. Based on the tensile failure criteria
determined by the minimum principal stress, the maximum operating pressure for the tensile failure of the cap layer is
27.20 MPa. Combined with the maximum safe injection pressure corresponding to shear failure of the cap layer (30.60
MPa) and the maximum safe injection pressure corresponding to unstable slip of the fault (27.60 MPa), the final maximum
operating pressure for the Nanpu 1-29 gas storage facility is determined to be 27.20 MPa. Based on the effective storage
capacity calculation model, considering factors such as the water content of the gas reservoir, residual water and edge
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porosity as well as the coefficient of influence, the efficiency of gas-driven fluid, and the utilization rate of oil-
containing space, the maximum operating pressure increased from the original formation pressure of 22.50 MPa to 27.20
MPa. The practical storage capacity of the gas storage facility increased from 15.46x10° m’® to 18.14x10® m’®, an increase of
approximately 17.3%. [Conclusion] (1) The construction of gas storage facilities can be re-evaluated for the maximum
operating pressure based on the minimum principal stress measured in situ in the mining wells, and overpressure design can
be conducted under appropriate conditions. (2) Overpressure design can effectively increase storage capacity and improve
the economic benefits of reservoir construction. [Significance] The research results have a certain reference value for the
quantitative evaluation of the maximum operating pressure and storage capacity of other underground gas storage facilities,
and are expected to significantly improve the economic benefits of overpressure-designed reservoir-type gas storage
facilities in China.

Keywords: Nanpu 1-29 gas-top sandstone reservoir; underground gas storage; in-situ stress; maximum pressure; capacity
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Note: The map is based on the top structure of the NgIV() reservoir.
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