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Abstract: During the construction of salt cavern hydrogen storage, the debrining process, in which gas injection is used to displace brine and
convert the solution—mined cavern into usable hydrogen storage space, is commonly required. The process parameters at this stage directly
affect the effective storage capacity and operational safety of the salt cavern. To reduce the cost and safety risks of using H, as the debrining
medium and to form a stable cushion structure during cavern construction, CH,, N,, and CO, were selected as cushion gases, and their flow
behavior when introduced during the gas injection debrining stage and their effects on salt cavern hydrogen storage performance were
investigated. Based on the geological parameters of the Dunham salt region in the United States, a three—dimensional salt cavern model was
constructed using the CMG—-GEM numerical simulation platform, and key factors such as debrining rate, injection pressure, and cushion—gas
type were systematically analyzed, with gas channeling time, cumulative gas injection, effective H, storage capacity, and cushion—gas
proportion used as evaluation indicators. The simulation results indicated that the debrining rate was the main factor controlling gas

channeling behavior and effective storage capacity. When the debrining rate increased from 40 m’/h to 80 m*h, gas channeling occurred
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approximately 34% earlier, the effective H, storage capacity decreased by about 9%, and the gas—water interface gradually evolved from an

overall gentle downward movement into a coning pattern along the wellbore axis. Increasing the injection pressure from 22 MPa to 25 MPa

increased cumulative gas injection by about 13.6%, but it had only a limited effect on the timing of gas channeling. Under different cushion—

gas conditions, CO, was more prone to gas channeling during debrining because of its higher solubility and lower interfacial tension, and its

cushion—gas proportion could reach about 45%. CH, provided a higher effective H, storage capacity. N, showed a lower cushion—gas

proportion (about 37%) and more favorable H, purity. In addition, different salt—cavern shapes significantly affected gas channeling behavior,

cumulative gas injection, and effective storage capacity, but under the same debrining rate, the overall trends among different cavern shapes

remained consistent as the debrining rate changed, whereas the change in cushion—gas proportion was small. The results show that selecting

an appropriate cushion gas and controlling the debrining rate during cavern construction can help delay gas channeling, improve the effective

H, storage capacity of the salt cavern, and enhance operational safety, thus providing a basis for the process design of salt cavern hydrogen

storage construction.

Keywords: salt cavern hydrogen storage; gas injection debrining; cushion gas; numerical simulation; gas channeling
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Fig. 3  Effects of different permeabilities on gas channeling time and cumulative gas injection, and schematic diagrams of pressure

distribution in salt cavern
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Fig. 4 Schematic diagram of cavern pressure evolution during

operation of salt cavern hydrogen storage
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