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A Numerical Study on the Long-Term Temperature Distribution in
Near-Field Rock for Underground Liquid Hydrogen Storage Systems
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Abstract

This study presents a preliminary numerical analysis of a conceptual model of an underground liquid hydrogen
storage system to evaluate the long-term temperature distribution in the near-field rock mass and the characteristics
of ice-ring formation. A coupled thermal-hydraulic numerical model was developed, accounting for phase changes
due to pore water freezing and the behavior of unfrozen water. The model was validated through freezing soil box
experiments using porous media. The experimental and numerical results demonstrated similar formation patterns
of the frozen wall, indicating that the developed model reasonably predicts the freezing behavior of porous media.
Preliminary analysis using the validated model indicated that the temperature at the outermost boundary of the lining
entered the subzero range approximately one year after storage, reaching -7°C after 50 years. The maximum ice-ring
thickness was 2.5 m after 30 years and 5 m after 50 years. Design parameter analysis revealed that the ice-ring
thickness after 50 years varied substantially, ranging from 3 to 15 m depending on the thermal conductivity of the
insulation. Furthermore, a circular rock cavern shape tended to expand the freezing influence zone more than a
horseshoe shape. The numerical model and preliminary findings of this study provide fundamental data for the

conceptual design of underground liquid hydrogen storage systems and for sensitivity analysis of design parameters.
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Fig. 1. Development of core design technologies for a large—capacity underground liquid hydrogen storage system conducted by the Korea
Institute of Geoscience and Mineral Resources (KIGAM, 2025)
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Fig. 4. Comparison results of frozen zone of porous material after 3 hours, (a) frozen zone in experiment, (b) frozen zone in FEM results,
(c) comparison results of frozen zone between experiment and FEM results
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Table 1. Material properties used in numerical simulation model (Jung et al., 2011; KIGAM, 2003)

Parameter Value Unit Note
Ps 2750 kg/m® Density of intact rock
O 917 kg/m3 Density of frozen porewater
Pw 1000 kg/m3 Density of unfrozen porewater
Pl 2550 kg/m® Density of concrete liner
Dins 65 kg/m® Density of insulator
s/ 7900 kg/m® Density of steel liner
Cw 4180 J/(kg - K) Heat capacity of unfrozen porewater
G 2000 J/(kg - K) Heat capacity of frozen porewater
Cs 710 J/(kg - K) Heat capacity of intact rock
Co 710 J/(kg - K) Heat capacity of concrete liner
Chs 1674 J/(kg - K) Heat capacity of insulator
Cs 242 J/(kg - K) Heat capacity of steel liner
L 333 kJ/(kg - K) Latent heat of fusion of porewater
Aw 0.53 W/(m - K) Thermal conductivity of unfrozen porewater
Ai 2.24 W/(m - K) Thermal conductivity of frozen porewater
As 2.63 W/(m - K) Thermal conductivity of intact rock
Ao 2.63 W/(m - K) Thermal conductivity of concrete liner
Ans 0.0184 W/(m - K) Thermal conductivity of insulator
As/ 8.42 W/(m - K) Thermal conductivity of steel liner
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