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Simulation of Ice Ring Formation around Cryogenic Underground Storage

Cavem using Hydro-Thermal Coupling Method
Yong-Bok Jung, Chan Park, So-Keul Chung, Woo-Cheol Jeong and Ho-Yeong Kim

Abstract Ice ring formation, one of the core techniques in LNG storage in a lined rock cavemn, is investigated through
hydro-thermal coupled analysis. An ice ring acts as a secondary barrier in case of leakage of cryogenic liquid and
as a primary barrier for groundwater intrusion into an LNG cavern. Therefore, the thickness and location of the
ice ring are crucial factors for the safe operation of an LNG storage cavern, especially for maintaining the integrity
of a primary barrier composed of concrete, PU foam, and steel membrane. Through numerical analyses, the position
and thickness of the ice ring are estimated, and the temperature and groundwater level are compared with measured
values. The temperature and groundwater level by numerical analyses show good agreement with the field
measurements when temperature-dependent properties and phase change are taken into account. The schemes used
in this paper can be applied for estimation of ice ring formation in designing a full-scale LNG cavern.
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Fig. 1. Sectional view of pilot LNG cavern and initial & boundary conditions
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Table 1. Basic material properties for hydro-thermal coupled analysis

Solid(Porous medium) Fluid(water)
. Thermal Volumetric heat Intrinsic Volumetric heat Thermal
Material .. . ., . ..
conductivity capacity permeability capacity conductivity
(k, W/m/°C) (Cp, Jkg/°C) (m?) (Cp, J/kg/°C) (k, W/m/°C)
PU foam 0.0184 1674.0 5.366e-14
Concrete 2.631 710.0 3.472e-14 2040.0 0.56
Rock 2.631 710.0 3.472¢-14
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Fig. 4. The location of 0C isotherm(CASEIl, 2004.6.10)

Fig. 5. Water flow vector with the location and thickness
of ice ring after 6th weeks elapsed form the drainage
stop(CASEL)
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