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A Numerical Analysis to Predict the Temperature Distribution
around a Cold Storage Cavern

Gyu-Sang Lee and Chung-In Lee

Abstract To predict the temperature distribution around a underground rock storage cavern, two- and three-
dimensional numerical analysis using FLAC was conducted. The effects of groundwater and latent heat on thermal
properties were considered in numerical calculation. The temperature estimated by FLAC are compared with the
temperature measured for 5-year operation at Gonjiam storage cavern. Estimated and measured temperatures showed
great discrepancy when thermal properties from laboratory tests were used and showed good agreement when the
effects from 20% of volumetric water fraction and latent heat were considered. However, the discrepancy still
increased with operation time due to the heat flow from ground surface. Three-dimensional numerical models were
established to closely approximate the boundary condition of the test site, and numerical results better agreement
when groundwater and latent heat effects were considered.
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Fig. 1. One-dimensional phase change problem
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Table 1. Basic thermal properties of rock and water
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Table 2. Calculated thermal properties of rock mass considering the groundwater and latent heat effect

Volumetric water Density Thermal conductivity | Specific heat Temperature Modification
fraction (kg/m’) (W/m'TC) JkgC) range method

2,629 4.02 867 > 0T Groundwater only

10% 2,625 427 7,190 -1T ~ 0C G.W & latent heat
" " 4,637 2T ~ -1T "
" " 3,361 -3C ~ 2T "

2,621 4.53 765 < -3C Groundwater only

2,448 3.24 1,018 > 0T Groundwater only

20% 2,440 3.67 14,642 -1C ~ 0C G.W & latent heat
" " 9,150 2C ~ -1T "
" " 6,404 -3C ~ 2T "

2,432 4.10 819 < -3TC Groundwater only
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Fig. 2. Comparison of measured data and results of numerical
analysis using dry condition
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Fig. 3. Comparison of measured data and results of numerical
analysis considering 20% volumetric water fraction
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