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Numerical Studies on Thermo-Hydro-Mechanical Couplings for

Underground Heat Storage.

Hee-Suk Lee, Myoung-Hwan Kim and Hi-Keun Lee

ABSTRACT This paper investigates coupled thermal, mechanical and hydraulic phenomena in deep
rock mass especially for underground heat storage system. Firstly, concepts of underground heat
storage were presented and coupling phenomena in this area were illustrated. In order to understand
the basic mechanism of thermal, hydraulic and deformation behavior in rock cavern disturbed by
thermal gradient about 100°C, various numerical experiments were conducted using several codes. The
study involves the behavior of fractured rock mass including rock joint. In spite of the limitation of
codes modelling fully coupled effects, these codes could be applied in analysis of underground heat
storage. The heat loss in rock mass, which is a major factor in heat storage, is insignificant in all results.
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Fig. 1. Hot water displacement accumulator in rock
caverns(by Margen).
A narrow sealing passage, B: pressure bal-
ance tank, C, : air circulator, C, : air compressor,
I, : dry insulation, |, : wet insulation, K: air cool-
er, S: stack, x : sealing flow to prevent intrusion
of gas, y : steam pressurizing supply
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Fig. 2. Thermo-Hydro-Mechanical couplings diagram.
(D-a variations of solid properties with tem-
perature, (>b induced thermal stress, (2r-a vari-
ation of thermal properties with mechanical de-
formation, @»b heat produced by mechanical
dissipation (can be ignored) (3) variations of fluid
properties with temperature, %) heat convection
by the fluid, & mechanical effect of fluid pres-
sure variation (includes effective stress law), &)
variations of porosity and permeability
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with heat source.
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Fig. 5. Temperature change for the same model by
FLAC.

Properties
Rock matrix Input
N0 TOU : 24 thewme- ism problem .
FLAC (Version 3.30) Elastic modulus (E) 60, 12 GPa

Poisson's ratio (v) 0.23

Rock density (p,) 2670 kg/m®
Rock specific heat (C,) 900 J/kg/K
Thermal conductivity (A) 3 W/m/K
Linear thermal expansion 9x10°/K
coefficient (o)
Fluid
Permeability (K) 10" m/sec
Porosity (v) 0.02
Water density (p,) 1000 kg/m®
Water specific heat (C,) 4200 J/kg/K
Water volumetric compressibility =~ 2x10°

(K.)
Water expansion coefficint (8,) 6x10*/K
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(b) Horse-shaped tunnel model by FLAC

Fig. 6. Representative grid of some coupling models
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Fig. 7. Temperature distribution at circular opening
810 days after thermal source (by PLASCON)}).
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