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Geomechanical Stability of Underground Lined Rock Cavems (LRC)
for Compressed Air Energy Storage (CAES) using
Coupled Thermal-Hydraulic-Mechanical Analysis

Hyung-Mok Kim, Jonny Rutqvist, Dong-Woo Ryu, Joong-Ho Synn, Won-Kyong Song

Abstract In this paper, we applied coupled non-isothermal, multiphase fluid flow and geomechanical numerical modeling
using TOUGH-FLAC coupled analysis to study the complex thermodynamic and geomechanical performance of
underground lined rock caverns (LRC) for compressed air energy storage (CAES). Mechanical stress in concrete linings
as well as pressure and temperature within a storage cavern were examined during initial and long-term operation of
the storage cavern for CAES. Our geomechanical analysis showed that effective stresses could decrease due to air
penetration pressure, and tangential tensile stress could develop in the linings as a result of the air pressure exerted
on the inner surface of the lining, which would result in tensile fracturing. According to the simulation in which the
tensile tangential stresses resulted in radial cracks, increment of linings® permeability and air leakage though the linings,
tensile fracturing occurred at the top and at the side wall of the cavern, and the permeability could increase to
5.0x10" *m? from initially prescribed 1.0><10™2°m?. However, this air leakage was minor (about 0.02% of the
daily air injection rate) and did not significantly impact the overall storage pressure that was kept constant thanks to
sufficiently air tight surrounding rocks, which supports the validity of the concrete-lined underground caverns for CAES.

Key words TOUGH-FLAC coupled analysis, Lined rock cavern (LRC), Geomechanical stability, Tensile fracturing,
Compressed air energy storage (CAES)
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TOUGH-FLAC ¢IA|3)4-& thAl(multi-phase: aqueous,
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State Equation PVT functions for
Fluids water, air, CO, etc
TOUGH2 Multiphase fluid and
Reservoir heat transport analysis
Simulator \
TOUGH-FLAC
P8 (i)’ k P, Coupling Modules
\ FLAC3D Geomechanical Stress-
SOII&RO,Ck strain analysis with HM
l\i[echam%s and TM coupling
Mechanical Model Constitutive model for

visco-¢elastic, poro-
elasto-plastic material
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constant pressure and constant

Constant rate air injection

P1: within cavern
P2: within concrete lining (r=2.69 m)
P3: withinrock (r=4.6 m)

VRN -

Elements representing air-
filled interior of cavern

Symmetric boundary witl‘n no displacMO displacement normal to boundary,

normal to boundary,
no heat or fluid across boundary
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SR ost AL A LE W QY 2dow 4
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Auers e 2 WA Asic

=

Property Material type -
Rock mass Concrete lining

Young’s modulus, £ (GPa) 35 35
Poisson’s ratio, v (-) 0.3 0.3
Thermal expansion coefficient (1/°C) 1 x 10° 1 x 107
Effective porosity, ¢(-) 0.01 0.1
Permeability, k (m’) 1 x 107" 1 x 107
Residual gas saturation (-) 0.0 0.0
Residual liquid saturation (-) 0.01 0.01
van Genuchten, Py (MPa) 1.47 1.47
van Genuchten, m (-) 0.595 0.595
Thermal conductivity, A (J/s/m °K) 3 3
Specific heat (J/kg °K) 900 900
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