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Numerical Analysis of the Mechanical and Hydraulic behavior of Concrete Plug
in Underground Storage Cavern

Byung-Ki Park, Hi-Keun Lee, Seok-Won Jeon and Eui-Seop Park

ABSTRACT The concrete plug in an underground cavern prevents the stored product (oil, gas, etc) from leaking and the
excessive inflow of underground water, so it plays an important role in construction and operation of the storage cavern.
Additionally, it should maintain its stability urider every possible loading condition. Once the plug is constructed, the cavern
is isolated from the external access. Therefore, mechanical and hydraulic consideration should be made in construction to
fulfill its function. Therefore, in this study, numerical analyses were conducted to study the optimal shape and thickness of
the plug with respect to the various conditions of installation depth, the shape of the plug, in-situ stress ratio (K), the
condition of rock-plug interface, and the effect of Excavation Damaged Zone (EDZ). This paper also presents the effect of
slot depth on the hydraulic behavior of the plug. These analyses were carried out by using the 2-dimensional finite difference
code, rm FLAC, and the 3D code, rm FLAC®

Key words : Concrete Plug, Finite Difference Method, Tensile Stress, Displacement, Interface, EDZ
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Table 1. Material properties of the rock mass and
concrete

Material
. Rock mass Concrete

Properties

Density (kg/m’) 2500 2300
Young's modulus (GPa) 17.8 35
Poisson's ratio 02 0.25
Cohesion (MPa) 43 -
Friction angle (°) 35 -
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Fig. 4. Maximum tensile stress and displacement of plug with respect to depth and K value

Table 2. Stable plug thickness and the maximum tensile stress occurred in the plug at different values of K and depth

(symmetric shape)

K
0.5 1.0 1.5 2.0
Depth
Thickness (m) 3 3 3 3
100 m .
Tensile stress (MPa) 0.495 0.458 0.448 0.447
Thickness (m) 3.5 3 35 3.5
200 m .
Tensile stress (MPa) 0.548 0.677 0.52 0.52
Thickness (im) 4.5 45 3 3
500 m .
Tensile stress (MPa) 0.65 0.62 0.02 0.03
Thickness (m) 5 3 3 -
1000 m .
Tensile stress (MPa) 0.62 0.03 0.04
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Table 3. Material properties for interface analysis

nterface conditioy Rough Intermediate Smooth
Properties
Normal stiffness (GPa/m) 20 20 20
Shear stiffness (GPa/m) 20 10 2
Cohesion (MPa) 2
Friction angle (°) 30
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W Density 1000 kg/m’
TP~ Water 3
Bulk modulus 2X10Pa
Moderate 1% 10 m/sec
.. | Rock mass 5
Permeability EDZ 1X10 m/sec
Concrete 1%10 m/sec 1
frecividiniil R S Moderate 1%
! ] ] ) Rock mass
Fig. 9. Vertical displacement of each point according to Porosity EDZ 10 % '
excavation step Concrete 10 %
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(a) Slot depth: 0.5 m

(b) Slotdepth: 1.0m

(c) Slotdepth: 1.5m

Fig. 10. Model configuration for hydraulic analysis (EDZ=1 m)
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(c) Slot depth : 1.5m

Fig. 11. Specific discharge vector around plug (EDZ=1 m)
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