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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 under 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 waords : Concrete Plug, Finite Difference Method, Tensile Stress, Displacement, Interface, EDZ

E B I AFALTEN AR TR e b BE SFEA0 dis A FAEL B A9 /7
o] 9§ &3 Astre] Het §Y2 A 715 FAstelok SRR AF f-RulErIAe A 9 3 DAl )
£ 28T % v EA ASER Y 2Eete] HFe] B AHA HEE FHast 1 7)e AR U3lE
7) A e AR A A e ohy 2 583 327 o] FojAok Wt miebA B dFel A 221 2 38 8 A
x 2739l FLACY FLACYE AMg3te] 8ol it d83 o 213 A& AAegich dA Skl Hsh 4=
o) g}, Fel1e) i, bt 3B HEe) G, FREGE) Y § e 27 llA 8o AE
w3l 3k A & dAER o, 2 N2 FUT 2L 7H 33 2RS FAES o AnE 2
A4 va, FESH e} £ A9 o] Wl WE FAMYE AAse] T AAE wms L)

A0t 2 E Foa, FAEY, 94, W9, dEels, THELY

.M B Aol Aaidee] gt §91¢ BASE T15E uE &
FulE7IA) A4 % 2 ThAlolA ol FoF Y
At FFEZ7RAGR, LPG 599 AUA AT & Bk Y FATH AR P ) Rske) HRL
o 227} 2 o) A% Al FAL SR AL BE A% 22 S5} 2 15E AN U
B A 4E Qs Aeld 9 el 2AAE F a7 ASAE ABA 48 B sEdes AFw 2
2]l F2 2 (plugyh AXHet. AUl o 5780l 4
Asls TR E FHaE T2 THEE WA EE ) gane dedtn ATRRA2RTAR 4427
W Foll A HASlE ot siolAl HslE BE 2 BB, ALugE AFRFA s FTRE wg
Fol ol Aoz WYY 4 UEF drslolol o TR ENTL A PG A2RIAR

Y A5Y 20008 7€ 31Y
g}, Eelze AAE 5 AR FES EXE T B 92 A4 989 200009 8E 109

93



94

27} H83 ole} FAlol AAA] AA|, AT H3
Ax F9 duke) AE e s T ¥
ojif FA Foll iE F8HQ A E7F a3

F]| 2ol A 9] AFES dE-E AV E AE
Z A Eoll 4] HF2| f53 AAIS] 913 71EA FH
o] 24 wFo] o] FoA L glon rhggt 27 &l
A F2s) F9guke) I8 AFPAE TEE A+
Al =8

olof] & gFollAlE HA] SH e U A2 w3l
we Eze ¥R A4 4 AAF e F
7l Aol 3l HEs Bk 79 FFe s Qe i
AE)e FEEGel el A5 mIRE gl 3
A FIACE sl 2 2 221 FQ] e
7} 32 FRISA S v E B3 AT, ARz
fE e 23 s el el disl R ESI =R
R4 Wl o g Qg el 7Fe] Wikl o
A= 2Zs] Hpeh E Aol e 23] 2 33
3Ll A T2 2alql FLAC(Fast Lagrangian Ana-
lysis of Continua)® FLAC& AH-g-30] 34 & 53
3 ct.

2 ot o Eajd 7EMe| 2xY B
ey

B odolAEe gub 1 Fla FRAG AT A4S
L&l 1999 Zell AAHEF Hd LPG 71AE R4
iAoz Qs clekst 2719 w3l v Fea
9] 2859 RS FAEE) Sidl 578 T2 ¥
A ZAlg 1 ERae] ARAE 5 WEA AT
N4-& S E=3 Fulaeh guke) HEoNA] ]l

(a) Symmetric

Fig. 2. Plug shapes and analysis points

(b) Upper asymmetric

Elslo] 9] o ghol] 3l aL2fEi e F2ke] Gl whE
el At AR HEH Kokl

2.1 sy =4

211 s mde] 4 g QledzA

A S fla) S AATES TP 2 F
R 2de AT AT 272 19 AAZ
Zo| Fig. 19 Ao ek s mmle] Asi7AlE A
3} 50 m~200 m, #-9-9] Z-& 50 mo|n] =9 AbEloj

M oy

Som - N EF IV TS

5om

B
o 2

13

oom oK)

~15m e

o= Ko,

;
o] Ko}
T T

T A Eo >

Fig. 1. Initial, boundary condition and model configu-
ration

m
(c) Lower asymmetric



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) 4.3
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
05 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) 35 3 35 35
200 m
Tensile stress (MPa) 0.548 0.677 0.52 0.52
Thickness (m) 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

terface condition] 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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