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Influence of parameter uncertainty on stability of underground

water-sealed cavern
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(1. CNOOC Petrochemical Engineering Co., Ltd., Qingdao 266000, Shandong, China; 2. Liaoning Provincial Key Laboratory of
Deep Engineering and Intelligent Technology, Shenyang 110819, Liaoning, China)

Abstract: In order to analyze the impact of uncertainty in measuring the surrounding rock conditions in the reservoir area on the sta-
bility analysis of the surrounding rock, a three-dimensional numerical calculation model of caving was established using ANSYS/
FLAC™ based on a domestic underground water-sealed cavern project, and numerical simulation of the cave stability was carried out.
The displacement distribution, stress distribution and plastic zone distribution of surrounding rock were taken as the evaluation indi-
cators of stability, and the influence of physical and mechanical parameters of surrounding rock ( including elastic modulus,
Poisson’s ratio, density, internal friction angle, cohesion and tensile strength) and in-situ stress direction on the stability of sur-
rounding rock of cavern was analyzed. By changing the size of the physical and mechanical parameters of the surrounding rock and
the direction of the stress field, the study on the stability of the surrounding rock of underground water sealed caverns was carried out
considering the uncertainty of the physical and mechanical parameters of the surrounding rock and the direction of the main stress.
The numerical simulation results showed that when the physical and mechanical parameters of the surrounding rock decreased by
10% , the displacement of the surrounding rock increased significantly. When the direction of the in-situ stress changed by 10%, the
displacement of the surrounding rock would increase. It showed that the change of physical and mechanical parameters of surrounding
rock had a greater impact on the stability, and it verified that the strike of the main cavern should be parallel to the direction of crus-
tal stress.

Keywords: underground water-sealed storage cavern; stability; physical and mechanical parameter of surrounding rock; in-situ

stress direction; uncertainty
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Table 1 Physical and mechanical parameters in numerical simulation

" PR . I/ JESEfR/ FhE 1/ PihismE/
ik GPa AL (kg-m™) (°) MPa MPa
XA R AR A 4.77 0.31 2 450 29.5 0.76 0.84
MR =K A XA 34.50 0.20 2 620 38.7 1.57 1.10
W P, P, P, 1.30 0.35 2300 24.0 0.35 0.40
TR T 5.00 0.30 2 500 30.6 0.81 0.89
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Table 3 The maximum principal stress of cavern surrounding rock at x=330 m
; RN J1/MPa
TGS — ; , ,
W2 W3 B 4 WA s MR e MR 7 WA 1 8
11# 7.28 8.89 12.62 9.89 8.43 10.86 8.29 8.47
12# 6.13 11.24 13.77 8.92 9.55 10.26 9.40 6.92
13# 5.69 9.48 12.17 7.55 8.62 9.07 9.72 7.81
14# 6.08 6.75 10.54 4.30 6.61 4.48 6.90 4.79
15# 4.17 2.28 4.43 1.88 2.94 4.18 3.72 3.22
16# 2.81 1.91 2.25 3.07 2.38 5.14 4.92 3.73
17# 2.67 2.55 2.15 5.73 2.56 9.26 5.15 5.83
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Table 4 Physical and mechanical parameters in numerical simulation under condition 2

ik AR R/ GPa TAPALE B/ (kg-m™) EEEM/(°)  FES1/MPa bR &/ MPa
R AR 4.77 0.31 2 450 29.5 0.76 0.84
WA R ALK A 37.90 0.22 2 882 42.6 1.72 1.21
WiwEH? P, P, P, 1.30 0.35 2 300 24.0 0.35 0.40
REELEE i 5.00 0.30 2 500 30.6 0.81 0.89

F5 T3 BUEAE SR
Table 5 Physical and mechanical parameters in numerical simulation under condition 3

ik MR/ GPa AR W/ (kg-m™)  EEEM/ () FES1/MPa BihiiR &/ MPa
XA R AR A 4.71 0.31 2 450 29.5 0.76 0.84
WL = KA R 31.00 0.18 2 358 34.8 1.41 0.99
ety P, (P, Py 1.30 0.35 2 300 24.0 0.35 0.40
IR T 5.00 0.30 2 500 30.6 0.81 0.89
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