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Reliability Analysis for Underground Saltrock Gas Storage

under Different Gas Pressure
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Abstract: Energy storage is in great demand for the national strategy large-scale underground salt—rock storage
constructions have begun in China. Objective uncertainties cause unavoidable risk in underground saltrock gas stor—
age. Therefore it is very significant to develop an effective risk analysis technique in underground saltrock gas stor—
age. In this paper reliability-based stochastic mechanism method was used in risk analysis of Jintan underground sal—
trock gas storage the failure mode performance function was established the reliability index variation law of saltrock
gas storage was obtained under different gas pressure when the strength parameters were considered as the random pa—
rameters. The weak part of the gas storage was pointed out through calculations which can provided scientific basis
for gas storage safety operation.

Keywords: Jintan saltrock gas storage; reliability; stochastic finite element method; random factors; gas pres—

sure

( 1) 2010 15 (

1201042-97( )
(19763 ()
o E-mail: jiachao@ sdu. edu. ¢n

(973) ( 2009CB724607) ; ( 2009TS092)



2011 2 2717
2 x 10°m’)
100 ~ 120
>0 ~60 B =min(Y 'Y )T
3 x10° G(Y) =0 (1)
~6x10°t7% . ( ) 8
X*
g(X") g(X") #0 g(X) =¢
: (X) X
o ( ) X
g X)) >ele )
° ; g(X') <e
B o
> (1) X g
> (X) =0;
(2) X
Y.
‘ e Y = TX + B
. T ' B :
T B Rosenblatt ’
° Cram-Schmidt § :
(3) X X
Y9 =0
(4) VG(Y): VG
(Y) =T7'Vg(X);
° (5) o a=-VEG
(V) /V6(Y);
‘Ig, (6) a.a=6G(Y) /GY(Y);
| | (7) Y
- 1:,: % g Yy Y
1 000~1 500 m | T
Fl % il,ﬁ Y(k) Y(k) :Y(k) aa,
o #r
; i | % (8) :
W 0 ﬁﬁ - G( Y(k))
5 : 80~300 m iy ¥ Y(I”'l) — Y(k)”
Hi#: 50~100m i %T- ( a7 v G( Y1) e
LA 4| & (k1) .
= (9) X :
4 XU T_l( yUsn B)
! (10) BB= VY,
Fig. 1 Underground salt rock cavern formation diagram (11) g (X) ( G(Y)) s
’ f(X) >e @ e
(X) <e .



278

7
(10) .
’ Mohr-Coulomb
Taylor ( TSFEM) g(X) =c*cosp -0, *sing - J, sin( T _9 +
X=(X, X, ... X7 3
S““”-cos(e—%) =0 (11)
KU =F (2) A3
o = DBU (3) 1 70 Lode o
EU =K'F 1 3.8
N n ( ) Hz?.COSI(TyZS) (12)
Var U =, D, oU L1 Cov( X, X)) ’
i=1 j=1 0A; Ix_x an X=X 4
(5)
U F
300 m
K:EJQBDde B 2o
m
D E 70 m.30 m 700 m
Var Cov( X, X;) X, X; 2
o o Taylor 1/4
(4). (5) ° 53 246 48 890 .
10 Mohr-Coulomb
glo Xp)
E glo X) =gla Xy) (6)
U oog 9
Var glo X) =2, 25 % Coy o, o) +
i 00, 00;
98 08
2”_ ax, oy Cort X X) (7)
C X vo(i=12 ... 6)
o 6 o
(6). (7) 2
o Fig. 2 Numerical calculation model of Jintan salt rock cavern
2
E glo X))
B = (8) 3
VVar gl o X)) °
3
Table 3 Basic parameter of the formations
( GPa) (kg/m®) ( MPa) (°)
’ g( 7 XR) 7 20.91 0.232 2 351 4.14 24.0
o = D,BU’ (9) ' ' ' '
g( X) 5.15 0.312 2 199 4.17 41. 4
98 _ 98 do
daX; 9o dX,
(10)



2011 2 : 279

4.320e-+000

4 ° 3.319e+000

4 2.317e+000

1.315e+000
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Fig. 5 Reliability contours surrounding the cavern

under 5 MPa gas pressure
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Fig. 6 Reliability contours surrounding the cavern

under 10 MPa gas pressure
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Fig. 7 The relation curve between reliability index with
intrinsic gas pressure for the node at the middle of the cavern

Fig. 4 Reliability contours surrounding the cavern

under 3 MPa gas pressure
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Fig. 8 The relation curve between reliability index with

intrinsic gas pressure for the node at the top of the cavern.
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Fig. 9 The relation curve between reliability index with

intrinsic gas pressure for the node at the bottom of the cavern
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