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VOLUME SHRINKAGE RISK ANALYSIS OF SALT ROCK CAVERN GAS
STORAGE BASED ON RELIABILITY METHOD
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Abstract Effective volume reduction resulted by cavern shrinkage is one of the common risk types in the
operation phase of salt cavern gas storage. Cavern shrinkage risk will lead to damage or collapse of cavern wall
rock even serious accidents. Aimed at the possible cavern shrinkage risk during operation phase of salt cavern gas
storage volumetric shrinkage formula of steady state creep phase is derived on the condition of spherical cavern
with constant internal pressure in the limitless and ideal salt rock. Combined with the cavern shrinkage risk
classification of salt cavern gas storage the limit state equation of cavern volume shrinkage is created. On the
assumption that every random variable in the limit state equation follows normal distribution probability of risk
occurrence under different levels is calculated using reliability analysis. Then the change regularity of
stress-difference between grostress and internal pressure and risk probability of every level is analyzed. Lastly the
elastic deformation initial creep deformation and accelerated creep deformation are taken into consideration and
the calculations result is discussed. The research results can provide theoretical reference for the operation
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management of salt cavern gas storage.
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Fig.1 Mechanical model of spherical cavern in salt rock
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Table 2 Random variable and distribution characteristics
parameters of cavern shrinkage reliability Table 3 Cavern shrinkage reliability indices and failure
computation probability under different internal pressures
AMPa 3% -a 't n Po/MPa P/MPa
6x10 ° 3.50 230 8 1012 14 16 P/MPa (Ps P)/MPa 1%
0.1 0.10 0.2 0.1 | 32126 99.93
6x10 7 0.35 46 081121416 g 5 I 0.554 6 71.04
I 0.108 2 45.69
v 0.618 0 26.83
| 2.7616 99.71
r a7 I 0.090 4 53.60
3| 3 10 13
_E Z(Po -p) I 0.605 3 27.25
., v 1.1640 12.22
3 3
=A|=—(p,—p,) | 2.3139 98.97
2 | 2n
Ve(d n p, p)= (15) b u I 0.367 4 35.67
9 [3 i 1l 10998 1357
——A| —(p,— )
4 | 2n v 17231 4.24
n-1 | 1.8718 96.94
9 3
4= _
4 [Zn (P Pt)} | " . I 0.816 5 20.71
[25] I 1.590 5 5.59
v 2.3051 1.06
Matlab
| 1.4373 92.47
8 10 12 14 16 MPa
I 1.254 8 10.48
15 13 11 9 16 7
I 2.076 3 1.89
7 MPa [ I I I | I AV
v — 0.00
3
2
2 4 (1)
0.05 0.05 0.10 0.05 ( 3)
4
0.15 0.15 0.30 0.15 = —e—lI
—a— ||l —v—IV

3.4

2 Fig.3 Risk of the same level occurrence probability under
different stress-differences between grostress and
internal pressure



2012

* 3678 ¢
| v
13 11 9 MPa |
| I I AV i m v
| 7 MPa
90% |
1 92.47%
10.48% i v
I Il 2%
7
MPa 15 MPa il
10.48% 1.89% 71.04% 45.69% i v |
v
v
15 13 MPa 4
26.83% 12.22%
11 MPa 5%
1
v
)
4 1
¢ 9 £ = (02 - 20107)
—=—15 MPa E (16)
100 —e—13MPa e 1 e e
o —a—11 MPa & =—[1- o7 — uoy]
- ——9MPa E
—<—7 MPa
.l @ @
8 3 @) (16)
251 a )
_O-f =Dyt (pt - po)[_J
0 r
[ I m v ,
. 1 a
4 0y =Dy _E(pt _po) 7 (17)
e l+u a®
Fig.4 Risk of different level occurrence probabilities under u, = _ﬁ(po - Pt)r—z
the same stress-difference between grostress and
internal pressure #=0.3 E=13000 MPa
p, =8 MPa P, =23MPa
r=a
u? =-75%x10"a (18)

15 MPa



31

N

* 3679«

2,,0
AV :_—4;““ % _ 0,002 25=0.225%
V S
3

(19)

2

[26]

3
30 a

(1)

(2) I
90%

[1

[2

(3]

(4

[5]

[6]

[7]

ORI

@) IV

()

(References)

[M].
2009 76.(YANG Chunhe LI Yinping CHEN Feng.
Mechanics theory and engineering of bedded salt rock[M]. Beijing
Science Press 2009 76.(in Chinese))
/
[41. 2011 32(6)

YANG Chunhe

1 787—1 793.(JING
Wenjun CHEN Feng. Risk assessment of salt
cavern oil/gas storage based on accident statistical analysis[J]. Rock
and Soil Mechanics 2011 32(6) 1 787—1 793.(in Chinese))
EVANS D J. An appraisal of underground gas storage technologies
and incidents for the development of risk assessment methodology[R].
Nottingham British  British Geological Survey 2008.

BEREST P BROUARD B. Safety of salt caverns used for underground
storage[J]. Oil and Gas Science and Technology 2003 58(3) 361—384.
THOMS RL GEHLE R M. A brief history of salt cavern use[C]//
Proceedings of the 8th World Salt Symposium. [S.I.] [s.n.] 2000
207—214.

EHGARTNER B NEAL J HINKEBEIN T. Gas releases from

salt[R]. Albuquerque NM Sandia National Laboratories 1998.

L.
2010 29(12) 2410—2 419.(ZHANG Qiangyong CHEN
Xuguang

ZHANG Ning et al. Large scale three-dimensional



* 3680

2012

8l

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

geomechanical model test of gas injection and extraction process for
salt rock gas storage under condition of alternating gas pressure
risk[J]. Chinese Journal of Rock Mechanics and Engineering 2010
29(12) 2 410—2 419.(in Chinese))

[41. 2011 32(5) 1 479—1 484.(JIA
Chao LIU Jiatao ZHANG Qiangyong et al. Time-variant reliability
calculation and risk analysis for salt rock gas storage during
operation time[J]. Rock and Soil Mechanics 2011 32(5) 1 479—
1 484.(in Chinese))

[9]. 2009 30(12) 3621—3626.(JIAChao ZHANG
Qiangyong ZHANG Ning et al. Preliminary research of risk
classification for underground salt rock gas storage[J]. Rock and
Soil Mechanics 2009 30(12) 3621—3 626.(in Chinese))

[9]. 2010 32(9) 76—
79.(LIU Jian SONG Juan ZHANG Qiangyong et al. Estimation of
material parameters probability distribution and analysis of system

reliability for underground deposit[J]. Journal of Wuhan University

of Technology 2010 32(9) 76—79.(in Chinese))

/
[J1. 2011 32(6) 1 787—1 793.(JING
Wenjun YANG Chunhe CHEN Feng. Risk assessment of salt

cavern oil/gas storage based on accident statistical analysis[J]. Rock

and Soil Mechanics 2011 32(6) 1 787—1 793.(in Chinese))

[41. 2012 33(6) 1 869—1 875.(JING
Wenjun YANG Chunhe CHEN Feng et al. Oil and gas leakage risk
analysis of underground storage caverns in bedded salt rock using
fault tree analysis[J]. Rock and Soil Mechanics 2012 33(6) 1 869—
1 875.(in Chinese))

[41. 2011 32( 2) 544—550.(JING
Wenjun YANG Chunhe KONG Junfeng et al. Risk analysis of
ground subsidence accidents caused by underground storage caverns
in salt rock[J]. Rock and Soil Mechanics 2011 32(Supp.2) 544—
550.(in Chinese))
CHAN K S BODNER S R FOSSUM A F et al. A damage
mechanics treatment of creep failure in rock salt[J]. International
1997 6(2) 121—152.

[

2005 27(7) 746—749.(WU Wen HOU Zhengmeng YANG

Journal of Damage Mechanics

Chunhe. Investigations on permeability of rock salt[J]. Chinese
Journal of Geotechnical Engineering 2005 27(7) 746—749.(in
Chinese))

LI Y P YANG C H. On fracture saturation in layered rocks[J].
International Journal of Rock Mechanics and Mining Sciences

2007 44(6) 936—941.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[9.
2005 27(5) 559—561.(GAO Xiaoping YANG Chunhe
WU Wen. Experimental studies on time depended properties of rock
salt[J]. Chinese Journal of Geotechnical Engineering 2005 27(5)
559—561.(in Chinese))
CHAN KS BRODSKY NS FOSSUMAF et al. Damage-induced
non-associated inelastic flow in rock salt[J]. International Journal of
Plasticity 1994 10(6) 623—642.
HEUSERMANN S ROLFS O SCHMIDT U. Nonlinear finite
element analysis of solution mined storage caverns in rock salt using
the LUBBY2 constitutive model[J]. Computers and Structures
2003 (8/11) 629—638.
[91.
2007 26(2) 391—396.(FAN Qingzhong GAO Yanfa.
Study on creep properties and nonlinear creep model of soft rock[J].
Chinese Journal of Rock Mechanics and Engineering 2007 26(2)
391—396.(in Chinese))

[1. 2005 24(24) 4 409—4 417.(YANG
Chunhe LIANG Weiguo WEI Donghou et al. Investigation on
possibility of energy storage in salt rock in China[J]. Chinese Journal
of Rock Mechanics and Engineering 2005 24(24) 4 409—4 417.(in

Chinese))

1. 2006 27(6) 869—874.(YIN Xueying
YANG Chunhe CHEN Jianwen. Numerical simulation research on
long-term stability of gas storage in Jintan salt mine[J]. Rock and

Soil Mechanics 2006 27(6) 869—874.(in Chinese))

1.

2008 4(1) 80—84.(DING Guosheng
YANG Chunhe ZHANG Baoping et al. Shrinkage analysis of salt
cavern storage[J]. Chinese Journal of Underground Space and

Engineering 2008 4(1) 80—84.(in Chinese))

[J]. 2009 10(6)
604—609.(MA Linjian LIU Xinyu MA Shuna et al. Numerical
analysis of in-situ ground stress in deep rock salt stratum containing
mudstone inter-layers[J]. Journal of PLA University of Science and
Technology Natural Science 2009 10(6) 604—609.(in
Chinese))

— [M].

2009 22—26.(ZHANG Ming. Structural reliability analysis—
methods and procedures[M]. Beijing Science Press 2009 22—
26.(in Chinese))

[
2002 21(11) 1602—1 604.(YANG Chunhe CHEN
Feng ZENG Yijin. Investigation on creep damage constitutive
theory of salt rock[J]. Chinese Journal of Rock Mechanics and

Engineering 2002 21(11) 1602—1 604.(in Chinese))



