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Numerical simulation research on ground subsidence
after salt cavern gas storage collapsing
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(1. Key Laboratory for the Exploitation of Southwestern Resources & the Environmental Disaster Control Engineering, Ministry of Education,
Chongqing University, Chongqing 400044, China; 2. Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China)

Abstract: Salt cavern gas storage plays an irreplaceable role in shaving natural gas peak and ensuring the safety of gas supply. But
when the design life of salt caverns gas storage is over, it will be discarded and finally collapse, which would cause serious ground
subsidence. It is very important to find the rule of the ground subsidence. Considering the deficiency of the present numerical analysis
software in analyzing the ground subsidence, 2D-Sink, the special software which is used in numerical simulation of the ground
subsidence after the damage of the salt cavern gas storage has been developed. And the software has the function of dealing with the
broken rock. Through operating the 2D-Sink, 6 numerical models are built. The rules of the bedding effect, rock inclined effect; fault
effect and ground subsidence of multi-cavern have been studied. To compare the ground subsidence curves of multi-cavern with the
superposition ground subsidence curves of single cavern, it is proved that the superposition principle of ground subsidence is correct.
The research results can provide one of the basic theories for the control of ground subsidence disaster after the salt cavern gas
storages have been discarded.
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Table 1 Parameters of physico-mechanical properties of rocks
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Fig.4 The grid of single cavern model with fault

B5 ZEMEEE
Fig.5 The grid of multi-cavern

(2) JAF5AF

o TR Ay, B B AUR AR N
H A S SR AT PR B R 7RI, 3R 7R
HK AR I man] LIASTE, Ak, SHXpidoin b
A7 W B L B R B R 1 A T
PRERS MR LOARTE, R, R b2 B 1
SELIR . SRR R AT K R, 2] R 7R
I 41152 Al (=S IR P 2F < /A 0 ) ) @ 5 8
BRI 4 WL 6,

&7

> Fos b3
r L

B 6 AN M
Fig.6 The boundary condition of model

(3) Wr=abs

Wt — AL R T Sy, PSS A R AL AT A5
Pho AL ERFFWTE XS HOER DA R, K
Wi 2 AT AN S S T, T ARG Rk o o AT A
o

(4) B AP BRI S B e

A SCEGAE BEAUAIT T 5 775 1 5 AR ) d 4478
TEAEDL, R, B Pkl B s K 4iREs, M
TBCE J2 B RS A, AR (2) ik R4k
k W 135, 3 () iy ¢ BOERRK, Bl p=
24¢g/em®, E=190 MPa, u=025.

(5) ER7CH L L

GRS TR NDEe S B R VAN vt ) 27 NN /A
IR I $h 7 s KIS B, AN #h 700> 3 DA
Wi, B3 AIHED, REDW IR 60 m, JLHFIR
180 m, WS 45° o B 7 GRS 3 Ui
T ER T

B7 EESPIWEBRER

Fig.7 The cavern resulting from the multi-stage excavation

3.3 HEEUL RS
3.3.1 HhERYTIAZERL N o #T

JEEE A SRS, RS R
A Hzm, 2 E s EA R RS . 1
AT HBR TG M, WRAE G, PMHARS
NGk, DR IE SR TSR PR G D
&, TEER7EIR I RE T, HSTE HAE R R
B AR a8 G, ARSI A AN
SRS TEAAT, IXFEAN T I G b3 v SR 2
Forb B R IS AE BB S B T A T R B (]
8). DA, FEREAT A7 B O BB AU I 0 20 5 S8 2 3

BEES/ m
-120 -60 0 60 120
-0.85 T T T T
. - == - EH R UL
= 095 N =7
&
=2 ~1.00

-1.05
-1.10

B8 FHEARETREERNTE

Fig.8 The absciss layer during excavation

FE LG LR, EED R DR+
B, ARG R, 5% 82,
o FHILRS P A AR KR o 78 [RURE (0 1 2 RN il £ 1
T, HREJE R R R U R iR KK
SEREA A 0.181 m AT 0.073 m, TIAN% K22 FHIH)
THELEEHY 04 0.158 m A1 0.055 m. 28 2 B H T
FEDL T 3 A TP KT AR . AL
FH, WG THE SN, EEL R
A% I8 B 2 U B KR 2 .



ERVE fE RASE: ERUCRE PR RIOA 5 MR TR A BB LT T 3599

K2 BERENALERENARKTIE
ABAAKFALBAE (A2 m)
Table 2 The max vertical and the max horizontal
displacements of the model with bedding and the model
without bedding (unit: m)

#15 oL %30

FUUE B FUUE MBE NUUE BE

Egr5yAsc 0.032 0.013 0.097 0.039 0.181 0.073
ANEIGEE 0.029 0.011 0.085 0.032 0.158 0.055

b VLI 1 2 BRI mT ARBRE R

AR E B SR T IEAARNIEE, %
HEH, FEAEMSTIAEZR G —RA )
—ANEFERORI AR, BT IR, I RAKIEE
IRK, WIEE R SRS A5 245 3 1 ke ad
BB REEMEM, Eraih. fae sibRrem
KARPE By THUER FUUE /N DA, fEsfidE
BiEIUEA B &, HAREZEMARITH
SRRAR B R T DUEE S N T TR S
WEZELUG, AT R R REK A G a2 3
Iy RUAN WIS/ N I3, WIBEZNT, LEARTRI
AT, s AR KR R BOE 5 TR AGHE IR,
HER AR I AH R K
3.3.2 MR YT FAIURL SN 73 A

Bl 9~11 20514 0°  15° A1 30° fHifis)2
R HZR T T 2R S th 2 1]

PE P/ m PE P/ m

-400-200 0 200 400 =400 -200 0
T T T T T 0.08 I T

200 400

0.05 7

1—55 BT

1 0.04 2—5 235 T

E-005 E 3—H 3T
% -0.10 % ‘ 1

-0.15 004

020 -0.08

(@) HFFUL
B9 KPERMETUIRATALE LR

Fig.9 The vertical and horizontal displacement curves
of horizontal terrane

(b) KA

PE P/ m
-400-200 0 200 400

PE P/ m

-400 -200 0 200 400

004 ———————— 0.12 —
0 1 0.08 141 JL/ %4

g-0.04 £ 22T

F-008 & 0.04 3—45 3T

Eon = l
-0.16 -0.04
-0.20 -0.08

(a) HE T

(b) HKPAH%
B 10 15° BUAHR TUAATFALE iz
Fig.10 The vertical and horizontal displacement curves
of 15-degree terrane

PE P/ m
-400-200 0 200 400

PER/ m
-400 -200 O
0.08 T

200 400
0.02

1—55 15T

-0.02 ! :
0.04 245 20T
g—om B om 3—45 3BT
¥ 0 1
1=-0.10
=2 = o0
-0.14 -0.04

-0.18

(a) MK L
11 30° AR T YIRAKFEAAE Lk
Fig.11 The vertical and horizontal displacement curves
of 30-degree terrane

(b) KA

M AT CA S Y, R i K R UUEA & 1 R
g ks, 15° B 3 SDWE bl s 5 43 7l ok
8.06. 16.13. 24.19m; 30° FEHY 3 By ()0 #%
b 83.3. 89.74. 96.15 m. A ULIGUAR S P () 184 K mk
RS, A R EURE R=HIN; KPAL
BAE Py mfse KA Bl ok, 150 i 3
ATy MIAEZE 0.002. 0.004. 0.018 m; 30° A%
3 B T4 BIARZE 0.015. 0.022. 0.028 m. AJ WLIH
AR5 L1 K Bl A 38K, R B A R 3G
15° BRI FUUEA 0.175 m, H KK
fE 4 0.080 m; 30° BLAY¥H K FUUEA 0.140 m,
T KACERIEAE A 0.108 m, 7] WL 5210 £ 1)
Hahn, MmO N UTEE R, 1R s KK
ARG
3.3.3 HRUCFE W E RN 4

Bl 12 h &AW 2 A e I th Rk
RS Lk e

BB/ m BB/ m
-400-200 0 200 400 -400 -200 0 200 400
0.05 ——T—— 0.08 | . —
0 1—55 1B IT9%
1 0.04 2—H 20 ITHZ
£-0.05 g 3—38 35T
&-0.10 £ 0 1
Bo.s =

-0.04

-0.08

(a) K T
B 12 BRERAMR T YT ik
Fig.12 The vertical and horizontal displacement curves
of the model with fault

(b) KPR

ATLLE R, W E XRG4y 3%
3 DU R B KR UUE A 0,033 0.099.
0.194 m; 55 KK B A TC W2 7 1 A
0.013. 0.035. 0.067 m, HWiJZM77 M 4-0.007-
-0.03. -0.062 m, PNILA—EZ=MH, HWiE M
AP SHEWEACT R, W2 518
R FUUEIR, AT o R W72 A7



3600 Z- R S - 2009 4
AR R T LA A T E 7 T RS, AP S/ m iR/ m
[0 S FEIHE T7 RS, LI B e T — 01 0 0 DN g 2% 0 0 o
31, Mo S PR AT B A N ! 002
IR 0 i th ) JET 2y i (S : 02 s
33.4 ZHTIRIIE BT iy =01

13 Dk 4 AR 7CHRIN T 8 F T 2 o s

FARPALRS M4k, n] W TEAR 5 5 25 7R I AL,
HEHERARZ . ML T, 237088 3
AU B K R UUE 390k 0.0794 0.254. 0.56 m,
E B k7 ik 2.5, 2,64 3.1 1% = IHEHIE
B RIKERIREAE 23 91 41+0.029, +0.094, +0.205 m,
ELHLER IR 2,20 2,40 2.8 1.

PEP/ m
-800-400 0 400 800

PE P/ m

-800 -400 0 400 800

0.1 T T T T T 0.25 T T T T

0 ] ols 1= LT

ol - 25 2B
E E (05 3—H 3WTHE
£ 03 !
B 127005

0.4 ’

05 -0.15

0.6 -0.25

(a) MK T
B 13 ZETHR TUIRIAKPALE iz
Fig.13 The vertical and horizontal displacement curves
of the multi-cavern model

(b) KA

HABHUETER oK, 28RN, ERTTR
SR R A 2 M ILBR AT 2. P 14 g T
B 115 m AR 2 R DUIZRRUKCS A8 thek, P
Y L] R SIS o (HIX LG 2 B A B TR
S TSR T 2K 22 PR B0 3 7 AR i 2o
Bl 15 g CTBR b 221 m AR R BT RK P AL
Bk, XN, FUTEMRBEIEAN K, MiKF
PSR AT —E e . AT E 225 m ik (P
160, ZEE7GERIMANA TR K, H R BB AL
T IR B h 7T RANBL - AL, 224k 7k
RSB BOR WG, KL Bh 7R LR
15 48, HIAKTB7 S 35 30 70 Rl L T A7 % FA0 5
K.

Hi§/ m

-500-250 0 250 500
0.1 T T T T T 0.04

PE P/ m
-500 -250 O

250 500

1—45 1BTHE
2—55 2T
oq L o004 35 3BT
(a) MK T (b) KPR
B 14 2R L 115 m A FUTRKPALES HLR
Fig.14 The vertical and horizontal displacement curves
of the layer that is 115 m up the roof

(@) HFFUL (b) KTHE
B 15 BRI L 221 m 4 FUTRIAPALR ik

Fig.15 The vertical and horizontal displacement curves
of the layer that is 221 m up the roof

BB/ m PE P/ m
-620-310 0 310 620 -620 -310 0 310 620
0.1 T T T T T 0.04 "

0.02

g

E 0

S

-0.02

-0.04

(a) MK L
B 16 £ IR b 255 m &b FYTRIAKERLES 2k
Fig.16 The vertical and horizontal displacement curves
of the layer that is 255 m up the roof

(b) KA

3.3.5 MERPIRAE N B
HE M4 P52 A D 20 O, e A
IOV, S T UL ALK
B, BB RN,
Btk T LI TR W (), A%
S T U TR
W)= S W, (1) (5)

e n ERTECR [ i AP R AR
PRICTERES .

K17 S 4 AR R T D 2t gk
AR I Eedi o (5) B nJE A B3R N2
WA L, KEA1S 4 3h7 R R i
AR PR hZe (K 13) BHATEER, ATBLUARIR
ENRTEAR L8 K MU SE AR 0.56 m,

HiBS/ m HiBS/ m

-800-400 0 400 800 -800 -400 0 400 800
0.1 T T T T . T T T

-0.1
£-02
F-03
204
-0.5
-0.6

(a) X TV
B 17 4B ERTUERIB NG B R UL
Fig.17 The vertical and horizontal displacement
superposition curve of four single cavern

(b) KA



512 4 £

H%

B R RO R DR LR BB UL 5T

3601

BRARACT R AEAR A, A% 0.005 mo A]
BB EGEIERT, 2 57 R A 2k
CINPVEE &5 VAN 27N LR A kS =9 I G

4 i w

2 18 B H A R 2> B R HEAT R TR
B, ASOFR T T8 7l R e ik
DU AT IR T L P F——2D-Sink, %K
PEEAT T AL PR A BRI RE S SRJR ] 2D-Sink
X ER 7RI 5 IR O R AT T R SE
JU, 927 LUR 28458

(1) JRBERAFAERR T EAE 2 R RN E
Pk, JEE AR DR o)

(2) HFRYTRE A BERY LA W] S S J2 0
IINE DN L2 S N /A N T T K
¥, I MR R EUK PRI AE R 7 ) B R K
e UPACESONIER

(3) MRV WIE BN LR 3 . AEWTZ I
SR, MR A AT P IL B B KA RS AE AT — e 22
{H, AWRTT R AT BN

(4) ZERTHIRTE IR ALY th 2B AR S 5
bR TE I LR AR T - T IRAR L, HE{ER
%;
(5) ZERTCOIRN, FERRTIR — € B 2
W LR AT i 2, e sh R R IK S M K
L0 3T B 15 A8 JF HAKPREAS IR s [l EL
3 ELA A BB v K

(6) 2 #h IR R A 1 2 mT LU 2R 7T
TR I R AT ih 2 B A 21

2 % 3 MR

[11 #fh, FEH=, Dace. BT i SEDR M K R
FAE[I). WAEIZ, 2007, 26(6): 15—19.
YANG Wei, WANG Xuemei, MA Chengrong. Under-

=+

d E

ground gas storage status quo and development
worldwide[J]. Oil & Gas Storage and Transportation,
2007, 26(6): 15—19.

[2] MICHAEL S BRUNO, MAURICE B. Geomechanical
analysis of pressure for thin bedded salt caverns[J].
Dusseault Technologies USA Inc, 2003, (10): 220—225.

[3] THOMS R L, GEHLE R M. A brief history of salt cavern
use[C]//8th World Salt Symposium. The hague: [s. n.], 2000.

[4] OTTO SCHULZE, TILL POPP, HARTMUT KERN.
Development of damage and permeability in deforming

rock salt[J]. Engineering Geology, 2001, 61(2-3): 163—

(3]

(6]

[7]

[10]

(11]

180.

ARERA, RXBHTE, BIEAR. ERER A il K IE AT ik
A AR R KB B IR T[] A 1%, 2008,
29(1%): 241 —246.

XI Bao-ping, ZHAO Yang-sheng, ZHAO Yan-lin. Inves-
tigation on rheodestruction and permeability of
surrounding rock for long-term running storage cavern in
bedded rock salt[J]. Rock and Soil Mechanics, 2008,
29(Supp.): 241—246.

TR T EIAT R v VA SO M i ROR D]
MBS, 2008, 27(12): 42—46

DING lJiang-lin. Reconstruction of existing salt-caverns
into underground gas storage[J]. Oil & Gas Storage,
2008, 27(12): 42—46.

FOOA, W2, ZEET. Hh U R B AR I
R RAATLL, 2008, 28(4): 105—107.

YUAN Guang-jie, TIAN Zhong-lan, YUAN Jin-ping.
Influence factors of sealing property of salt cavern gas
storage[J]. Natural Gas Industry, 2008, 28(4):105—
107.

PR, BRR, FILOHE. RGO R R
FFRIEERIT]. B 2441, 2007, 32(5): 490—493.
SUN Xue-yang, XIA Yu-cheng, BAI Hong-mei.
Numerical simulation of control of fold structures on
mining subsidence[J]. Journal of China Coal Society,
2007, 32(5): 490—493.

S, HE, REE. A RRITIEAETERUTIE T R
MR C7 TREEARKZE2R, 2003, 22(2): 176—178.
TANG You-chi, CAO Zai-xue, ZHU Jian-jun. Application
of ANSYS in the mining surface subsidence[J]. Journal
of Liaoning Technical University, 2003, 22(2): 176—
178.

FEYE, AR, BREISC. SRE E i IR
SEVEIM T EUERI]. 077, 2006, 27(6): 869—874.
YIN Xue-ying, YANG Chun-he, CHEN Jian-wen.
Numerical simulation research on long-term stability of
gas storage in Jintan Salt Mine[J]. Rock and Seil
Mechanics, 2006, 27(6): 869 —874.

8, #8H, MG 2% AR AR IO N ik R R
BEUBEIEN]. PURIATIHOR 244, 2007, 29(4): 92—94.
FU Yu, GUO Xiao, DU Zhi-ming. Numerical simulation
research on underground gas storage considering fracture
of Southwest Petroleum

deformation[J]. Journal

University, 2007, 29(4): 92—94.

THEE 3606 1T



E2

71

2 2009 4F

[12]

[13]

SRME, P, BSSEAR. XUEE A O A B e 5k
JEER TSR], R 2R AR B A)
2009, 40(1): 217—224.

ZHANG Yao-ping, CAO Ping, ZHAO Yan-lin. Dual
media model for solid-gas coupling and gas seepage in
rock salt natural gas storage with inter-layers[J]. Journal
of Central South University (Science and Technology),
2009, 40(1): 217—224.

BETT, AR KR B VA RS 3 kR TL
o KL TRENI ] VT4, 2007, 24(3): 370

[14]

—374.

LI Bao-yuan, REN Liang. Improvement of moving mesh
method in solving seepage problem with free surface and
its application[J]. Chinese Journal of Computational
Mechanics, 2007, 24(3): 370—374.

AR, S0P, GHA- ST e £ & 5)3)
AR HEIED]. P EIE, 1999, 8(6): 58— 60.
CUI Xi-min, MIAO Xie-xing, JIN Ri-ping. Time based
computation of surface movement process[J]. China

Mining Magazine, 2007, 24(3): 370—374.



