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Abstract: According to the reality of bedded rock salt and clay interlayer for underground oil or gas storage
carven in China, considering the existing interface element between salt rock and weak interlayer, the interface
element taking nodal displacement and pore pressure as degree of freedom, is used to simulate the initiation,
propagation and fluid seepage of weak layers resulted from hydraulic damage. Based on the fluid-solid coupling
theory of porous fluid diffusion and deformation, the coupled damage model of dual media for salt rock with
formation interlayer is established. This model can depict the crack propagation process and reflect the seepage
flow of interface. Then, some numerical simulations are carried out to analyze the seepage and crack propagation
characteristics of high pressure fluid on interface between salt rock and clay. The results show that the fluid
pressure decreases along the interface element direction and the aperture of the opened fracture is fan-shaped
during the leakage process of high-pressure fluid along cavity surrounding rocks. It is concluded that the effects of
interface seepage on pressure distribution are very important. For the tightness and stability of the oil and gas
repository, the inner pressure of oil or gas repository should be controlled to avoid the oil and gas leakages on the
interface for salt rock with interlayer.
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Fig.1 Criterion of stress and displacement during damage
evolution of interface element
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el

et

PAEEROR/PA WAL BB REUmM s ) FLERE

#IGI (kg + m%)  FPERLE Pa MER/AYE4

BERIm s ALBUE

1.6x10%° 0.35

8.4x10°1° 0.01 2300

1.4x10%° 0.40 1.0x10°° 0.06

Frif

IR

EFINIEPa YT HIEE/Pa /P /P N-m?)

IR RIS R DR R
(N-m?

et fad  FHme R R
3 -1 -1
(M PaS ) kg e m®) FE(Pa )

8.5x10% 8.5x10% 3.2x10° 3.2x10° 2.8x10*

2.8x10* 2.284

5.88x10 1000 1.0x10°°




9314 i 1214

XA TR G B LAY * 2553«

POR
+1.7578+04
+1.671e+04
+1.586e+04

+81678+03
+7.3122+03

POR
+2.845e+04
+2.660e+04
+2.475e+04
+2.200e+04
+2.105e+04
+1.920e+04
+1.736e+04
+1.551e+04
+1.366e+04
+1.181e+04
+9.962e+03
+8.113e+03
+6.2652+03

POR
+1.983e+04
+1.860e+04
+1.754e+04
+1.640e+04
+1.525e+04
+1.411e+04
+1.206e+04
+1.181e+04
+1.067e+04
+9.524e2+03
+8.379e+03
+7.234e+03
+5.089e+03

POR
+2.010e+04
+1.891e+04
+1.771e+04
+1.551e+04
+1.532e+04
+1.412e+04
+1.293e+04
+1.173e+04
+1.053e+04
+9.338e+03
+3.142e+03
+6.546e+03
+5.750e+03

() JHZHT

(b)10s Jii

(c)20s Jii

(d)40s Jii

+2.129e+04
+2.000e+04
+1.872e+04
+1.743e+04
+1.614e+04
+1.486e+04
+1.357e+04
+1.228e+04
+1.100e+04
+9.709e+03
+8.422e+03
+7.136e+03
+5.848e+03

+2.172e+04
+2.04le+04
+1.909e+04
+1.778e+04
+1.646e+04
+1.515e+04
+1.383e+04
+1.252e+04
+1.120e+04
+9.889e+03
+8.574e+03
+7.258e+03
+3.943e+03

32r
30F
28
261

[
24+
22-/
20rm
18 /
16
14

12
10

FENIE J1/MPa

() 70s J&

(f)100s )i
KI5 R FLERE I /3 A (A7 kPa)
Fig.5 Distributions of pore pressure at different times(unit: kPa)

-g-8-8-8-0-0-0EN
——— _._....--I-I-I-I—I n-

1 1 Il L 1 1 L 1 L ]

8=
0 10

20 30 40 50 60 70 80 90 100 110
i1 /s

K6 fiff 2 BT 2RI N T g Bt P ) 2 A i 2k

Fig.6 Variation curve of injection pressure with time when

storage cavern interface raptures

B 7 I AE AR RE T, B AL E
T P FLBR IS s J= A AR A i 2. sl 7 /]
F, AR R R ARSI R, HiRaE
MBS IR, AERBRAR b i ik 21 fpe /s
B HEERIE T e JR TR e, 2
GEA TR, AW T IEY R, GENIE T

TR FUE



* 2554 « HA 1 TRER 2012 4
30r 121
28 poee 1.0 fOOO000000000,,
26 g 0.81
241 g 06
< =
S 2 ISy 204
S 20 PEEXXXXXVVVVY R o2
=g g 0
1 . & E
& 16 E-02
= 14 Bﬁ o4 $ e
12 -;{L}u —06 205
10 F 08 —A&— 405
8t Lenpunpnan ’ —*—60s
6 .,.f. - v L ! L ) ~1.0 fo 00000000007 —0—-90s
0 1 2 3 4 5 6 7 -12 :

BTk PR I 1 2 25 /m
K7 ANIRTIS 2L i o 2 S 1R 93 A1 2
Fig.7 Pore pressure distribution curves along rock interface
with time

Bl 8yl AP U AR 4 K T B2 L5 I TR 1) 5 2R b
2. M 8 AN, 1155 ZHT, FHIHEIITKRITEE LI
T¥E, TR AHIS R R
il PEIE AN ISR B, AR ), SRR 5K T
B I TR R IZ MG K, 100 s f A8kt Kk IT
JE2) 0 2.18 mm; AL ARREER)SKIT REAE 2 5d — B
I ) I i, R TR -

24r

22F y
20F ."‘r""

1.8F
1.6
1.4F
1.2F
1.0F

il //\fff

0.2F
0.0

HEEIRIT L /mm

0 1'0 2'0 3'0 4'0 5'0 6I() 7'0 8IO 9'0 1(')0 1;0
I a)/s
8 AR AT L TR T L 5N ) G &R ith 2k
Fig.8 Relationship curve of opening displacement of crack
around cavity with time

Bl 9 AR ZI1 J2 T T 24 4% 5 AR A th 2k
dE 9 W%, BHES IR, 48200 % e IE b AR
W, {ESHHFFRNB WY RIEE b, ST RssE
TR IKTT,  FUTHI/K J) 5488 0 5 A PH 2RI A (1)
PRE, AERESRBUT 24 4% 56 BE AR, i 25 T il PR Ml 1
PHESRR, 5% 50 BB HTAR /N B )R,
RN H A P W TR AR B AR, 20 s 5 4t
HIFZEREZ Jy 1.1 m, 40 s Ja SR EL N
2.4m, 60s 5 FHHHRREZ 4 3.8 m, 90 s 57t
TP L N 5.8 m, kAl WL, wfF AR A,
FHIHI T 2438 BB 1) OB AN 1] 2005

0.0 051.01.520253.0354.045505560657.0
A T 2 Jls AR PR B 5 /m
KO ANIRIIN 2 o St 2R s e A A i £k
Fig.9 \Variation curves of crack width of rock stratum interface
with time

4 &

(1) TR RO U RS IR R R
AR, SE 80 ARSI A e,
F2 T LW R AR AR 0 2 A e B R S
N T R SO B AL T R

(2) HIER)Z S RAFAE S 1T, HES T
JEAEITRE S KIZ SR T RE S g e L
LSBT R, RS T & R E A A O
ORI, 2R AT LU LR R ER A 2 S T2
PRSI -

(3) THHAIREN], mRFARIR S giE
FErP, WA B BRI, M2 SR A 5 TR AR
5KIT, BLL, AEuh U s E R, Rl T
FEAN BRI R, PR R S AR T
JEFHIG TN ), e 2 A RAREE, R
FRI AR B0 M AR E M . A SO B B AR
X FHITT RIS e et — 20 T R 9T .

S22 #k(References):

[1] POPP T, KERN H. Monitoring the state of microfracturing in rock salt
during deformation by combined measurements of permeability and P-
and S-wave velocities[J]. Physics and Chemistry of the Earth, Part A:
Solid Earth and Geodesy, 2000, 25(2): 149 - 154.

[2] POPP T, KERN H, SCHULZE O. Evolution of dilatancy and
permeability in rock salt during hydrostatic compaction and triaxial
deformation[J]. Journal of Geophysical Research, 2001, 106(B3):
4061 -4078.

[3] STORMONT J C. In-situ gas permeability measurements to delineate



H3LL: 12

B

A e e WA O S A BT 5

* 2555«

[4]

(5]

(6]

[’

(8]

damage in rock salt[J]. International Journal of Rock Mechanics and
Mining Sciences, 1997, 34(7): 1055 -1 064.

HOU Z M. Mechanical and hydraulic behavior of rock salt in the
excavation disturbed zone around underground facilities[J]. International
Journal of Rock Mechanics and Mining Sciences, 2003, 40(5): 725 - 738.
F 30 GRIEML, AL A PBIEREEDI[]. A L TR,
2005, 27(7): 746 - 749.(WU Wen, HOU Zhengmeng, YANG Chunhe.
Investigations on permeability of rock salt[J]. Chinese Journal of
Geotechnical Engineering, 2005, 27(7): 746 - 749.(in Chinese))
BOGRT, RABHTL, ABRSEAR, A ERRERE P I AT A [ e
IR B IERG R[] 1 J1%:, 2008, 29(3 1): 241 - 246.
(X1 Baoping, ZHAO Yangsheng, ZHAO Yanlin, et al. Investigation
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.1): 241 - 246.(in Chinese))

FUEM, (e, WG BRZ BB S AN EE D]
A 1S TRESEAR, 2009, 28(10): 2 068 - 2 073.(ZHOU Hongwei,
HE Jinming, WU Zhide. Permeability and meso-structure characteristics
of bedded salt rock[J]. Chinese Journal of Rock Mechanics and Engineering,
2009, 28(10): 2068 -2 073.(in Chinese))

B, B, BT ZAR S ) E R S s
TN HA J1%E S TR, 2008, 27(1): 22 - 27.(LIANG
Weiguo, YANG Chunhe, ZHAO Yangsheng. Physico-mechanical

properties and limit operation pressure of gas deposit bedded salt

[9]

[10]

[11]

[12]

rock[J]. Chinese Journal of Rock Mechanics and Engineering, 2008,
27(1): 22 - 27.(in Chinese))

PRIE, WSE, %, 45 &2 A i U RS E T
RO EA %5 TRYH, 2009, 28(7): 1 297 -1 304.(CHEN
Weizhong, TAN Xianjun, WU Guojun, et al. Research on gas seepage
law in laminated salt rock gas storage[J]. Chinese Journal of Rock
Mechanics and Engineering, 2009, 28(7): 1297 - 1 304.(in Chinese))
W, BRI, Ml & IR UL - B - ) - B
ViR G HBFIE[]. A1 J)%, 2009, 30(12): 3633 - 3 641.(TAN
Xianjun, CHEN Weizhong, YANG Jianping, et al. Study of THM-damage
coupling model of gas storage in salt rock with interlayer[J]. Rock and
Soil Mechanics, 2009, 30(12): 3633 - 3 641.(in Chinese))

Ti3EY. Boom Clay V58 - M) - Bt &R, S580x
5 TR I 224718 S0 [D]. i3 EREERa B 0 %
WEFTIT, 2009.(JIA Shanpo. Hydro-mechanical coupled creep damage
constitutive model of Boom clay, back analysis of model parameters
and its engineering application[Ph. D. Thesis][D]. Wuhan: Institute of
Rock and Soil Mechanics, Chinese Academy of Sciences, 2009.(in
Chinese))

OV, R HE 5T, A5 B JIRBUBIAHEN RIS HGEIR 0],
HUMESESE, 2011, 33(5): 714 - 718.(KOU Jianfeng, XU Fei, GUO
Jiaping, et al. Damage law of cohesive zone model and selection of the
model parameters[J]. Journal of Mechanical Strength, 2011, 33(5):

714 - 718.(in Chinese))



