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Dynamic stability evaluation of submarine slopes with hydrate reservoir
under influences of heat injection exploitation

NIAN Ting-kai, SONG Xiao-long, ZHANG Hao, RONG Ze
(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: The heat injection exploitation will destroy the temperature and pressure balance of hydrate reservoirs, cause hydrate
dissociation, lead to the dramatic increase of pore pressure of strata, and then induce the instability of submarine slopes along
the hydrate reservoirs or even a large-scale submarine landslide. Therefore, it is very important to investigate the dynamic
response of the hydrate reservoirs and the real-time stability of the submarine slopes after environmental changes. First, a
solving equation for calculating the real-time excess pore pressure considering thermo-hydro-chemical (THC) coupling is
derived, and the internal relation between the hydrate saturation and the excess pore pressure is also established. Further, a
simplified evaluation approach for the dynamic stability of the submarine slopes under the influences of heat injection
exploitation of the hydrate reservoirs is proposed based on the theory of infinite slope limit equilibrium analysis, and the
corresponding numerical simulation and calculation code are developed. This approach is employed to analyze the submarine
slope in the second hydrate extraction area on the northern continental slope of the South China Sea. The evolution
characteristics of the submarine slopes in the process of heat injection exploitation of the hydrate reservoirs, such as the
temperature profile, hydrate saturation profile and dynamic stability factors, are explored, and the reasonable mining
suggestions are put forward. The research results provide an important basis for understanding the mechanism of instability of
submarine slopes caused by hydrate dissociation, realizing the safe and sustainable development of the hydrate reservoirs and
the scientific assessment of marine geological disaster risks.
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Fig. 4 Schematic diagram of change path of stratum temperature

caused by hydrate heat injection exploitation
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Fig. 5 Comparison of evolution curves of hydrate saturation

profile

2 BRMEESSRETN A
BRIP4 77 Y (LEMYB 2 P T A 0 R i
PEVPAY, e H T B KT ULV IR 1 TE R o
MG TRMRIHA R, K EHOK SR S R
PATSAR, TR R R E A 2 R Y,
BRI R AL A B L2 KA R AR

EHBTRE (B 6 (a)). HEHIFREMT, K
P K S UE R, K E 53 T2
RETEW BN, F DAL XA R R A T R e TV
Wik 6 Fizw.

1|

- 7](%231:;’%#

(a) 2ERBFHHE RN EE

’
-0

(b) 1 HI7ERAL N Sh i dL IR R
6 KREYFFRFM T HESERFUKRE TN R EE
Fig. 6 Schematic diagram of stability evaluation of typical
submarine slope under influences of hydrate exploitation
IRYE IRV M7, HE RPN AR B 2 4 R 4
ST B L UBY o BE A BT N ) (LU A,

[za
F; = ’ (20)
[zl
b, T, T IR B T AL BURR W A B BY 5 5 A
YN J7, dl REITHEANKE, A EE R T [
)71 2 P4, AILLSH:

T =c'+o tang'=c'+(c —u,)tang’',  (21)

T, =y'Hsinacosa (22)
b, o NERANEEEM, o N EBEBABL ) op=
c-u,, o NEFEE o=y Heos*a , y' AU
BREE, H NEHRE, NIBWIERE R, K
G i S ETTRYIIR S SR S5, T SBE RS
BEAIREY 30, X BB R 3R I & K S 70 ik S 2k
i

AS,
el (23)
S

hij

¢ =—(c/—¢)



2172 "+ T OB % M

2022 4E

L, o N i WZIEERT, o s & RINHITEE R
TR AR R T

¥t QD o, 2 ARAK (200 1, AT R
REEAFRE . AR 2RSSR EE R SR,
N

! u. . . '
F, =—" ol 1=t |00 0y
7 y'Hsinacosa o Jtana

3 FAARTIERRIEIEE M SLH o4
3.1 EAREXIE

RS AL RS A = M B E N T, X3
AL T BRVL DRk 3 h0a i, B R0, ALK
T 2.0X10* km?, 2 FE AL B K — N IRAK MR,
FAGHR 53 B (RPE DA EE, P i & BRYL 1 2 b ) R 30
R e B, X I N R B A R E A RIS (LK 7D,
DU RARAI R . E MR £ R T 2019 45 10 A —
2020 4F 4 ATESLIXIGHHT T 5 IR SUK G
K, S TIES30d, SRR 86.14X 100 m?,
KK#Em T HEAmMEA g, R e ke
H TR HKE RGP TAE R, w1 ok
B IR KR 2 F B JOKE PR IKA B AR . H
TR AR, R 5| R KA Y53 il AT REAE
VIR R PN S P AR VTR BT, RIS AE I B AR /N 1
U2 g R BHER . Rl e 5 R 2 IR R Z DT
R AR B3O, G PR AMERAE B 80 R A ARk
Fa, R A] R S BUE RIE ST K FE, BT
K6 Bl T AR 2R 55K T 1Rt I 22 42073,
X B R FERBTKP I SO R T K& 218
FLE AT AR R g IR B A e e PEVEAN

7 RXALE R XSG R R S 40
Fig. 7 Location of study area and topography of regional seabed
MRS T8 —UOKEWIRCRI B E, 7R
ARV IHEE A B MHEREAT T e SR TR, I
FAIFEAS R P Eod 2N S P FE TR 1 /K& i

F Sp AN S SBANEE Seor A (B 8) B Zptfrml I,
ZX KAVt ZAL T T DL R IR EE 207.8~253.4
m, JEFER 45.6 m, PIFLBREEN 37.3%, “FHIKE
VIR A 31.0%4Y, A Boa vk ER R R b,
BIERBIBN . FAL, R A R I XK R
1000~1500 m, “FIHLIEIEAE N 3° , MWRIIERE AN
3.3~3.7C, HHFEFE N 45~67 C/km’. FTIFF
IR MRS, W 4R AR, b LR
KEVZER FENZA R, W6 (a) fin. NIET|H
KAERRE, KoK B KEEZ AL,
B H=230.6 m 4b. 558 B TERm, HZ iR DL 0.1
K/d (PR FEATIESE I, S SIREEN 10 K, HIREEIA
BV EEE IR . BT BASHILER 1.

10 —TERcA) | SO — B | 1SR 10— |

VLRI HUFIRE FIRE HUFIRE
— KA — ST Sk —SEWKAEY — SIS Ak
200 2001 200+ 2001
. K& ] Xl K&
=
®
250 — 250 250 250,
= wag AR AR BEE
o— ’@#ﬁﬁ B WES
300 " 300 L 300 n 300 L
0 05 1.0 0 05 1.0 0 05 1.0 0 0.5 1.0
MR MR MR AR
(a) Su—P3k (b) S—P¥ (c¢) S-S (d) S-S3k
8 ST FHMFMm R FEIR E
Fig. 8 Histogram logging response of pilot well
% 1 *ﬁﬁ%ﬁw 11, 26, 41-42]
Table 1 Model parameters
ZH HUfH LR ivA
Wz (FRE) — m
o ) 3 °
% N
gﬂ HOKFHALE) 230.6 m
To(HF IR ) 3.5 °C
G/(HHABLE) 56 K/km
Sh (HILE LRI ) 31 %
k (BIER) 2.38 mD
o (BRI R .
M 4.5x1077 2
B s
Z  L(HMSRRED 3.66 W/(mK)
B o WHEFERD) 800 kPa
o (IREEEI 30 kPa
o' (M EEIES) 8.03 °
p (IRE ) 1650 kg/m?
¢ (FLIRE) 0.37 m¥/m?
PV (BAHZEFE) 1024 kg/m?
| P KRGV 930 kg/m?
i Cpt (A ELHY) 4.18x10° J/(kgK)
% Con/(KEPIEL#Y) 2.16x103 J/(kgK)
gﬁ w (ARSI R ) 8.87x1074 kg/(m's)
S (BAREREE) 3.5 %
L/ OKE WG 56552-16.8/T J/kg




128

IELEYL, FF KEWNERIT RN RIS PO 2173

3.2 IKEVMERESNASIE RS 4

B9 il Tl b R R s f it 2k, 3
H THZ 1 BHZ 473 537K & i 2 1 b T i AR i
M. HIMHHERITZE (0a) F/KAVIA TN (Tas)
FIr BB R B 5235040 /K &t B ARoE IX i) R I
N zw)o WTUER, HTKFIFPREREN, KE
Vit = S R T A, R R, —
HUR B K S AP IR T , K AT iR o i
100, UML), TEMILR Tas BETHLZE 0URE I
JREBIIBEAR, XA FONKE o il TR ARG FE, T AE
T B BB T IRV AR 2 BGR EAR R I REIR .

0

—0a —30a
T'ss —
100f di 2 ;82
200t S
300t
£ 400}
2
X soo
600} REERES
700 -7 \
800
276 278 280 282 284 286 288 290 292 294

WEE/K
9 HERIEERIER L
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