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Abstract 1In the study of gas hydrate-related Slipstream submarine slide, the finite element analysis software
ANSYS is used to construct the 3D model with complicated submarine slump topography acquired by multibeam
sounding system. The lower part of sliding surface buried by slump accumulation is estimated from the main scarp
geometry, and the original ground surface before slump is reconstructed according to the morphological similarity
of surrounding ridges. Then, the high precision 3D geological model is automatically completed by running Jscript
file in ANSYS Workbench, which greatly improves the efficiency of complex geometric modeling and thus
provides a key guarantee for the accuracy of subsequent finite element numerical analysis. The stability simulation
of Slipstream Ridge under its self-weight condition showes that the maximum shear stress in sediments above a
shallow gas hydrate concentration layer at about 100 meters below seafloor is distributed as a series of high value
bands in wedge shape, which matches well with the stepped topography observed on the current slump surface and
verifies the accuracy of the 3D geological model and the validity of the proposed modeling method.
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Fig. 1 Tectonic background of study area, multibeam bathymetry of Slipstream submarine slide and seismic survey locations
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Fig. 2 Glide plane estimation and original ridge morphology reconstruction
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Fig. 3 Comparison of bathymetry contour maps for estimated glide plane (a) and pre-sliding ridge (b)
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Fig. 5 Migrated seismic section of single channel line-4 along the long axis of Slipstream

R1 MEYERHESH

Table 1 Physical parameters of each layer

g R KEW VR SIGER
m AR /% (grem™) (ms™)
1 100 0 2.02 0.487 1530

2 30 40 2.04 0.485 1580+3.9d

3 135 0 1.93 0.460 1260+3.3d
4 15 40 2.09 0.430 2090

5 120 0 2.21 0.420 1100+2.0d

UL d S UTBUZ AR X TS A TR

TR BE T 2 TE R . T AR Xk = R R =
o W R B, A 5 4D 2E 283 Slipstream 111 (1]
1), PRt SR R 18 Ak =00 B A 38 5 S DT RR 2 A
R A GHS 1 BSR 33X P A~ 7K & 40 J25 K30 1 i
POTATHI R R, WSRO BB W AR BIRfY |3%
TAI 248 78 W EE R, PRI R BE D 1al hr A (thin) 21 AH
NEFER R Z 2 M2 4, Ba, HAMKR
(boolean) 5 VE K J2 2 Fl 2 44 A S ARBL AL 3K
21, ZE3AE S, #IFRBIRAnE 6 s
2.3 BRTMEH 5

A 14 I A% 7 73 (mesh) 2 A7 FRITEE AR L Zh

1000

LT R SR 5 X R RIS

6 Slipstream 3 & = 4 th R A% E
Fig. 6 Slipstream slope 3D geological model

HEMOCHPIRZ — . AU =ERBALME ] ANSYS
Workbench [ 2 5 47 450 A% &1 73 77 =X, B RE AL B
Bl 1 2 AR X3, 4R J5 6 A — AN XA T
T A ) 43 o 207 DAEA 20 A4 5 A58 S TS
12 Z5 IR R S B R IR S TR BT O R H B
Ay, BT AT AT R, OF HBA AR HE
52 7R X F shhn g sRoT LR AL DU T AR . B HE L b
FESFHITHRE J1 o Zad e SR H g, R SCAvE Al
5 43 A 44055 S BRLIT (EVTT S ERCR 242084), H
/NI IC I K A0 15 m, B 5 b 5 BodE
UTM A% Y, TR SR B2k,



BEFMASE BT ANSYS Workbench /15085 i H 2l b = 4k b BT @ #6007 i

X/km

N
By F3/10°Pa

(2) T ¥ 38 X HR 2RI J5e R B 137 T3 534 (b) A (a) 41 60 JE ZRAE B9 IR 2, 41 (058 R AQR B
TR HLS, 20 €0 M 2 AR R TO0I A 0 39 T8 07 B, BTk R MO B Ly v fRLAT D45 78 T A i B T

B7 RREMASTH

Fig. 7 Maximum shear stress distribution

3 BEXEGTHRAHER

A ST Slipstream LA 4725 1 & F 4040 T 3%
PPN EB I 15340 BB A3 AT o FR T 0 3 A3 AR P 3
%2 Z A A B B, B ANSY'S A 42 fiil 43
BT i A DR Z B il 28 7 — 2, sy esny 5 4
MBZH A H—A 4K, % B3 Slipstream 111 /Y
KR53 AR I AT IR AR R S 4, DR I R A 78 T i
TN E 2 29 9 (fixed  supports), X DU J& ) 185 i i
L FR 721 5 1) I JBE 188 24 K (frictionless support) .
B Ja, WSINFRAETE 7 in 2k B (standard earth gravity)
A AT A B K S o

PL X = —=2000 m (&l 2(a) 21 {0, th 28 ) b 14 75
DR AE R 5], B e T R R R 5 N ) 43
AN 7 BN o e KB R 434 I 5 — AR R 2 1
TR K G W s )2 E R A AN 18T, I
L5 A 0 A 9 3 T R BIORH [ (&1 7(b) Hh 21 8 1
2%). Yelisetti 10 4 & B M i SR K &Y 2
B 28 ) — 50k, ASCRSs Rk — R, ZAb iy
fR D I B i R R KA AR RN BE TR B — A~ T 2 RE 2R
AR, RO B i A 3 T AL TR B

e K BY R 10 A0 S — ANRRIE R EREBK S
RZ 2 RYTURRZ T E Sl L s AP
(B 7(b)h # £%) . Kvalstad 25 775 BIF 5% 40 )8k 7 ¥ 15
1) Storegga ¥ I, WEEE 21 T B I W IS AE AR B S 7Y
Btk Mg, 5 Slipstream ¥ 38 X (I 2)AH 1 .

I, FRATHEN Slipstream ¥ 5 1Y R A3 72 K2
B 8 FIran: B2 i w R M R e A T R 2 A ol sk = A
LB R . KR SRR R R E ML ah I &,

(2) TRARK & W& 4 )2 (R € M 4R) =2 b () d5 DR B 7 ) o {0 2% 7 K 1L
BUZ IS F RS BIE Ry ek, e RIAL B9 S A AE S R S int e 2 5h ok
REL AT AR AR 307 1), (o) WMTIBZWER, A
SRABBY Bk 253 R R W B (o) DIBUZBUAR IR B OIS, H
BRI AL, SKBVHATAE; (d) R A TR — 20 b 0 B K
ATERAELE, 53 b —H0 o5k ARSI 05, HEHL TR a0 i i

B8 XHMAKEWEEEEXNRAEEBRBHEER
Fig. 8 Sketch cartoon of low angle submarine slide along
the shallow high hydrate concentration layer

1001



R MARBIEM) 548 5B 5

2018 4F 9 H

BRI TORZ R ekt Rm, REKGYE
B2 18 U BEIE B 17 ) e v 2 S SRR RIARE 5
SRR HIR B, YRR L RIR, H RS
FEAT LA AR 10T AP A

4 it

1) 7E B b b AR R B 78 R B0 T, W] LAE
o M SRR A X LA B, 328 20 AR A S0 T B T A
AT A S LU AR

2) AW 5T 4 i 1Y Matlab F2 57 0] LU E 3h 3t b
T B84 8 4 Iscript B IS, DA AT #E ANSYS
Workbench H1 52 1 = 4 b A A Y [ A g, A
BLAC BB R B /b, AR R i v %o 42 2% 2 T
PEAT R B B ROR . &5 AR R BAEEAE, 1T
DL 40 Slipstream 3 3% X —FE B A2 TR 2 24544
ARG 20 = Ak b TR RY, Sy S5 S B 43 B ) A
BEOCHE R

3) X Slipstream LA AR5 4T B E AT
AR PEREAL, 45 R R B SR Z T 29 100
m IR K AW s )2 KB TR — 3B, SRy
N ATEZIE W EREE S, FEREZ LTTRZEH
EIBIE B MBS E SR, 5 R R R
BAR M ARN )G, X Legh IR I Slipstream W H% 5
ARG & E R Z AR E VKR, WEIE T4
SCHbL T AR T VA A M

£ % STk

[1] Milkov A V. Global estimates of hydrate-bound gas
in marine sediments: how much is really out there?.
Earth-Science Reviews, 2004, 66(3/4): 183-197

[2] Collett T S. Energy resource potential of natural gas
hydrates. Aapg Bulletin, 2002, 86(11): 1971-1992

[3] #m . KRKE YT L&A BORF 5 #r. o
FE 7% b, 2009, 21(12): 7-11

[4] Bouriak S, Vanneste M, Saoutkine A. Inferred gas

1002

(]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

hydrates and clay diapirs near the Storegga Slide on
the southern edge of the Vering Plateau, offshore
Norway. Marine Geology, 2000, 163: 125-148

Bugge T, Befring S, Belderson R H, et al. A giant
three-stage submarine slide off Norway. Geo-Marine
Letters, 1987, 7(4): 191-198

Booth J S, Winters W J, Dillon W P. Circumstantial
evidence of gas hydrate and slope failure associations
on the United States, Atlantic continental margin.
Annals of the New York Academy of Sciences, 1994,
715: 487-489

Kvalstad T J, Andresen L, Forsberg C F, et al. The
Storegga slide: evaluation of triggering sources and
slide mechanics. Marine & Petroleum Geology, 2005,
22(1/2): 245-256

FHUIE, A, Z4e SR BTk 5 kR B .
+ T3, 2006, 20(4): 68-70

Houlding S W. 3D geoscience modeling: computer
techniques for geological characterization. Berlin:
Springer-Verlag, 1994

AR, IR =Y ST AR S AT T AT
Bl 2% (D %), 2004, 34(1): 54-60

BB ME. ANSYS 5 CAD {4 i 45 1 fn) BEAFF 5. #L
M5 i, 2007(7): 75-76

KIE4, TEE, FHliAl. Ansys workbench Z %1%
A IO At T e 5 L O B AR (R B = A R
JURERL. HET R 2R, 2008, 21(2): 174-175
Riedel M, Collett T S, Malone M J, et al. Proceedings
of the integrated ocean drilling program expedition
311 [R]. Washington, DC: Integrated Ocean Drill Pro-
gram, 2006

LIS WA E T S PG, B EIR
KA AL, 2005

Yelisetti S, Spence G D, Riedel M. Role of gas hy-
drates in slope failure on frontal ridge of northern
Cascadia margin. Geophysical Journal International,

2014, 199(1): 441-458



