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Abstract: Natural gas hydrate is an efficient and clean energy, which is widely distributed in the sedimentary strata in
the South China Sea. China has successfully carried out two trial productions in 2017 and 2020 respectively. However,
due to the special occurrence conditions of marine natural gas hydrate, there are still some problems with single well
trial production, such as small production range and short time for high and stable production. In order to improve the
exploitation range of hydrate, the two-dimensional hydraulic fracturing numerical model is studied based on cohesive
units. Through simulation, the half length and width of cracks of the two models 100m X 100m and 20m X 20m are
compared. It is concluded that at the injection pressure of 30MPa, the half length of the crack is 6m for both models,
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and the maximum width is 5.8mm and 5.5mm respectively. The more accurate experimental results can be obtained by

constructing a larger model. Moreover, the variation law of fracture width with injection time is studied. With the

continuous increase of injection pressure and injection volume, the initial fracture width increases rapidly, and then the

fracture propagates “step by step” under the action of in-situ stress and injection fluid pressure. The research has been

successfully applied in the hydraulic fracturing model analysis of unconventional energy reservoirs such as shale gas,

coalbed methane, and provides some technical guidance for marine natural gas hydrate reservoir hydraulic fracturing .

Key words: marine natural gas hydrate; reservoir stratum; hydraulic fracturing; cohesive unit; numerical simulation; frac-

ture morphology; propagation mechanism
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Fig.1 Schematic diagram of a cohesive unit
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Fig.2 Law of traction propagation
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Fig.3 Tangential and normal flow patterns of fluid
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Fig.4 Schematic diagram of two-dimensional hydraulic fracturing simulation
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Fig.5 Simulation results of crack propagation

J& 4 i 17 3 AL T e 52 6 4% 366 ok 11 B i A7 AE &
LG, 1M 100 m X 100 m 5 1 Hb 54 4 FiE 7 2 v 1Y) 1o
3 AN AL AR AR 32 30 Gk i PR ASE AL 1) X 35 PR O 2
PRHLHEE RO ARYE o B AXT AR A5 R S 2 4% i K
B BEAE 100 m X 100 m AL R ) 5.8 mm 5 fEH .
3.3 S5k U I BT ) 4 AR Ak R

Pl 6 Sk T A a5 S 4% T B R A B[] 5 R T i AR
FEAFAE , N AT LUE 885 i AT R S5 AR
JIW K F B G AR S0 SRS i 2 T bR R
24, 5Bk ] SR TF, DL B AR iR LA BT 25
MPa, R 5 & — Bl Rl TRE EAETY
18 MPa. %% 5% FE7E A 22 )5, LA/ BE 0% sl i) Jr
KGR, JEHEAET YT G m 8 )2 AR 24)
B, 7R TR A SR AR 25 5 K R 5 B30 B B () 1
Ko BB R A G, 54 4% Ik (8] 1 BRS04
TFo WATE T G0 K 8 g iR TR, 2
5% 55 B B BT RO L S S T AR AN T, F
(% T 2 I OIS B B AR B BB =0 Y
WY RILE.

4 Hig

7 3 3 A abaqus 4 #5735 F cohesive HL
TG 4k 7K 77 FE 24 EE AL AL, B 50 s 4l e rp 2
R R HERESFESE RN T RKEWHIZEK
TR Y RN R KK R R . BAkg5 e

— TEARRGE L

i — FEAES) 1%°
&6 125
o {20 £
g1 {15
=}
110 <
s #

0O 5 10 15 20 25 30 35 40 45 50 55 60 6é)
FENI[E]/s

Eo HEFERHESENNTUME

Fig.6 Variation law of crack width vs time

and injection pressure

wmr .

(1)2% F 100 m > 100 m 120 m X 20 m K ,/NFi
RO 8780 43 0 2 Sy A R S 50T /K & 9 4k ) Tk
Y R S5 A5 2 2 BE AR AH ] 1) B a5
R HEREY N6 m, & K955 h5.8.5.5
mm, ISk T cohesive HL.IGIE M /K & W1 /K J1 R 247
ESSRIEFE

(2)FE YK B W )2 K 01 2468400 i 3
XoF 2 ol RUST A5E 7 B S 400 45 AL 1) 43 BT, 76 K FH cohe-
sive FLIT L 43 BT 7K G W 7K I s 450 v i S o g 4
ROSF R W A7 3R TR T 07 7 4 4% 3 T 24 5 9™
JRE (A ASEALL , 5 1 A S 36 45 R T o

(3)ZLLEAEY e 1) 3 B2 v 2 11 Bt 2 B B P AE 2
— 71, BRI F SR T R 5w i HE R AR R 5 AE 1
NS BT R B T B S A DR 1R R, O B T



24 R TR

20234 1H

T U sh . [, B B ooy 5 ) MU 2T
IHE P 2R 2 T Y T SR N T 2 i BRI | T K T 3l
JIRIERTTS , 2458 50 52 U i i B4, ) 2
Wi AR AT I IR B AP T R B . X
it S Tk — W 4 89 BRI B T OK A B AR E B A
TR ) 2T AL o i 9T RE RS D T R AR
SOKEWEZ AR T R ZAR A —E R BE 4R T 4R
IKE YRR B R BE ST

5 % 3Lk (References) :

(] R, X0y 4558, 4 R AR OK & W J2 I3 4 B 32 i
R 2 7] 241, 2013, 34(3) : 591-606.

NING Fulong, LIU Li, LI Shi, et al. Well logging assessment
of natural gas hydrate reservoirs and relevant influential factors
[J]. Acta Petrol Sinica, 2013,34(3) :591-606.

[2] KLAUDA JEFFERY B, SANDLER STANLEY 1. Global dis-
tribution of methane hydrate in ocean sediment[J]. Energy & Fu-
els, 2005,19(2) :459-470.

[3] FFHE, NI R 40K, 45 U A )2 B0 X KR AK & R T

TR A MY i Y B SR 52 [0 B R A, 2021, 48(4)
85-96.
QI Yun, SUN Youhong, LI Bing, et al. Numerical simulation
of the influence of reservoir stimulation in the near wellbore area
on the depressurization production characteristics of natural gas
hydrate reservoir[ J]. Drilling Engineering, 2021,48(4):85-96.

[4] Ruppel C D, Kessler J D. The interaction of climate change and
methane hydrates [J]. Reviews of Geophysics, 2016, 55 (1) :
126-168.

[5] @i, A4, X, 55 U Bl R AR AR & 1 R b 2 K P SR B
HWALARLT ] Bl 7 T A, 2022,49(2) : 16-21.

HOU Yue, LIU Chunsheng, LIU Dan, et al. Drilling fluid tech-
nology for natural gas hydrate horizontal wells in marine shallow
soft formation[ J]. Drilling Engineering, 2022,49(2):16-21.

[6] mha R, 25 30, WS, A b [ R I R AR UK A A
RFEEHRLT]. A E AT, 2020,47(3) : 557-568.

YE Jianliang, QIN Xuwen, XIE Wenwei, et al. Main progress
of the second gas hydrate trial production in the South China Sea
[J]. Geology in China, 2020,47(3) :557-568.

[7] KONNO Y, FUJII T, SATO A, et al. Key findings of the
world’ s first offshore methane hydrate production test off the
coast of Japan: Toward future commercial production[J]. Ener-
gy & Fuels, 2017,31(3):2607-2616.

(8] Zivlei , 252 AT ¥ 0 A O 0K SOK 6 W BORE 18] 5 5 0 2 1K

LT RE TR CH LA TR, 2017,44(12) :1-20.
ZUO Rugiang, LI Yi. Japan’ s sampling study and successful
production test for NGH in Nankai Trough[J]. Exploration Engi-
neering (Rock & Soil Drilling and Tunneling) , 2017, 44(12) :
1-20.

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

(17]

W 2R e WRJR, T, S PR IR SR AR SR A W RE AL
BEGIFRWITE [T B R T2, 2021,48(S1) : 315-320.
MENG Yilong, CHEN Chen, MA Yingrui, et al. Study on in-
telligent fitting modeling and exploitation of natural gas hydrate
in the Shenhu area [J]. Drilling Engineering, 2021, 48 (S1) :
303-308.
LI Jinfa, YE Jianliang, QIN Xuwen, et al. The first offshore
natural gas hydrate production test in South China SealJ]. Chi-
na Geology, 2018,1(1):5-16.
Kb S 2R R VEAS ol AF SRR SR K A PR F T BLIR
B AFAE LT ] ARG TR O 8 4 TR, 2018,45(4) :6-9.
DU Yaosen, FENG Qizeng, XU Benchong, et al. Research
status and existing problems in oceanic gas hydrate trial produc-
tion [J]. Exploration Engineering (Rock &. Soil Drilling and
Tunneling), 2018,45(4) :6-9.
BRI K, 2R L BT . R AR K G WAk 2 0K 01 T L0 5
JELT]. i Rg Ik g , 2020, 8(4) : 282-290.
YAO Yuanxin, LI Dongliang, LIANG Deqing. Research prog-
ress on hydraulic fracturing of natural gas hydrate reservoir[J].
Advances in New and Renewable Energy, 2020, 8 (4) :
282-290.
Goel N, Wiggins M, Shah S. Analytical modeling of gas recov-
ery from in situ hydrates dissociation[J]. 2001,29(2) : 115-127.
TRACH A AR BNE L SE R R UK G T R B AR
FAEFE RS P IT RAEAR T S5 [T ] R0 TR Ca B 8 T
), 2016,43(10) : 154-159.
ZHANG Yongqin, LI Xinmiao, LI Xiaoyang, et al. Technical
progress of gas hydrate production in permafrost and research
on oceanic gas hydrate production[J]. Exploration Engineering
(Rock &. Soil Drilling and Tunneling), 2016,43(10) : 154-159.
AT, LY INKCR L GE R IR R W )2 T v TR K B
T K A AR PERE WP T (7], P Mg K2 4l (A SRR 2
Ji2),2022,53(3):1001-1011.
PENG Saiyu, MA Jiying, SUN Youhong, et al. Research on
performance of foamed water glass slurry and its consolidation
for gas hydrate reservoir stimulating [J]. Journal of Central
South University (Science and Technology) , 2022, 53 (3) :
1001-1011.
KONNO Y, JIN Yusuke, YONEDA J, et al. Hydraulic frac-
turing in methane-hydrate-bearing sand [J]. RSC Advances,
2016,6(77):73148-73155.
KRR AR KO 2 SRS YR MOHE ) T
YEBEFE T ]. P4 R A il R 2 2 i C A AR BR A ) , 2017, 39(1)
91-99.
ZHENG Ran, LI Gensheng, ZHU Haiyan. Dynamic propaga-
tion of multiple horizontal fractures and mutual interference be-
tween induced stresses [J]. Journal of Southwest Petroleum
University (Science & Technology Edition) , 2017, 39 (1) :
91-99.



5550555 144

H W W55 3T cohesive BLIT IR R IR UK 5 W 1 )2 7K 07 T A4 25

(18]

(19]

[20]

(21]

(22]

[23]

(24]

Liu Y, Tang D, Hao X, et al. The impact of coal macroli-
thotype on hydraulic fracture initiation and propagation in coal
seams [J]. Journal of Natural Gas Science and Engineering,
2018,56:299-314.

GUO Jianchun, ZHAO Xing, ZHU Haiyan, et al. Numerical
simulation of interaction of hydraulic fracture and natural frac-
ture based on the cohesive zone finite element method[J]. Jour-
nal of Natural Gas Science and Engineering,2015,25:180-188.
CHEN Zuorong. Finite element modelling of
viscosity-dominated hydraulic fractures [J]. Journal of Petro-
leum Science and Engineering, 2012,88-89(1):136-144.

7ZOU Junpeng, CHEN Weizhong, YUAN Jingqiang, et al. 3—
D numerical simulation of hydraulic fracturing in a CBM reser-
voir[J]. Journal of Natural Gas Science and Engineering, 2017,
37:386-396.

RN RO AR AR R K K O TR TR 2080
Wt FE[T] R TR CH L858 T ) ,2016,43(10) :234-237.
LI Xiaojie, YE Chengming, LI Bingping, et al. Research on
hydraulic fracturing fluid in bedrock water well[J]. Exploration
Engineering (Rock &. Soil Drilling and Tunneling) , 2016, 43
(10):234-237.

GONG D G, QU Z Q, LIJX, et al. Extended finite element
simulation of hydraulic fracture based on ABAQUS platform
[J]. Rock and Soil Mechanics, 2016,37(5):1512-1520.

FR GOk A T T ABAQUS R 7 AT AR T i Az
SEAIHTLT) 5 A % 5 TR, 2010, 29(S1) : 2927-2934.
ZHANG Xiaoyong, DAI Zihang. Analysis of slope stability un-
der seepage by using ABAQUS program [J]. Chinese Journal
of Rock Mechanics and Engineering, 2010, 29 (S1) : 2927-
2934.

Zienkiewicz O C, Taylor R L.. The Finite Element Method: An

Introduction with Partial Differential Equations [M]. Burling-

[26]

(27]

[28]

[29]

[30]

(31]

[32]

ton: Elsevier, 2005:42-45.
K.P. Lijith, B.R. C. Malagar, D.N Singh. A comprehensive re-
view on the geomechanical properties of gas hydrate bearing
sediments [J].
270-285.

WILLIAM WAITE, MICHAEL B, HELGERUD,

Marine and Petroleum Geology, 2019, 104:

et al.
Laboratory measurements of compressional and shear wave
speeds through methane hydrate [J]. Annals of the New York
Academy of Sciences, 2000,912(1):1003-1010.

DVORKIN, HELGERUD, WAITE, et al. Introduction to
Physical Properties and Elasticity Models[ M ]. Springer Nether-
lands, 2003.

SHENG DAI, YONGKOO SEOL. Water permeability in
hydrate-bearing sediments: A pore-scale study[J]. Geophysical
Research Letters, 2014,41(12) :4176-4184.

Kumar A, Maini B, Bishnoi P R, et al. Experimental determi-
nation of permeability in the presence of hydrates and its effect
on the dissociation characteristics of gas hydrates in porous me-
dia[J]. Journal of Petroleum Science &. Engineering, 2010, 70
(1-2):114-122.

Johnson A, Patil S, Dandekar A. Experimental investigation of
gas-water relative permeability for gas-hydrate-bearing sedi-
ments from the Mount Elbert Gas Hydrate Stratigraphic Test
Well, Alaska North Slope[J]. Marine and Petroleum Geology,
2011,28(2):419-426.

Kleinberg R L., Flaum C, Griffin D D, et al. Deep sea NMR:
Methane hydrate growth habit in porous media and its relation-
ship to hydraulic permeability, deposit accumulation, and sub-
marine slope stability (abstract) [ J]. Journal of Geophysical Re-
search, 2003,108(B10):1201-1217.

(it F=7)



