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Abstract: To perform the numerical simulation of complex network fractures in stratified shale gas
reservoirs with natural fractures, a numerical model for network fractures was set up to determine interac-
tions between hydraulic fractures and natural fractures by using universal distinct element code (UDEC) of
non-continuous medium simulation based on numerical algorithms of seepage-stress coupling. The model
was used to analyze the effect of the hydraulic fracture length, the natural fracture dip angle, the internal
friction angle and the net treatment pressures on fracture network extension. The results showed that hy-
draulic fractures extend from the fracture tip near the well bore, and they experience shear failure along the
strike of natural fractures. In the process, the connected area of natural fracture network would increase
with the increases of hydraulic fractures length. It is more likely to form complex fractures or network
fractures in the case of relatively large natural fracture dip angles. When the internal friction angle of the
natural fractures is reduced, the connected area of natural fractures will increase and it is easier to form
complex network fractures. Under a certain range of horizontal stress, fracture growth patterns would be-
come more complex and it would be easier for tips near {ractures to form network fractures as net pressure
coefficients increase. Numerical simulation results could provide guidance for further understanding on
shale gas fracturing [racture extension mechanism in areas away from wells.

Key words: shale gas; fracturing; numerical simulation; discrete element; geometric model; natural
fracture; internal friction angle
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Fig. 1 Schematic diagram of the stress and deformation a-

round a single fracture
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Fig.2 Geometry model for the numerical simulation of

network fractures
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Table 1 Geometric parameters of natural fractures
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Fig. 3 Stress concentration area of hydraulic fracture tips

— WERRARE T
— Wi

e 5
— WA

: -?‘LS:‘ I
Ss __mwi%ﬂﬁ'_%%f
B gy S ST

(© k1 R K200 m
B4 RARSMAASG A0/70°) 58Tk B K3 4R R0 E M

Fig. 4 Effect of hydraulic fracture length on fracture network extension under natural fracture dip angles combination A (0°/70°)
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Fig.5 Effect of hydraulic fracture length on fracture network extension under natural fracture dip angle combination B(45°/135°)
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Fig. 6  Relationship between hydraulic fracture length

and shear failure area
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Fig.7 Relationship between internal friction angles and

=
n

connected area of natural fracture network
— R AR g IR ZRAE . X TR ) AR
w5 L T 3 14 7 A {4 B UT) I ) i 2 4
ISR KRR AR T 0T 5 48 . R4
I A I TP 80 25 00 USROS B AT BEBILE A AR
MBS R M E RN ERNE., hk 8 ik
AT LU R R ) 25 A — s JE Y L R ) AR R
A, BRI R IY 08U A L AR AR 2SR 1) 2R 3 5
TE P R A AR L 3 X A B R N
BN U K - R g 22 S B ) R4 e 1) A ROK
SR 5 1) AR I AR S 5 KR RS



%44 K% 4 B

FEME. REWT AR 5 W% LA BB AT R © 113 -

TE SR 24 1) 190 245 28 B L 1 D0 it 2 oo T AR TRt L A
K 3 s B A A R g 22 W] LS ROE SR 2% )
2% BRI AR LT vy L A7 2 U 2% RO B A2 2% X 4%
ZLEEMIMEAS . (H2 B TR M SRR LR B L K
S I8 7 72 AR s SR i O Y R 4 T e S B
a7 Ak gk LI I 45 B A Y D b L S SRR A Tk
LIt 3 J . DR e SRl T SR 2R
5 JE 22 N R XK ) e R 28 SR JE Y52

_ WIhE
LR
W
e
R=3.0 ' R=25  R=20 R=15 Je._,—].é: .
8 BENRYMEBWEKNHUEEAMERET E

sk

Fig. 8 The effect of net-pressure coefficients on network
fracture extension between two adjacent fractures
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