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Abstract: Hydraulic fracturing is an effective technical method to exploit subsurface shale gas resources. To investigate
the law of fracture propagation in shale hydraulic fracturing can provide proper guidance for high-efficient exploitation of
shale gas. By using the extended finite element module of ABAQUS which is a large finite element software to
investigate the influence of the position, azimuth and number of the initial fractures in homogeneous shale, and the
structural direction, internal dip angle and lithology of the bedding shale on hydraulic fracture propagation at different
ground stress deviations. The results show that for vertical hydraulic fractures, with the increase of the horizontal
principal stress, the fracture is more difficult to propagate, the fracture propagation length decreases, and the initiation

pressure increases. At the same injection volume, the length of hydraulic fractures formed by simultaneous initiation at
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both ends of the initial fracture is larger than that formed only on one side. When the initial fracture is located in the

middle of shale with a direction of 45°, the fracture will deflect to the direction of the maximum horizontal principal

stress, and the degree of deflection increases with the maximum horizontal principal stress. In the process of

time-sharing multi-cluster fracturing, the propagation of fractures will interfere with each other, and it will greatly affect

the attitude of fracture propagation and initiation pressure, but it has little influence on the fracture width at the injection

point. For shale with horizontal and vertical bedding structures, hydraulic fracture deflection will be deflected to

different degrees when the internal dip angle of bedding is changed, and the deflection degree of hydraulic fractures

decreases with the increase of the internal dip angle of bedding. For shale with structural bedding in the direction of 45°,

the deflection degree of hydraulic fractures increases successively in sandstone, coal rock and mudstone, and the

fracture migration ratio increases with the maximum horizontal principal stress.
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Fig.1 Schematic diagram of the shale models

2 WERMZEMEATRE

Fig.2 Schematic diagram of ground stress on shale
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Table 1 Mechanical parameters of shale and bedding
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Fig.3 Comparison of fracture propagation paths between

numerical simulation and physical simulation results
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Table 2 Parameters of the different working conditions
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Fig.4 Nephogram of fracture propagation under the working condition 1
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Fig.5 Nephogram of fracture propagation under the working condition 2
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Fig.6 Nephogram of fracture propagation under the working condition 3

2.1 ZLAEYT R AT 1)

P P 5 T 0, AR T 00 A A0 4 2 A A K R AR
FHR U % 55 1) A6 349 505U v 43 ) 1) 7 S 4 L 3
Pl e 7 3K b T — v 1) s 2 A A1) — i 4 R 1Y)
TR, MEIFR, 5 TH—TFHHREY RKEH
Eb, bRy 7125 0 MPalif, T —F Y2445 9 e K
FERGIN T 11.2 m, ¥ 8 8 32.6%0; 2 Hu [ 71 2%k 1
MPalif, T80 . F (24889 A B 1 8.9 m, 1
WE A 27.9%0 s 2 MW F1 228 2 MPalit, T — R A3
BEY K ERINT 7.9 m, BiE N 25.9%, B Al
AT T T — A T Y ) ik 4k R T R OKOK
S 2N 3 T 1 B R B A S5 ROK ST 2 T R R
SLLE Y R AR AR R M LY R K AR, HLAE
PR £ AT TR A 17 0 R, 4 4 1 R o [R) 5 R A T

B 1) — S b (04 b Y T 25 7R A8 K, %k
PO TR

Hi P 6 AR, Y LN ) 25 0 O MPa i, ) I 24 4%
WG 7 I Ak S e (5 25 J KoK Y- F2 0 7 38 i K
B, RS0 5 4 Je OO 20 ) O 1) R AE D, HLY
S 11 i e R G b T 8 T 38 5 2 By ) 25
1 MPalb], 24 R Y SR E L b ) 22 4 0 MPalb)
BT 5.2 m, HiE K 13.3%, 4 8 S 2k 2 MPa
W, 2448 9 A B e dtb 1 ) 22 1 MPa S iy
2.3 m, Hil{ R 5.2% . UL T =AY R
RN 00 R R] 5 05 67 1 kg 45° BLAF 8 b B )
FEt | ZLHE 25 1) d KK F 8 1 05 I R A e L R B
ZABEN Y K B 2 R 7 22 38 KA TR T



5549 555 54

®3 BIRTHRETREABEKESRIT
Table 3 Fracture propagation direction and length

under the various working conditions
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Fig.7 Pressure vs time and fracture width vs time curves

at the injection point under the various working conditions
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Fig.9 Fracture propagation paths of three-cluster hydraulic fracturing
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Fig.10 Stress distribution in shale at each fracturing stage
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Fig.11 Time-history curve of the pressure at the injection

point and the facture width at /\ 6=2MPa
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Fig.12 Nephogram of fracture propagation under the horizontal bedding
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Fig.13 Nephogram of fracture propagation under the vertical bedding
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Fig.14 Pressure vs time and fracture width vs time curves at the injection point in shale with the horizontal

structural and the vertical structural bedding
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Fig.15 Nephogram of fracture propagation in shale with the horizontal structural bedding
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Fig.16 Nephogram of fracture propagation in shale with the vertical structural bedding

under different bedding internal dip angles
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Table 6 Fracture propagation deflection ratio under
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90 Table 7 Main mechanical parameters of various rocks
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Fig.17 Nephogram of fracture propagation under working condition 1
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Fig.18 Nephogram of fracture propagation under working condition 2
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Fig.19 Nephogram of fracture propagation under working condition 3
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Table 8 Fracture propagation in bedding under

the various working conditions
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