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Numerical analysis on hydraulic fracture initiation and penetration
characteristics in directionally perforated horizontal wells

Li Zhichao,Li Lianchong, Tang Chun’ an

( Center of Rock Instability and Seismicity Research ,Dalian University of Technology,Dalian ,Liaoning 116024 , China )

Abstract;In order to reveal the initiation mode and controlling factors of hydraulic fracture as well as its propagation
characteristics near the interface between production layer and barrier,a FEM-based code is employed and several numeri-
cal models are built to emphatically discuss the possibility and necessary conditions of the formation of double fractures.
The penetration phenomenon of hydraulic fracture near the interface between production layer and barrier is also numeri-
cally simulated. Numerical results show that the differential stress and perforation azimuth play an important role in the
initiation mode of hydraulic fractures. Either a higher differential stress or a higher azimuth can decrease the possibility of
fracture initiation and propagation along the perforation direction. If the cement sheath is failed,a fracture near the well
may initiate along the orientation of maximum principal stress. If both mechanical and hydraulic conditions are satisfied
a double fracturing mode, i. e. two fractures initiating synchronously along the orientation of perforation and maximum
principal stress,could be obtained. During propagating,,a weak interface between production layer and barrier may termi-
nate the fracture or induce the formation of T-shape fracture. A barrier with lower elastic modulus may help a fracture
penetrate through the interface and continue to propagate. The numerical results in this study are expected to provide
some references for the perforating parameters optimization and fracturing design of horizontal wells.
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Fig. 1 Comparison between numerical simulation and laboratory tests



506 AW E XA MR

5536 &

O

Oy

B2 HAp
Fig. 2 Numerical model
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Fig. 3 Numerical results
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Fig. 4 Variation of minimum principal stress in unit a and b during hydraulic fracturing process
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Fig. 5 Fracture initiating modes in models with different confining stress and azimuth
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Fig. 6  Front view of hydraulic fracturing mode
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Fig. 7 Double-fracture initiating modes in different models
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Fig. 9 Numerical model with fracture penetrating through interface
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Fig. 10 Numerical results of hydraulic fracture penetrating through interface
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