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The impact of fluid viscosity and injection rate
on geometry of the fracture network
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Abstract: According to the field observations and core observations, there is a high chance that

a complex fracture network has been induced by hydraulic fracturing, which is greatly affected
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by natural fractures. Predicting the fracturing effects in the fractured reservoirs with numerical
methods could help optimize the operation parameters such as fluid viscosity and injection rate.
In this study, the displacement discontinuity method is employed to model deformations of both
natural and hydraulic fractures, while the finite volume method is applied to calculate the fluid
flow within fractures. The propagation of hydraulic fractures complies with the F energy
criteria while different stress states determine three forms of natural fractures: closing, sliding
and opening. By coupling the fracture deformation and fluid equations, the propagation of
hydraulic fractures in naturally fractured reservoirs can be simulated. Since the operation
parameters can be subject to artificial adjustment, it is critical to understand the role of each
parameter in the fracturing process. Field data and experimental results indicate that speedy
injection of highly viscous fluid is more likely to induce a fairly concentrated fracture network.
This study compares the initiation and growth of secondary crack on primary natural fractures
to illustrate that the growth of secondary cracks is facilitated by high fluid viscosity or high
injection rate, as a result of which, more hydraulic fractures grow along the direction
perpendicular to minimum horizontal stress. Thus, a more concentrated fracture distribution is
observed. In addition, high fluid viscosity or injection rate tends to generate the fracture larger
in opening, shorter in length and smaller in area of contact with natural fractures. With less
viscous fluid injected at a low rate, a wide distributed fracture network can be expected and the
natural fractures have more chances to have shearing failure.

Keywords: natural fractures; fluid viscosity; injection rate; displacement discontinuity method
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Fig.3 Normal displacements, shear displacement, fluid pressure and fracture configurations

corresponding to different viscosities and injection rates
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Table 1 Lengths of hydraulic and natural {ractures corresponding to different fluid viscosities

WK B /mPa s JEZ544E K /m KSR 44 K /m
5 27.680 5 41.766
30 27.584 3 29.214 7
100 26,117 7 25.313 7
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