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Introduction: The development of numerical simulation of unconventional shale gas reservoirs has been accelerated 

due to its major contribution in hydrocarbon production. Natural fractures in the host rocks have substantial impacts 

on the developed of artificial fractures created during hydraulic fracturing [1, 2]. The objective of this study was to 

exanimate the coupled hydro-mechanical process during hydraulic fracturing in a typical shale rock formation, 

embedding a system of well-behaved, horizontal plate-like natural fractures. 

Method: The Stimulated Reservoir Volume (SRV) modeling technique was integrated with the finite element 

approach to simulate a 3-D poroelastic porous matrix. Distinct walls of fractures were defined as 2-D interior 

boundaries while the fluid flow was set within the fractures (Fig. 1a). Moreover, the input data for the numerical 

model was limited to injection pressure, the geometry of the hydro fracture (radius, width, and height) and of the 

natural fractures (extension, width, and height), fracture conductivities, SRV dimensions, and permeability. These 

input data were sufficient to create a typical formation of a shale gas reservoir. All other potential input parameters 

of hydraulic fracturing such as fluid types, fluid amounts, pad volume, slurry volume, proppant types, proppant 

amounts, ramp slope, maximum proppant concentration, injection rate, breakdown pressure, and closure pressure 

were neglected and shall be considered in future studies. In SRV modeling of shale formation, three stages of hydro 

fractures were set along the wellbore having a distance of 25 m to the domain vertical boundaries and to each other. 

As shown in Fig. 1b, the hydro fractures were originated from the wellbore perforation and oriented in vertical 

direction, perpendicular to the minimum in-situ stress plane. On the other hand, the natural fractures were modeled 

based on the shale’s fissile and laminated nature [4]. In doing so, natural fractures, with different extensions and 

heights, were defined in horizontal plates, parallel to the minimum in-situ stress plane (see Fig. 1b). This led the 

hydro fractures to propagate perpendicular to the natural fractures plates. To get an insight over hydro-natural 

fracture interactions, the propagation of the hydro fractures was divided into eight different increments. At each 

propagation increment, the hydro fractures were postulated to meet new pre-existing natural fractures. The 

corresponding numerical method was verified versus a benchmark model [3]. Wendland and Himmelsbach [3] 

established the benchmark problem where contaminated water flows through a 3-D fracture-matrix system. 

Results and Discussions: The preliminary contours of pressure and hydraulic head at the last propagation increment, 

shown in Fig. 1c and 1d, illustrated that the existing natural fractures triggered a path of least resistance to the static 

pressure that is imposed by intersected hydro fractures. Therefore, new highly permeable regions were accessible to 

the fluid flow throughout the reservoir. The fluid flow formed in both vertical plates of hydro fractures as well as 

horizontal plates of natural fractures. The horizontal flow showed reverse directions at each stage of perforation, 

thus, created the pressure reinforcement at the vicinity of each hydro fracture. 

Conclusion: In summary, this numerical study was conducted to address the propagation of the hydro fractures in 

eight different increments. Each propagation increment represents the hydraulic fracture radius of 10, 15, 20, 25, 30, 

35, 40, and 45 m. Therefore, the results of these eight simulations can be seen as one quasi-transient simulation. The 

advantage of this method is the dramatic reduction in computational effort and efficient approach to investigate the 

growth of fractures. In addition, the system of the natural fracture network (SNFN) was generated in horizontal 

plates based on laminated and fissile feature of shale gas reservoirs, evidenced in shale outcrops. In the results, the 

impact of the current realisation of SNFN on the stimulated reservoir volume was evaluated during the interaction of 

hydro fractures with natural fractures. It was also seen that the natural fractures opening became wider during the 

hydraulic fracturing. The consequences of opening the horizontal plate-like natural fractures during the hydraulic 

fracturing were investigated due to poroelastic behaviour of porous matrix. Lastly, a substantial permeability was 

then created due to the fact that the network of the horizontal plate-like natural fractures became connected via 

vertical hydro fractures.                                                



  

  
 

Figure 1: a) SRV model and its size. b) Wellbore, hydro fracture and natural fractures within the SRV. c) Contour of 

pressure at the last propagation increment with hydro fracture radius of 45m. d) Contour of hydraulic head at the last 

propagation increment with hydro fracture radius of 45m. 
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