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ABSTRACT 

Shales reservoirs have a high degree of anisotropy due to the presence of natural fractures (NFs) and also the orientation of 
beddings. Thus, hydraulically induced fractures (HFs) interact with natural fractures and build a network of fractures with 
complex morphology. The construction of a network of fractures significantly increases the conductivity of the formation, as it 
connects previously isolated fractures and pores, thus increasing the productivity index of the wells and providing greater 
economic viability in the shale gas/oil reservoir designs. This work presents the main parameters that have influence on the 
fractures generated in shales, aiming to understand their effects in shale rock and avoid problems in of the hydraulic 
fracturing design. 
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INTRODUCTION 

The generation of oil occurs in sedimentary basins such as lakes, oceans, 
rivers and marshes, where sedimentary rocks with large amounts of fine 
grains, clay and silt are deposited over millions of years and carrying a 
certain volume of organic matter accumulated in the interior of their 
pores, Such rocks are called source rocks [1]. After the maturation of 
the organic matter present in the source rock, a natural fracture 
occurs in the same one, due to the conditions of high pressure and 
temperature, generating the primary migration of the hydrocarbon for 
its later imprisonment in a rock with high permo-porous properties, 
denominated rock reservoir. 

The next step of the conventional petroleum system generating 
mechanism is to surround the reservoir by means of traps and a 
sealant rock, i.e., with low permeability, e.g. evaporite (salt) or shale 
itself, thereby preventing the hydrocarbon be drained to other layers. 
The shale gas/shale oil system is different from the conventional 
reservoirs (CR) mentioned above, since shales are part of a group known in 
the literature as non-conventional reservoirs (NCR), because the 
primary migration hasnot yet occurred and also, because the shales have 
low permo-porous properties. Thus, the drilling operation is done 
directly on the source rock, so the shales are classified as source-
reservoir rocks (SRR) [2]. 

By around 2012, more than 55,000 wells have been drilled in shale gas 
reservoirs in the USA and as many wells are drilled for the 
development of an area, reducing the cost of well construction is an 
important aspect to be considered in a project of exploration and 
development of the production of shale gas/oil reservoirs, especially 
when the selling price of the gas/oil falls. 

The main challenge of petroleum engineering for the exploration and 
production of shale gas/oil reserves is that their geomechanical properties 
are very different from conventional reservoirs. The development of 
numerical methods that simulate the behavior of the network of 
complex fractures in shale gas/shale oil reservoirs has been a huge 
challenge among engineers of stimulation and researchers of the 
petroleum industry in the last decade. As previously mentioned, the 
traditional models used in conventional reservoirs do not adequately 
reproduce the behavior of the fracture network in shales [2].Thus, 
unconventional models for the adequate modeling of the problem 
take into account the effects of very low permeability, high heterogeneity 
and also anisotropy of the formations [2-4]. 

Parameters Influencing Shale Gas/Shale Oil Reservoir 
Complex Fracture Network Construction Fracturability 

For a hydraulic fracturing operation in shales to be successful, it is 
necessary that the rock possess great fracturability property, 
i.e. the skill of the shale to propagate the dominant fracture with
several secondary fractures connected to it, in order to obtain the highest
volume value of stimulated reservoir. High fracturability is associated with
friable shale regions, with high modulus of elasticity and low Poisson ratio.
Under these conditions a wide and stable fracture network is created.
The low fracturability occurs in ductile regions of the shale, with low
modulus of elasticity and high values of Poisson’s coefficient. In these
regions, the network of fractures is largely closed due to deformation,
since it is a region with greater ductility [4].
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Net Pressure 

The net pressure, i.e., the difference between the injection pressure of the 
fracture fluid and the difference of the horizontal stresses of the rock, 
has direct correlation with the construction of the network of 
complex fractures, since the higher the liquid pressure, the greater the 
extension of the network of fractures. Olson & Dahi- Taleghani (2009) 
showed that the net pressure directly influences the construction of the 
network of complex fractures. Normally the analysis of the influence of 
the liquid pressure on the interaction between hydraulic fractures and 
natural fractures is carried out by means of the net pressure 
coefficient. 

Dynamic Viscosity of the Fracturing Fluid 

The dynamic viscosity of the fracturing fluid in shales has a direct 
influence on the construction of the fracture network, because as the 
viscosity of the fluid increases, the extent of the fracture network is 
significantly reduced. Experimentally, it has been found that a high 
viscosity fracturing fluid contributes to the generation of the planar 
fracture pattern and a low viscosity fluid, such as slickwater 
fracturing, generates the network pattern of complex fractures. Thus, 
compared to conventional hydraulic fracturing, slickwater fracturing 
achieves higher SRV. 

Pumping Rate 

Gomaa investigated the influence of the fracture fluid pumping rate 
during the hydraulic fracture operation using slickwater in shales 
and realized that the increase in flow rate provided a reduction in the 
fracturing pressure of the sample [3]. In a hydraulic fracturing project in 
shale gas/shale oil reservoirs, the mechanical properties and 
mineralogical composition of the rocks are of great importance, 
considering that for the estimation of fracture pressure it is necessary to 
know the gradient of over bourden, horizontal stresses, modulus of 
elasticity and Poisson’s coefficient. These parameters, related to the 
mineralogical composition, provide the coefficient of rock fragility[5]. 

Horizontal Stress Field 

Ren found experimentally, through a triaxial test in a naturally 
fractured medium that the HF propagates along the NF to low values 
of horizontal stress difference and crosses the natural fractures to high 
values of tension difference horizontal, generating change in the behavior 
of the network of complex fractures [6-8]. 

The shale’s britlleness is directly correlated with its mineralogy, 
modulus of elasticity and Poisson’s coefficient. As the concentration of 
feldspar, quartz and calcite containing silicon or calcium increases, 
clay concentration decreases and increases the brittleness of the rock, i.e. it 
reduces its capacity to undergo deformation under the action of tensile 
stress in the elastic regime. As the rock fragility increases, natural fractures 
occur due to compression efforts of the upper layers, generating more easily 
a network of complex fractures by means of the hydraulic fracturing 
operation with the use of low fracture fluids dynamic viscosity, e.g. 
slickwater fracturing. The volume of clay in the rock matrix is on 
average more than 30% of the sample and this quantity limits the 
volume of gas inside the shale pores, making the rock more ductile. 
Thus, the HF extends mainly in a simple plane of fracture similar to 
the conventional model in two wings instead of a network of 
fractures [7]. 

CONCLUSIONS 

This work showed that for the stimulation of a given payzone of shale 
gas/shale oil by means of the construction of a complex network of 
fractures, several geomechanical, hydraulic and geometric parameters 
are directly correlated. 

In this way it was verified that: 

The higher the net pressure coefficient the higher the SRV. 

In fragile shale gas/shale oil reservoirs, with low values of dynamic 
viscosity of the fracturing fluid, the construction of the network of 
complex fractures occurs with greater ease. 

As the pumping flow of the fracturing fluid increases, the pressure 
required fracturing the formation decreases, but in the field, high 
pressure values are applied to ensure that the formation is fractured. With 
this, there is a need to hire more trucks equipped with high pressure 
pumps, increasing the CAPEX of the project. 

The operational sequence and intervals between fractures influence in the 
construction of the network and increase of the SRV, since neighboring 
fractures disturb the field of tension of the formation, generating the 
stress effect shadowing, causing a curvature in the fractures located in the 
ends of the spacing between fractures and reducing the size of the fracture 
located at its midpoint due to the reorientation of the stress field in 
the vicinity of the generated fractures and reducing the permeability of 
this stimulated region. This reorientation of the tensile field also 
provides a change in the propagation direction of the HFs. 
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