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Introduction 

Discontinuities are one of the most prominent features of rocks of the Earth’s upper crust, these are the 
result of the action of different geological, mechanical, thermal and chemical activities over millions of 
years. The term rock mass was created to describe the in situ medium containing intact rock material and 
rock structures such as joints, faults, fractures, bedding planes and folds. Traditionally, rock masses are 
considered as a continuous, homogeneous, isotropic and linear elastic material in engineering practice. 
However, they commonly occur as discontinuous, inhomogeneous, anisotropic and non-elastic materials in 
nature. Although, it is well known that discontinuity networks influence flow and geomechanical behavior of 
naturally fractured reservoirs, their effect in deformability and permeability properties is not usually taken 
into account in reservoir simulators. Therefore, the determination of hydraulic and geomechanical 
properties is of great importance in characterization of rock mass formations. Inclusion of fracture patterns 
described by discrete fracture networks (DFN) in coupled reservoir-geomechanical simulations is 
necessary to capture the influence of discontinuities in the reservoir life cycle operations. 

Operational parameters for in situ thermal recovery projects continue to be influenced by the Joslyn 
steam release event that occurred in May 2006.  Immediate investigations following this caprock failure 
occurrence and substantial research and studies conducted since that time have not altered imposed 
regulatory conditions of an additional margin of safety being applied to the maximum operating pressure 
for in situ thermal projects. The geomechanical behavior of both the reservoir (oil sands and IHS) and 
caprocks (silts/shales) has received increased attention over the last decade because its potential 
influence on production performance  and caprock integrity assessments. Heterogeneities in both the 
reservoir and caprock can significantly impact how these zones behave under in situ thermal recovery 
processes and in general, greater attention (as expected) has been given to the flow characteristics of 
heterogeneities.   

Method 

This talk will cover three separate but related studies examing the role of discontinuities/heterogeneties on 
geomechanical response of formations.  In the first study, geomechanical analyses are conducted on a 
fractured medium in the assessment of caprock integrity (Alireza Khani, PhD in progress). Multiple 
realizations of a fracture network in caprock are implemented to reflect various geomechanical and 
geometrical properties of fractures. A distinct element code is utilized to evaluate the possible mechanisms 
of caprock failure in a fissured and non-fissured caprock. Then, three-dimensional numerical models 
including caprock and overburden are simulated under different load conditions and properties to assess 
the impact of steam injection pressure on caprock displacement, surface heave, joint normal and shear 
displacements as well as failure modes.  

The second study explores the role of facies heterogeneity within SAGD reservoirs (Bo Zhang, PhD in 
progress). The deformation and potential shear failure within the reservoir leads to alterations of porosity, 
absolute permeability and water relative permeability due to high pressure and temperature changes 
induced by the SAGD process. Discounting the impact of these geomechanical responses in the simulation 
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of the SAGD process can potentially lead to erroneous prediction of reservoir performance and erroneous 
prediction of the deformations imposed on caprocks over the life of a SAGD project. While it is important to 
include sufficient resolution in the geological models employed for SAGD reservoir simulations, inclusion of 
geomechanical models at similar resolutions result in significant increases in computational time. 
Consequently, geological simplifications are common for geomechanical models and their properties are 
usually assumed to be homogeneous because of insufficient constitutive data and uncertainty in 
quantifying the effect of heterogeneity on the geomechanical response of reservoir. To improve our 
understanding of these issues, a numerical investigation is conducted for a range of spatial correlated 
sand-shale sequence realizations of oil sands to analyze the heterogeneity effect on stress-strain behavior. 
Volume fraction, spatial range and inclinations of shale are found to be dominant on geomechanical 
response and quantitatively studied in in geomechanical simulations by FLAC3D 5.0. 

The third study introduces a new concept in the treatment of very large scale DFN’s in reservoir 
geomechacnical simulations where the extent and magnitude of the “fractures” included in the network 
preclude their inclusion in modeling (Abel Juncal, PhD in Progress). A coupling approach is proposed to 
include the effect of a DFN in reservoir coupled simulations. Several simulators are linked following a 
coupling scheme. A DFN is used to represent small and large scale features in the reservoir as joints and 
major faults. The complex fluid flow processes are captured by a reservoir flow simulator. A large scale 
continuum geomechanical simulator is used to determine the deformation change due to the new stress 
field induced by changes in temperature and pore pressure in the reservoir at each simulation stage. A 
virtual rock mass laboratory is developed by means of a discontinuum geomechanical simulator to obtain 
and update new values of hydraulic and anisotropic mechanical properties of the equivalent continuum 
representative of the fractured medium due to changes in pore pressures and temperatures. It is the hope 
that this approach can provide some insights in the influence of geomechanics in the management of 
fractured formations sensitive to stress changes. This novel approach is ideally suited to improving how 
reservoir geomechanical simulations are conducted for unconvential reservoirs. 


