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ABSTRACT

Many applications involving geomaterials, such as reservoir engineering, geothermal energy,
geological applications and waste storage, entail tight coupling between multiphase fluid flow,
transport, as well as thermo-mechanical and poromechanical deformations. Natural rocks are often
highly heterogeneous and consist of fractures, solid and fluid phases that form complex structures
persisting at multiple scales. Explicit incorporation of multiple scales of fractures and heterogeneities
into large-scale tightly coupled models is impractical and would cause tremendous computational
costs. Therefore, a multi-scale framework is required to capture the effects of heterogeneities on the
macroscopic behavior of large-scale reservoirs and geological systems.

In this work, we present a homogenization framework for multi-scale elasto-plastic layered porous
media. Subsequently, we demonstrate extension of the framework to coupled poromechanical and
thermo-mechanical problems. Contrary to continuum-scale constitutive models, the present
framework accounts for the coupling between planes of weakness and the matrix. In addition, the
proposed approach allows for separate micro-constitutive laws and properties for each layer, explicit
representation of layers with different properties and their distribution, as well as incorporation of
imperfect bonding between the adjacent layers. The homogenization framework developed in this
project would allow us to smear the effects of smaller-scale fracture networks, and incorporate the
homogenized behavior into large-scale multi-scale and multi-physics models in reservoir engineering
and geological applications. Simulation results show that the proposed model is able to capture the
anisotropic behavior of rocks with brittle and/or ductile layers. Numerical results are presented to
study the effects of orientation of planes of weakness, imperfect bonding, and the constitutive
behavior of individual layers on the macroscopic response of layered porous media.



