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Abstract In this work, we construct a new coupled Multiscale/Discrete Fracture Model for compressible flow in
a multiporosity shale gas reservoir containing networks of
natural and hydraulic fractures. The geological formation
is characterized by four distinct length scales and levels of porosity. The window of observation of the finest
(nanoscale) portraits the nanopores within organic matter
containing adsorbed gas. At the microscale, the medium is
formed by two solid phases: organic, composed by kerogen aggregates, and inorganic (clay, quartz, calcite). Such
phases are separated by the network of partially-saturated
interparticle pores where microscopic free gas flow influenced by Knudsen effects along with gas diffusion in the
immobile water phase occur simultaneously. The upscaling
of the local flow to the mesoscale gives rise to a nonlinear
homogenized pressure equation in the shale matrix which
lies adjacent to the system of natural fractures. Homogenization of the coupled matrix/preexisting fractures to the
macroscale leads to a microstructural model of dual porosity type. Such homogenized model is subsequently coupled
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2
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with the hydrodynamics in the network of induced fractures
which, in the context of the discrete fracture modeling, are
treated as (n − 1), (n = 2, 3) lower dimensional objects.
In order to handle numerically the nonlinear interaction
between the different flow equations, we adopt a superposition argument, firstly proposed by Arbogast (1996), in each
iteration of a fixed-point algorithm. The resultant governing equations are discretized by the finite element method
and numerical simulations of gas production in stratified
arrangements of the fracture networks are presented to
illustrate the potential of the multiscale approach.
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1 Introduction
The continuing demand for energy supplies plays a key
role in the global energetic scenario. The huge exploration
of conventional resources over the past years gave importance to alternative sources of energy. In this scenario, the
exploitation of natural gas from unconventional reservoirs,
such as shale gas, tight gas, and coal bed methane gained
significant interest. Within this class of geomaterials, shale
gas reservoirs are of utmost importance and exhibit macroscopic response somewhat correlated with the highly complex macrostructure which produces, among other features,
very low permeability values in the range of nanodarcies
[30]. The shale matrix is formed by inclusions of organic
aggregates (kerogen particles and nanopores) and inorganic
matter (clay, quartz). Such solid phases are intertwined by
a network of interparticle pores of variable size which provides the pathways for microscopic gas flow. Together with

