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In the context of two-phase flows in porous media, Tyagi and Jenny (2008) have discussed the potential of
particle-based schemes to simulate macroscale transport using the information of microscale flow dynamics.
However, with the uncertainties in heterogeneity characterization and additionally, modeling challenges, ob-
taining a well-informed picture of microscale dynamics is not feasible. Instead, a probabilistic description can
be used which focuses on the Lagrangian evolution of fluid elements and the properties associated with them,
e.g., scalar concentration [Tyagi and Jenny (2011)].

In probability density function (PDF) methods, for example, computational (stochastic) particles, characterized
by their position and properties, are used. Particles evolve as per stochastic processes which are defined such
that the computational particles and fluid elements are statistically equivalent [Pope (1985)]. We devise a
stochastic particle framework that simulates multi-phase, multi-species transport in a fractured porous media
with a permeable matrix.

We adopt an Embedded Discrete Fracture Model (EDFM) where the discretization of the matrix is independent
of the fracture geometry, and the fractures are treated as lower dimensional manifolds [Hajibeygi et al. (2011),
Deb et al. (2017)]. The flexibility of using a structured grid for the matrix makes EDFMs better suited for
particle-based transport models. The matrix-fracture interfaces are not resolved within the grid-cells, which
motives a probabilistic description of particle transfer between the matrix and the fractures.

In Monga et al. (2020), we presented a conservative stochastic particle-tracking scheme for advective, sin-
gle phase solute transport in fractured reservoirs. This scheme uses a continuous time Markov process for
inter-continuum exchange, characterized by particle transfer probabilities. These probabilities depend on the
particle pathline and scale with the particle’s time to traverse a grid cell.

The focus of the current work is to extend the above stochastic particle scheme to model saturation evolution in
a multi-phase immiscible flow. Similar to Tyagi et al. (2008), particles propagate in the physical (and property)
space(s). Macroscale quantities like the saturation are defined by particle ensembles (over finite volumes). In
our work, a particle has an additional attribute, i.e., its continuum state, and the transfer probabilities govern
its evolution. The ensemble-derived flux is consistent with the macroscale laws for the average flux given by,
e.g., Darcy’s law and flux functions for fluid exchange between continua.

The hyperbolic nature of non-linear saturation transport and a finite ensemble size pose a challenge for particle
methods, mainly in terms of capturing saturation discontinuities. We tackle this by adding minimal dispersion
to the transport.
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