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Introduction

Fractured reservoirs are one of the most important
and complex hydrocarbon resources in the world,
especially in Iran. Considering the importance of
production mechanisms from fractured reservoirs, it
seems necessary to better understand these mechanisms
and their related parameters. Pore network modeling is
an efficient tool that utilizes rapid advances in imaging
and simulations of pore dimensions. This technology
enables to simulate a wide range of different
conditions, different flow regimes, different states
of oil production, composition of components and
different chemistry of fluids in the pore scale [1]. In
the last four decades, some researchers have developed
pore network models to describe fluid movement and
production mechanisms in porous media and fracture
networks. Later, some models have been developed
to investigate the phenomenon of gravity drainage in
fractured reservoirs. However, despite the combined
effect of molecular diffusion and gravity drainage
mechanisms in the fractured reservoirs under non-
equilibrium gas injection, to date, no study has been
published on the pore scale (discrete approach) that
has simultaneously investigated both mechanisms.
Gravity drianage mechanism is an important driving
force for oil recovery from fractured reservoirs under
non-equilibrium gas injection. Understanding the
combined effects of capillary and gravity-induced
flow and tracing the gas-liquid interface movement is
critical to mimicking the microscopic efficiency of gas
injection schemes.

Accepted: February/23/2022

Methodology

In continuation of the study presented by
Mashayekhizadeh and Rasaei [2, 3], we apply some
extensions to modeling the molecular diffusion
mechanism in a matrix block near the fracture by
considering the effect of gravity on the process of
molecular diffusion. As molecular diffusion and gravity
drainage usually occur simultaneously, considering the
force of gravity in the equations can be closer to the
synchronous reality of molecular diffusion in fractured
reservoirs. One of the most important objectives of this
study is to track the gas-liquid contact movement in the
throats because of the combined effects of capillary force,
gravity and diffusion. These effects do not necessarily
work in the same direction. During diffusion, the liquid
saturation decreases and the gas-liquid interface moves
deep in the model [2]. Because of the gravity drainage,
the gas-liquid contact moves in opposite directions,
increasing or decreasing the saturation of an element.

Model Description

In this work, a network consisting of 1159 throats and
416 pores with dimensions of 63 x 25 elements was
made. The throats were considered as tubes connected
to pores in a regular network with a coordination
number of 4. The porosity of the model is estimated
to be about 26%. The upper and lower boundaries of
the model are constant pressure, and the left and right
boundaries are periodic. The L.U. factorization method
was used to solve the system of linear equations.
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Results and Discussion

In the initial conditions, the system is fully saturated
by liquid phase and in the constant ambient pressure
conditions. By starting the process, the gas with the
desired pressure (from atmospheric pressure to pressure
of 10000 kPa) affects the liquid phase by diffuse the
liquid components in the gas phase, and over time,
the liquid pressure changes in different regions of the
model (Figure 1). Given that larger-sized throats have
more pressure, fluid flow will move from larger throats
to smaller ones. This causes temporary liquid clusters
and multiple contact surfaces in the system (Figure
2). The evaporation rate of the liquid component and
its transport in the gas phase depends on parameters
such as molecular diffusion coefficient, block height
to width ratio, mass transfer coefficient, surface
tension, vapor pressure and contrast of viscose forces,
gravity and capillary. These parameters themselves are
subject to fluid type, thermodynamic conditions and
physical properties of the system. The schematic of
phase distribution is shown in three selected time steps
at 4601.7 kpa pressure and temperature of 371 K in
Heptane-Methane system pore network model under
combined process of molecular diffusion and gravity
darianage in Figure 3. Also, by increasing the radius
of the throats, the depletion time of the liquid phase
increases significantly. In the selected range of 100 to
200 um, the depletion time occurs 17 and 4 times later
than the selected range of 20 to 50 and 50 to 100 um,
respectively (Figure 4).
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Fig. 1 Comparison of Heptane desaturation profile in dif-
ferent gases, different pressures and temperature of 371 K
(pressures are in KPa).
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Fig. 3 Schematics of phase distribution (Left to Right: Top
and bottom disconnected of the model, gas breakthrough and
Final stages of liquid depletion.
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Fig. 4 Effect of changes in the radius of throats in Heptane
desaturation (the radius of the throat is pm).

Conclusions

In this work, a 2D quasi-static pore network model is
developed to study molecular diffusion and gravity
drainage mechanisms separately in combination. The
results of this study show that, molecular diffusion and
gravity drainage mechanisms, by increasing the mo-
lecular mass of gas phase, the depletion time of the
liquid phase will be considerably longer. According to
the results obtained, the effect of increasing the length
of the throat does not prolong the depletion time of the
liquid phase as much as the increase in the radius of
the throat, due to the significant increase in the volume
of the liquid due to the increase in the radius of the
throat compared to the increase in the length of the
throat (which itself is a factor for slowing the desatu-
ration process), affected by the role of gravity in the
high-length throat, which causes faster depletion of the
throats that are in the path of gravity. And as a result,
the liquid phase desaturation process ends earlier.
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