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Abstract

In the present work, numerical simulation experiments were performed to examine the
Influence of fractures on the flow of dissolved CO, plumes using the density driven (i.e.,
convective mixing) model. Porous media domain with a size of 500 m by 200 m (x-z plane)
was used In the present work. The impacts of fracture aperture, fracture angle and fractures
Intersection on the movement of CO, plumes have been investigated comprehensively.
Single fracture scenarios with varied inclined angle and multiple fractures with horizontal,
vertical and combination of these two were examined. We found that the fractures play a
vital role by serving as superior flow pathways for water and CO, plumes. The distribution
of CO, rich fingers is comparatively even at the top boundary of the computational domain
without fractures, further it is extended into the fractured area. Porous media with fractures
brings an active matrix-fracture mass transfer which results in rapid CO, dissolution. In the
field scale model, 200 fractures are randomly generated with aperture varying from 1 mm
to 5 mm, and length from 5 m to 50 m. Our results demonstrates that high connectivity of
fractures leads to enhancement in the dissolution of CO, in the water
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Introduction

Carbon dioxide (CO,) emissions increasing rapidly due to the consumption of fossil fuels
and their concentration in the atmosphere due to human and industrial activities. CO, storage
In geological formations is one of the viable and secure solutions. The injected CO, in the
porous media can be trapped In the physical and chemical mechanisms. Physical trapping
occurs In the early stages of the CO, injection (Structural/stratigraphic and residual), and
chemical trapping occurs later when CO, starts to dissolve in the brine (solubility) or interact
with sedimentary rocks (i.e., mineral trappings) (Emami-Meybodi et al, 2015; Aminu et al,
2017; Kim et al.,2019).

In the dissolution trapping, mass transfer by molecular diffusion is a very slow process and
takes a long time to dissolve CO, into the water/brine. CO2 dissolution into brine causes a
rise in the density of water/brine from 0.1% to 1% (Garcia, 2001; Rezk and Jalal, 2019). The
CO, saturated water/brine can superimpose the fresh water/brine, and it will lead to
Instability in the porous media. This process Is known as density-driven natural convection.
The convective mixing that occurs in this process expands the dissolution of CO, In
water/brine, and replaces the continuous phase from water/brine to CO, saturated
water/brine.

Objectives

* In the present work, a numerical model was utilized to Investigate the impacts of
fractures in porous media on the transport of dissolved CO, In porous media.

* The effects of the fracture angle, fracture aperture, and intersection of fractures were
Investigated on the density-driven CO, convection.

Mathematical formulation

The governing equations for convective mixing consist of continuity equation and
convection-diffusion equation. The continuity equation for the porous media and fracture
are given in Eq. (1) and Eq. (2)

0(Pm —kom .
(d;t 2 v (PT (Vp — ,09)) = Qm for matrix ...... (1)
prp k
dy (a{ ) Vr - (dfpzf (VTP)> = dfQm for fracture ...... (2)

The convection-diffusion equation for transport of dissolved CO2 In matrix and fracture
are given in Eq. (3) and Eq. (4)

a(aptc) 42 (‘gzlc) +V-(DVc) + (uVe) = 0 for matrix ...... (3)
df (a(aptc) + a(q;,:c) +V:-(DVyc) + (ch)) =0 for fracture ...... (4)

The density of the mixture is defined as a function of concentration and volumetric
expansion coefficient and given in Eg. (5) and Eqg. (6).

P = ,DW,O(1 +Bcc) (5)
1 (dp
po=—(%) L (6)
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Fig. 1. Arrangements of fractures: Vertical, horizontal, brick fracture and randomly

distributed fractures.
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Fig. 2. Spatiotemporal variation of dissolved CO, (c/c,) in homogeneous porous media
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Fig. 3. Spatiotemporal variation of dissolved CO, in water (c/c,) and impact of fracture
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Fig. 4. Spatiotemporal variation of dissolved CO, in water (c/c,) (Fracture set-2,

Fracture set-3, and Fracture set-4)
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Fig. 5. Spatiotemporal variation of dissolved CO, (c/c,) in water and impact of fracture aperture
(Fracture set-5)
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Fig. 6. Spatiotemporal variation of dissolved CO, (c/c,) in water in large fractured porous media
(fracture set-6)

CONCLUSIONS

The present work focused on the impact of fractures on the density-driven convection in the
porous media for storing of CO, In two-dimensional model. Numerical simulations were
conducted using the six fracture sets, which includes the orientation, intersections with
different fracture lengths. The following conclusion were made based on the numerical
Investigations conducted.

It was found that the fractures playing an important role in the movement of CO, plume
(i.e., fingers) Iin downward direction and movement of water in upward direction. Large
number of fracture intersections crates eddy flows near the fracture and their intersections
which improves the mass transfer between rock matrix and fracture. Furthermore, it will
enhance the dissolution of CO2 In water. It was also found that the connectivity of fractures
expands the amalgamation of CO, plume into to bigger plumes.

A geological formation containing complex fracture network with intersections facilitates
the transportation of CO, to deeper sections within the formation. It will improve the
dissolution of CO, in water compared to the homogeneous scenario and also improves the
movement of fluid in the reservoir.
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