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1 Overview

The paper highlighted shows how not all engineering research is carried out in a laboratory or
field; fast computers give the ability to solve complex problems through programming. The
computer can follow a set of instructions and carry out 100’s of millions of calculations a
second. This paper shows how we can simplify a real world problem on a computer to find
a solution which would match experimental data collection. The problem consists of a fluid
flowing through a porous medium, which has applications ranging from carbon capture and
storage, pollution remediation and nuclear waste storage.

Paper: Xiong, Q., Baychev, T. G., Jivkov, A. P. (2016). Review of pore network modelling
of porous media: experimental characterisations, network constructions and applications to
reactive transport. Journal of contaminant hydrology, 192, 101-117.
https://doi.org/10.1016/j.jconhyd.2016.07.002

1.1 Key Terms

• Single-phase flow: Flow of a single fluid through a porous medium

• Multi-phase flow: Flow of multiple immiscible fluids through a porous medium.

2 Supporting Material

2.1 What is porous media?

Porous media is any solid material with voids in. The voids are known as pores, and they form
pathways through the material for fluid to flow through. The flow rate through the medium
depends on many properties, but predominantly the number of voids in the material. Figure 1
shows an example of a 2d porous medium with a corresponding velocity distribution solved.
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Figure 1: Flow through porous media (velocity distribution)[1]

2.2 Pore Network Models

All types of fluid flow are described by the Navier-Stokes equation, thus theoretically the Navier
Stokes equation can be solved (as in figure 1) and we can obtain solutions for velocity and flow
rates. The big problem is the Navier-Stokes equation is notoriously hard to solve, especially in
complex systems such as porous media. The solution can only be obtained in figure 1, because
the domain (size of material) is so small. For the intersting applications, the domain can be at
the km-scale thus the Navier Stokes equations become impossible to solve. This is where pore
networks help!

Figure 2: Pore Network Model. Left: An image of the porous material with the simplified pore
network model overlayed. Right: The 3d pore network model extracted from the images. [2]

Pore network models simplify the pore space geometry such that simplified versions of the
Navier-Stokes equations can be solved on a larger domain. The example shown in figure 2 shows
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perfectly speherical pores connected through so called ’throats’. This paper reviews methods
used to produce pore network models. Clearly the model is a simplification of the real porous
media thus some accuracy is lost. Different methods are suited to different types of porous
media, and the pros and cons are clearly highlighted.

3 Questions

1. What advantages are there to solving problems computationally (on computers) compared
with in a laboratory or field? (Conduct your own research)

2. Analyse the advantages and disadvantages of the methods used to characterise the pore
space.

3. Why are pore network models used?

4. Which method to produce a pore network model do you believe to be the best? Justify
your answer.

5. What are the advantages of using a two-scale pore network model?

6. In your own words, simply describe why this research area is useful? There are a list of
applications you can use as a starting point in the paper.
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