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Fluid flow and mass transport in geological materials are crucial in diverse Earth science applications. To fully
understand the behavior of geological materials in this context, the pore scale properties of these materials
have to be investigated and related to effective material properties. Imaging techniques are becoming ever
more valuable tools to characterize the microstructure (especially in three dimensions), while numerical models
to calculate transport properties based on experimental images of the microstructure are quickly maturing. The
results of image-based modeling studies depend crucially on both the employed model and the quality of the
pore space image on which the model runs. Given the technicality and the cross-disciplinary nature of this mat-
ter, this review aims to provide a practical and accessible introduction to both the experimental and numerical
state-of-the-art, intended for students and researchers with backgrounds in experimental geo-sciences or com-
putational sciences alike.
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1. General introduction

Fluid flow andmass transport in geological porousmedia (e.g. rocks,
sediments, soils) are crucial aspects of several important geological ap-
plications, e.g. hydrology, petroleum engineering, CO2-sequestration,
sub-surface storage of nuclear waste, geothermal energy generation
and building stone performance. To reduce uncertainties related to
these systems and to increase their efficiency, accurate predictions
of their behavior over time have to be made. This is typically done by
running large-scale numerical models (on the order of meters to kilo-
meters), which use constitutive equations to describe the behavior of
the geological materials in question. They therefore require the input
of effective material properties such as porosity, permeability, and
dispersivity, which are characteristic of the geological materials in
which the processes take place. These materials are composed of min-
erals on the one hand and pores or fissures/cracks on the other hand.
Properties of the pores and minerals, such as geometry, size, surface
area, connectivity and distribution have a strong effect on thematerial's
behavior. The internal microstructure, the chemical composition, and
themacroscopicmaterial properties are indeed strongly and directly re-
lated to each other. Therefore, understanding why and how the macro-
scopic features of the materials vary over space and time requires the

examination of the material's microstructure. Given the complexity
and the heterogeneity of many of these natural porous media, such a
deep understanding is crucial, as it is often impossible to acquire and
test all the relevant samples at all the relevant conditions (e.g. in the
case of kilometer-sized geological reservoirs). Experimental measure-
ments of transport properties in this context are often difficult, ex-
pensive and time-consuming, making models at the scale of the
material's microstructure (typically termed “pore scale”) an attractive
tool to supplement directmeasurements, to enhance the understanding
of a material's behavior, and therefore to help interpolate and extrapo-
late effective material properties.

The different transport processes to be modeled in this context can
be classified as single-component ormulti-component flows (i.e. multi-
ple chemical species may be mixed in the same fluid phase); single-
phase andmulti-phaseflows (i.e.multiple immiscible or partiallymisci-
ble fluids may be present) and non-reactive or reactive flows (i.e. fluids
in the pore spacemay react with each other or with the solid minerals).
In nature, these processes often take place simultaneously and may be
strongly coupled. The behavior may be driven by several forces, includ-
ing gravity, capillarity, thermal forces, entropy and applied hydraulic
pressure. While the processes and driving forces may differ between
different porousmedia applications (which are not limited to geological
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