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We investigate the impact of heterogeneity on anomalous transport in porous
media. To this end, we derive a continuous time random walk model that
accounts for different injection conditions and that is parameterized in terms of
flow and medium properties only. This model is applied to experimental data
to reproduce solute breakthrough curves. We show how to include diffusive
processes to the model and we discuss their impact on average transport.

Abstract

Anomalous transport in heterogeneous media manifests in heavy-tailed break-
through curves and non-linear temporal growth of the variance of the solute
spatial distribution. The complexity of the description of this process arises
from the intrinsic heterogeneity of natural porous media, which can be found
at all scales of interest, ranging from pore to catchment scale. Moreover, het-
erogeneity manifests itself in a plethora of ways, including spatial correlation,
disorder and mass transfer between mobile and immobile zones.

The relation between anomalous transport and large scale transport in gen-
eral and transport-independent medium and flow attributes is an important
question for predictive large scale transport modeling. So is the quantification
of the impact of the initial or injection conditions of the transport system and
the role of diffusion on heterogeneity sampling and its representation in large
scale models. In order to approach the description of transport in geological for-
mations, we consider Darcian flows through random multi-Gaussian hydraulic
conductivity fields characterized by broad distributions of point values. Namely,
we consider high-variance log-normal fields and gamma fields. The latter are
taken as an example in which the mean and the variance of the K distribution
are not independent. On the basis of the statistical analysis over Eulerian and
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Lagrangian velocities performed by Hakoun et al. (in preparation) for these sce-
narios, where diffusion is neglected, we propose a CTRW model for transport
that is parameterized in terms of the Eulerian velocities PDF and the correla-
tion length of the velocity field. These quantities are transport-independent and
can be related to the properties of the medium in the framework of inclusion
theory [1]. The stationarity of Lagrangian velocities statistics depend on the
how particles are injected in the system [2], so we study the impact of different
injection conditions. In order to reproduce velocity transitions, we consider two
different models, which we compare. On one hand, we define an exponential
relaxation model and on the other hand we make use of the mean-reverting
Ornstein-Uhlenbeck process. Both models depend on the correlation length of
the velocity field, which can be estimated by flow analysis only and also re-
lated to the geometrical properties of the medium. The proposed model is valid
for transport in d-dimensional Darcy-scale systems characterized by spatially-
varying hydraulic properties. This model can be applied to field data proceeding
from the MADE experiment in order to reproduce the measured spatial profiles.
To do so, we model the initial distribution of velocities according to the char-
acterization of the hydraulic properties at the solute inlet. Finally, the relative
impact of diffusion and advective heterogeneity is taken into account. We ob-
serve that diffusion enhances velocity transition across streamlines and shortens
the correlation length. We define a time domain random walk (TDRW) model
that enables us to describe transport observables, such as the particle spatial
distribution, the moments of particle displacements and breakthrough curves.
The results of all the described models are tested with direct numerical simula-
tions.
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