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Electrical characterization of non-Fickian transport
in groundwater and hyporheic systems
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[11 Recent work indicates that processes controlling solute mass transfer between mobile
and less mobile domains in porous media may be quantified by combining electrical
geophysical methods and electrically conductive tracers. Whereas direct geochemical
measurements of solute preferentially sample the mobile domain, electrical geophysical
methods are sensitive to changes in bulk electrical conductivity (bulk EC) and therefore
sample EC in both the mobile and immobile domains. Consequently, the conductivity
difference between direct geochemical samples and remotely sensed electrical geophysical
measurements may provide an indication of mass transfer rates and mobile and immobile
porosities in situ. Here we present (1) an overview of a theoretical framework for
determining parameters controlling mass transfer with electrical resistivity in situ; (2) a
review of a case study estimating mass transfer processes in a pilot-scale aquifer storage
recovery test; and (3) an example application of this method for estimating mass transfer
in watershed settings between streams and the hyporheic corridor. We demonstrate that
numerical simulations of electrical resistivity studies of the stream/hyporheic boundary
can help constrain volumes and rates of mobile-immobile mass transfer. We conclude with

directions for future research applying electrical geophysics to understand field-scale
transport in aquifer and fluvial systems subject to rate-limited mass transfer.
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1. Introduction

[2] The fate and transport of chemicals in hydrologic
systems is commonly described by advection and diffusion
processes, and advective-dispersive transport models have
been developed to predict movement of contaminants in
diverse settings [e.g., Zheng and Bennett, 2002]. In both
model development and applied studies of solute transport,
the transport equations describe temporal solute concentra-
tion dynamics observed at a particular location—often the
“outlet” or end of a region of interest. In many heteroge-
neous settings, however, transport behavior during tracer
experiments or contaminant remediation does not fit stan-
dard advective-dispersive behavior. For example, long tail-
ing behavior may be apparent in concentration histories, or
contaminant concentration may rebound after pump-and-
treat remediation has ceased. These phenomena have
prompted many to hypothesize that other processes may
control contaminant or solute transport in hydrologic sys-
tems. Anomalous solute transport tailing behavior has been
observed in countless hydrologic settings and is commonly
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explained by diffusion and mass transfer between a mobile
and immobile domain or velocity variations based on
heterogeneity [e.g., Goltz and Roberts, 1986; Haggerty
and Gorelick, 1994; Harvey et al., 1994; Haggerty and
Gorelick, 1995; Benson et al., 2000; Feehley et al., 2000;
Harvey and Gorelick, 2000; Haggerty et al., 2002; Dentz
and Berkowitz, 2003; Zinn and Harvey, 2003]. Many of
these experimentally observed breakthrough curves have
been observed to be skewed toward late times, resulting in
“heavy-tailed” behavior.

[3] Anomalous tailing behavior, which may be controlled
by diffusion into low-permeability materials or by sorption,
severely impedes aquifer remediation [National Research
Council, 1994]. In this context, mass transfer can impose
limitations on the efficiency of pump-and-treat remediation
schemes, because contamination can diffuse slowly out of
less mobile pore space into the mobile pore space (Figure 1),
maintaining high concentrations for long time spans. Such
limitations can result in longer-than-anticipated cleanup
times [Haggerty and Gorelick, 1995]. Similar transport
behavior has been observed in watershed settings, where
solute exchanges between the stream channel and near-
stream aquifer or stagnant side pools [e.g., Bencala, 1984;
Wallis et al., 1989], where contaminant fate is controlled by
biogeochemical gradients. Quantification of processes
occurring at this interface impacts water quality and eco-
system services [Findlay, 1995; Brunke and Gonser, 1997].
The region near the stream that contains stream exchange
flows is defined as the hyporheic zone. How the hyporheic
zone buffers stream chemistry remains a critical area of
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