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Introduction 1
This thesis aims to develop a procedure for solute transport modeling in porous media
with multiple �ow domains using complex tracer data. The results from the procedure
will then be compared to models of pollution and geology at one of the most polluted sites
in the United States of America.

The project location of this thesis is the Hidden Lane Land�ll Superfund Site, referred to
as the HLLSS. Superfund Sites are de�ned as some of the most polluted sites in the United
States of America [EPA]. The site was an unpermitted land�ll during the early '70s and was
closed in the mid-'80s. In 1989 trichloroethylene (TCE) was found in drinking wells near
the HLLSS [Field, 2020]. Concentration was measured, which was 24000 times higher than
the legal maximum contaminant level [Field, 2020]. TCE is harmful to humans and can
cause life-threatening illnesses such as kidney cancer [Minnesota Department of Health].
As part of the United States Environmental Protection Agency's remedial strategy, a tracer
test was conducted to obtain more knowledge of the movement of �uids at the HLLSS. The
main aquifer at the HLLSS is located within a fractured bedrock layer, which makes the
movement of �uids more complex due to its multi-domain properties [Field, 2020]. This
resulted in some relatively complex tracer data with a signi�cant amount of peaks and
�uctuation.

Polluted sites are a major problem in both the United States of America and Denmark,
as they can pose serious threats to the health of the surrounding environment and its
inhabitants [EPA]. Currently, 133 Superfund Sites are assessed as "not under control"
in terms of the Human Exposure Environmental Indicator set by the United States
Environmental Protection Agency, meaning a potential for humans to be exposed to unsafe
levels of contamination [EPA, d]. According to U.S. Census data, in 2007, more than 25
million people lived within 10 miles of sites assessed as "not under control", according to
the Center for Public Integrity, more than a 100 schools were located within 1 mile; back
then, 114 sites were assessed as "not under control" [The Center for Public Integrity]. In
2022 the United States Environmental Protection Agency added an additional 12 sites to
the Superfund National Priorities List. Furthermore, 3.5 billion USD was invested into the
Superfund Remedial Program, and the Superfund chemical excise taxes were reinstated,
making it one of the biggest investments into legacy pollution in American history [EPA,
a]. In 2020 the Danish government announced that it would invest approximately 90
million USD into a cleanup of the 10 most polluted sites in the country. This was only the
estimated cost of the �rst phase of the cleanup [Miljøstyrelsen].
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1.1. Objectives

Some of these sites also have soil types with multi-domain properties, like the HLLSS, and
will therefore have similar complex �uid movement; an example is the GMH Electronics
EPA Superfund Site [EPA, b] or the Hanford Site [Martin, 2011]. Aquifers within fractured
media are especially challenging cause the fracturing is not continuous. A monitoring
well may intersect multiple signi�cant fractures for water and solute transport. However,
another well a meter away may not intersect any, and these wells can be quite expensive
to establish. Furthermore, fracture size can vary from a human hair to sizes which can
clearly be spotted in samples [Delvin, 2020] and [Field, 2020].

Tracer tests are therefore often used for these complex soil types, such as fractured
bedrock, due to the high variations in soil properties within the soil type. Thereby,
an average estimate of the hydrogeology over the scale of the tracer test is described
instead [Enviroforensics]. Due to the velocity variations caused by these discontinuous
fractures, the tracer data may lead to multiple peaks and �uctuations. Hydrogeologists
are then tasked with the complex challenge of evaluating this tracer data and using it to
obtain solute transport parameters, which are then used for a remediation strategy for
these pollution sites. Therefore, a simple tool for data treatment, assessing the number of
domains required to describe the tracer data, and solute transport modeling of it, would be
valuable to hydrogeologists when dealing with complex tracer data from fractured media.

1.1 Objectives

Four main objectives were identi�ed for this Master's thesis.

To identify the most promising wells and screens for tracer data analyses by making a
geohydrological overview of the Hidden Lane Land�ll Superfund Site (HLLSS) and using
the available experimental data to identify governing �ow direction and estimate levels of
tracer recovery.

Develop a robust, rapid, objective, and semi-automated procedure (FAST-MD) for
analyzing tracer data focusing on identifying dominating individual �ow domains and
their key transport parameters.

To use literature values for unimodal soil systems as an initial validation of the concept
by comparing with the parameter values obtained by FAST-MD.

Apply the obtained network of parameter values within the main tracer recovery area of
the HLLSS to evaluate existing models for geology and TCE concentrations.

2
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