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Abstract

The intra-continental movement of waterborne contaminants is governed by
the distribution of solute load in the landscape along with the characteristics
and distribution of the hydrological pathways that transport the solutes.
An understanding of the processes affecting the transport and fate of the
contaminants is crucial for assessments of solute concentrations and their
environmental effect on downstream recipients. Elevated concentration
of nutrients and the presence of anthropogenic substances, such as
pharmaceutical residues, are two examples of the current problems related
to hydrological transport. The overall objective of this thesis is to increase
the mechanistic understanding of the governing hydrological transport
processes and their links to geomorphological and biogeochemical retention
and attenuation processes. Specifically, this study aims to quantify the
processes governing the transport and fate of waterborne contaminants
on the point, stream reach, and watershed scales by evaluating time series
obtained from stream tracer tests and water quality monitoring data. The
process quantification was achieved by deriving formal expressions for the
key transport characteristics, such as the central temporal moments of a unit
solute response function and the spectral scaling function for time series of
solute responses, which attributes the solute response in the Laplace and
Fourier domains to the governing processes and spatial regions within the
watershed. The results demonstrate that in addition to the hydrological and
biogeochemical processes, the distribution of the load in the landscape and
the geomorphological properties in terms of the distribution of transport
pathway distances have defined effects on the solute response. Furthermore,
the spatial variability between and along the transport pathways significantly
affect the solute response. The results indicate that environments with high
retention and attenuation intensity, such as stream-reaches with pronounced
hyporheic zones, may often dominate the solute flux in the watershed effluent,
especially for reactive solutes. The mechanistic-based framework along with
the evaluation methodologies presented within this study describes how
the results can be generalized in terms of model parameters that reflect the
hydrology, geomorphology and biogeochemistry in the studied area. This
procedure is demonstrated by the parameterization of a compartment-in-series
model for phosphorous transport.
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