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Abstract

There are millions of potentially contaminated and contaminated sites in India and abroad. Field
and experimental data on the characterization of such sites are available in the literature. The focus
of this thesis work is to study the processes and parameters of contaminated sites in detail and
assess and develop mathematical models that can aid in the initial assessment of contaminated
sites. The analytical models available in the literature along with the field data of contamination
sites have been compiled and analyzed. Descriptive statistical analysis of the various field
parameters at contamination sites, and data analysis primarily focused on the steady-state plume
lengths (Lmax) have also been performed. This study provides multiple scenarios for various
analytical models, consisting of several necessary assumed parameters including dispersivity
parameter. Liedl et al. (2005) and Maier and Grathwohl (2006) have been found to estimate better
for shallow aquifers, leading to smaller ratios of estimated to field plume lengths. Alternative
methods such as Liedl et al. (2011), BIOSCREEN-AT models, and simplified numerical modeling
are recommended for highly estimated cases, as well as the concept modification/ development of

analytical models.

Also, the transverse dispersivity, which is among the most critical parameter for solute transport
has always been found to be missing from the sites database. The parameter has been studied
extensively and a detailed table that encompasses values of the transverse dispersivity and other
parameters has been presented. Further analysis of dependencies of the transverse dispersivity has
been made, and an empirical relationship has also been proposed for the estimation of the
transverse dispersivity using the Peclet number. Contamination Assessment and Site-management

Tool (CAST), a graphical user interface for the initial assessment using simple models has been



developed and hosted on IIT Delhi website, along with the contaminant site data and transverse

dispersivity data

The present investigation also proposes a novel solution, i.e., a hybrid model for estimating steady-
state plume lengths in 2D and 3D scenarios, including the influence of recharge rates and source
geometry. A hybrid analytical-empirical solution has been developed by the superimposition of
analytical models and empirical models. For that, a large number of simulations from a numerical
model (using MODFLOW, MT3D) have been run to obtain Lmax, num With varying recharge and
source geometry parameters. The simulated results have been analysed through plots and
consequently an empirical function has been hypothesized. The MATLAB® Curve Fitting
Toolbox™ has been used to fit the custom equation on the simulated data for evaluating Lmax, hyb
using Lmax, ana. The empirical function takes care of the additional complexity not considered by
the analytical model. The hybrid model provides a relationship between Lmax and recharge rate,
with all the other assumptions still valid, as stated in the analytical development of Limax in the base

model.

The performance of the proposed hybrid model has been evaluated by comparison with the field
data. The proposed hybrid model improves the estimation of the field Lmax significantly. While the
proposed hybrid model improves the estimation of the field Lmax significantly, it is essential to
consider its limitation and applicability. These include the two-dimensional, homogeneous
isotropic domain with only horizontal groundwater flow. Besides, the reaction system in the
domain is limited to an instantaneous bi-molecular reaction that may only be very suitable for very
rapidly reacting contaminants. Furthermore, the role of dispersivity has not been assessed in the

current study. The selection of a base analytical model should be done more rigorously. However,



in this work, analytical model of Liedl et al. (2005, 2011) have been used as base model due to its

simplicity, requirement of less data and being vertically oriented model.

The proposed models can be used for the pre-assessment of contaminated sites as the accuracy for
estimation is found to be higher in comparison to the analytical solution, thus making them more
relevant. Given that hybrid models are being proposed for aiding risk management tools, minor

overestimations can be overlooked.
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