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Summary

Due to human activities water pollution has become a widespread phenomenon. An
understanding of the behavior and fate of chemicals, which are discharged to the aquatic
environment as a result of these activities, is essential to the control of water pollution.
In rivers the basic physical movement of pollutant molecules is the result of advection,
but superimposed upon this are the effects of dispersion and mixing with tributaries and
other discharges.

Some of the chemicals discharged are relatively inert, so their concentration changes
only due to advection, dispersion and mixing. However many substances are not
conservative in their behavior and undergo changes due to chemical or biochemical
processes like oxidation, photolysis, etc.

River models are mathematical representations of the pattern of concentrations in space
and time. A variety of techniques are employed, especially finite difference, to segment
the movement of the chemicals through a spatial grid in steps 2-dimensional grid in
space and time.

Such basic models have been extended to deal with particular problems. For example
pollution control legislation is generally framed in a probabilistic manner (e.g. in terms
of a 90 percentile concentration), so the corresponding models contain a stochastic
element to generate frequency distributions of concentration. River models have also
been formulated to simulate diffuse inputs, or deal with lateral variation of
concentration in wide rivers.

The lower reaches of rivers are generally subject to tidal influence. Such estuarine
reaches are hydraulically much more complex, and require specialized models.
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1. Introduction

Water quality models attempt to simulate changes in the concentration of pollutants as
they move through the aquatic environment. There are some pollutants that are
sufficiently inert for their concentration to be regarded as unchanging, except by
hydraulic processes like advection and dispersion. These are referred to as conservative
substances and are often employed in the calibration/validation of water quality models.
The basic mechanism involved in advection and dispersion is discussed in Section 2
since this affects both conservative and non-conservative substances.

Superimposed upon these mass transfer mechanisms, for the majority of pollutants, are
physical, chemical and biological processes which also cause changes in concentration.

The kinetic processes responsible for pollutant decay are discussed in Section 3.

The fate of a pollutant is the resultant of the interaction between mass transfer and
kinetic processes. The principal factors determining the fate of a chemical after
discharge, are the nature of the chemical and the nature of the environment. Even in a
relatively self contained system like a river there are interactions with the atmosphere,
the ground water and at the river mouth, the sea.

Idealized reactors are often used to represent the fate of chemicals as they pass through
a river system. Two types of reactor - CSTR and Plug Flow are described in Section 4.

Section 5 discusses the ways in ' which mathematical models of river water quality have
been formulated. It includes a brief mention of models for particular types of situation
but does not extend to estuaries, as the pattern of water movements are so complex as to
require specialized models.

Section 6 discusses the trends in river modeling.

In modeling the fate of chemicals in the environment, it is essential to define a specific
control volume for the model which must have a clearly defined boundary. The inputs
and outputs that move across the boundaries should be known as estimated by
numerical or empirical formulation. Besides these, the characteristics of transport
within the controlled volume and across the boundaries are necessary for modeling.
Furthermore, the reaction kinetics and rate constants of the model within the controlled
volume play important roles in the models.

A controlled volume can be as small as infinitesimally thin slice of water in a rapidly
flowing stream or as a large as an ocean. No matter how large it is, the important point
is that the boundary of it must be clearly defined so that the volume is known and mass
transport flux across the boundaries can be determined.

Generally speaking, at least four elements are necessary to successfully formulate a
mathematical model of polluting chemicals:

1. reliable field data on chemical concentration and mass fluxes information,
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2. a mathematical model formulation that can adequately reflect the real dynamic and
transport condition,

3. appropriate rate constants and kinetic coefficients for the model, and

4. the criteria with which to assess the model performance.

2. Hydraulic Mechanisms

It is important to appreciate that not all pollutants mix freely with water. There are
some chemicals which are immiscible and others which may have particle sizes and
density differences which cause them to rise or sink. However the majority of pollutants
which are in true solution, colloidal solution or in fine suspension, are carried along and
mixed by the movement of the water. The processes involved are advection and
dispersion, respectively.

Advection may be defined as mass transport in the aquatic environment at the velocity
of the bulk liquid. Any factors that influence flow would also affect the advective
transport. Dispersion refers to the spreading of a pollutant from a region of high
concentration to other regions of lower concentration. It is brought about at the
molecular level, over long time scales by Brownian Motion (i.e. random movement of
solute and solvent molecules), but at the macroscopic level and in much smaller time
scales it is due to eddy diffusion (i.e. transport due to random variations in the advective
velocity).

Chemical transport due to advection and dispersion can be described by the principle of
mass conservation and Fick’s law as following
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Where C = concentration, U; = average velocity in the i-th direction, X; = distance in the
i-th direction and R = reaction transformation rate. K; is the diffusion coefficient in the
i-th direction, and it is assumed to be constant.

The three dimensional advection-diffusion equation can be written as

2 2 2
G G Ly PC T

-R 2
ot ox oy oz tox* oy Coar? @

Where U, V, W = average in X, y, z direction, respectively, and K;, Ky, K, = diffusion
coefficient in x, y, z direction, respectively.

The modeling of chemical transport, based on (1) and (2) may be from zero-dimensional
to three-dimensional, as detailed in the following.

Some lakes or reservoirs in which strong turbulence exists and concentration of

chemicals is considered uniform, zero dimensional models are appropriate for such
lakes and reservoirs.
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Most rivers in practice are considered as horizontal linear networks of segments or
volume elements, especially for long, narrow and shallow rivers. A one dimensional
transport model is appropriate to these rivers.

A one dimensional model can be applied to narrow estuaries while some estuaries are
conceptually composed of multiple inter-connecting one-dimensional channels.

In modeling the hydrodynamics and water quality of relatively shallow estuaries, the
crucial assumption involves vertically well-mixed layers that allows for vertical
integration of the continuity, momentum, and mass transport equations (Benelmouffok
and Yu, 1989).

The two dimensional laterally average models require the hypothesis of uniform lateral
mixing in the cross channel direction. These models are the standard simulation
techniques for reservoirs or estuaries which have considerable variations of density and
water quality condition in the vertical and lateral directions.

For those lakes and estuaries in which chemical transport is caused not only by
advection but also by dispersion in the whole environment, three dimensional models
are normally used.
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