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A software package of realization of mathematical models of pollutants transport in rivers is offered. This
package is designed as a up-to-date convenient, reliable tool for specialists of various areas of knowledge
such as ecology, hydrology, building, agriculture, biology, ichthyology and so on. It allows us to calculate
pollutant concentrations at any point of the river depending on the quantity and the conditions of dis-
charging from several pollution sources. One-, two-, and three-dimensional advection-diffusion mathe-
matical models of river water quality formation both under classical and new, original boundary
conditions are realized in the package. New finite-difference schemes of calculation have been developed
and the known ones have been improved for these mathematical models. At the same time, a number of
important problems which provide practical realization, high accuracy and short time of obtaining the
solution by computer have been solved. In particular: (a) the analytical description of plane or spatial
region for which the diffusion equations and boundary conditions are investigated, i.e. the analytical
description of the bank line and the bottom of the river; (b) the analytical description of dependence
of coefficients of the equation on the spatial coordinates; (c) the analytical description of dependence
of non-homogeneous parts of the diffusion equation (i.e. the capacities of pollution sources) on the spatial
coordinates and on the time; (d) the correct choice of ratios between spatial steps of the grid, and also
between them and the step of digitations of time in the difference scheme.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

For solving the problems of analysis and control of the environ-
ment quality, it is necessary to process operatively big arrays of
measurement information about the parameters characterizing
its physical, chemical and biological aspects. This is possible to
do at a suitable level in accordance with up-to-date requirements
only by means of wide application of mathematical methods and
computers. For this purpose, it is necessary to create the auto-
mated systems and universal advanced software packages, in
which self-learning algorithms requiring minimal a priori informa-
tion and having a capability of adaptation to the most unexpected
changes in the investigated object are realized [1].

Among the most topical problems of control of environmental
water quality, the task of modeling of polluting substances propa-
gation in water objects should be emphasized.

The theoretical analysis of consequences of water pollution, the
economic estimation of damages and, on the basis of these investi-
gations, the development of methodical bases of determination of
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the efficiency of capital investments in environment protection
measures are impossible without the knowledge about the pro-
cesses of polluting substances propagation. The development of sci-
entifically justified programs of long-term planning of the measures
aimed at the reduction of discharges of individual sources, the esti-
mation of ecological perfection of different technologies, the devel-
opment of methods and means of the control, prognosis and
management of the environment quality are indissolubly related
to mathematical modeling of the processes of transport and diffu-
sion of harmful admixtures. The mathematical models describing
the formation and the development in time of the conditions of envi-
ronmental objects are used both at designing the monitoring sys-
tems at the pre-designing stage (the choice of the system structure
and the locations of measurement stations, the spatial-temporary
solvability of measuring devices and so on) and during the process
of their operation (algorithms of estimation of the object condition,
prognosis, emergency pollution sources detection and so on [1]).

2. Capabilities of the developed software package
2.1. General capabilities

The description of the applied program package created by
the authors for realization of mathematical models of pollutants
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transport in rivers is given in the work. It is designed an up-to-date
as convenient reliable tool for experts in different fields of knowl-
edge (biology, ichthyology, ecology, hydrology, building, agricul-
ture, etc.), allowing them to calculate the polluting substance
concentrations at any point of the river depending on the quantity
and the conditions of discharging from several pollution sources.
As the mathematical models of water quality formation in the river
under the influence of several pollution sources, spatially one-,
two- and three-dimensional advective-diffusion models at differ-
ent initial and boundary conditions (see below) are realized in
the package: (a) an advective-diffusion equation with non-local
boundary condition at the end of the controlled section with ac-
count for the coefficient of natural self-purification of the river;
(b) an advective-diffusion equation with boundary condition of full
mixing at the end of the controlled section; (c) an advective-diffu-
sion equation ignoring the vertical advection with non-local
boundary condition at the end of the controlled section with ac-
count for the coefficient of natural self-purification of the river;
(d) an advective-diffusion equation ignoring the vertical advection
with boundary condition of full mixing at the end of the controlled
section; (e) a diffusion equation with non-local boundary condition
at the end of the controlled section with account for the coefficient
of natural self-purification of the river; (f) a diffusion equation with
boundary condition of full mixing at the end of the river controlled
section. For the abovementioned mathematical models, there were
developed new computation schemes and advanced the known fi-
nite-difference ones [2,3].

In the package there are the options of inputting and editing the
initial data describing the geographical, geometrical and hydrolog-
ical features of the simulated section of the river, the condition and
the specific features of pollution of the river, the quantity and the
name of the pollutant of interest, the types of used models and
restrictions, the ways of assignment of these data, etc. There are
the options of choosing the language of dialogue with the package,
the conditions of computation realization, the desirable accuracy of
computation, the type and format of output of the results. At any
stage of working with the package, there is an option of help
concerning the methods which are realized in the package, the
capabilities and specific features of the package, the parameters
of tasks and obtained results.

2.2. Specific features of mathematical models realized in the package

Modeling of environmental water pollution is a challenge. This
is caused by a great number of factors affecting the pollution pro-
cess, by a wide variety of pollution types. The models describing
the processes of transport, dilution and self-purification of harmful
substances in water bodies for a rather small interval of time are
realized in the offered package.

The diffusion of polluting substances in rivers is most fully de-
scribed by the three-dimensional equation of turbulent diffusion of
non-conservative substances [1,4-6]:
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where @ is the time-averaged concentration of non-conservative
pollutant; t is the time; x,y,z are the spatial coordinates (the axis
x is horizontal and its direction coincides with the direction of aver-
aged current of the flow, the axis y is perpendicular to the free sur-
face and is directed downwards; the axis z is directed across the
flow); Ky,K,,K, are the coefficients of turbulent diffusion; V,,V
and V, are the time-averaged components of the speed of the river
flow; u is sedimentation velocity; (@) is the term describing the

non-conservatism of pollutants (very often there is used a simple
approximation of this dependence k(®) = k - @, where k is the coef-
ficient of non-conservatism); f(t,x,y,z) is the capacity of the pollu-
tion sources. Generally Ky, K, K, Vy, V), V,, k(®) coefficients are the
functions of space points and time [3,5].

The following models are realized: (1) a one-dimensional model
(m=1); (2) a two-dimensional model (m = 2); (3) a three-dimen-
sional model (m = 3). The three-dimensional model is the exactest.
Other models should be considered as special cases of the three-
dimensional model. As for their practical use depending on the
characteristics of the rivers and the tasks to be solved (see [7]).

If the considered section of the river stretches along the axis of
abscissas without deviations, the Cartesian coordinates are used in
the design algorithms. If, within the considered section the river is
twisting, then horizontal Cartesian coordinates x and y in the equa-
tions should be replaced by corresponding curvilinear coordinates,
longitudinal and cross coordinates { and #.

For calculation of the capacities of the pollution sources, we use
the following formula:
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o(r—r);  Fi(6) = pi(£) - S(0), (1.2)

where S;(t) is the concentration of the polluting substance dis-
charged into water by the jth source; r; is the radius-vector of action
of the jth source; t and r are parameters of time and space,
respectively.

The concentration of the polluting substance transported in the
river water is determined by the formula:

= &(t,r) - Po/P, (1.3)

where &(t,r) is the solution of diffusion equation (1.1); P is the
water rate at the current point; Py is the water rate in the upper
cross-section of the considered section, i.e. at x = 0.

The function @(t,r) is determined at t > 0 and r € G, where G is
the one-dimensional interval, the plane or spatial region, which the
diffusion equation is solved for. This region is determined by
means of the following inequalities:

0<x<3
n,(x) <y <m) (m=2);
0<z<HkXYy (m=3),

where 7,(x), ,(x) and H(x, y) are the given functions. Using the clas-
sical boundary conditions, we have 3 = 2L; otherwise 3 =L+ (L is
the length of the considered section of the river). The functions #,(x)
and #,(x) describe the position of the right and left banks of the river
on the horizontal plane, respectively. The function H(x,y) describes
the position of the river bottom in space, i.e. it determines the val-
ues of the water depth at different points.

Thus, it is possible to split the boundary of the region G, which
we shall designate by 9G, into several parts. Among them, there are
upper and lower cross-sections of the river in which x =0 and
x = 3, respectively. In the one-dimensional model, they are simply
the points which are extremes of the interval G. At m = 2, the
boundary 9G also contains the river banks, and at m = 3, - the side
walls (if they exist), the river bottom and the top free surface.

The initial and boundary conditions of the solution to the diffu-
sion equation look like:

®0,r)=So; P(t,1)|y =0

(So, 0 = const). The boundary conditions at the end of the consid-
ered section may be classical or non-classical. The classical condi-
tions have the following form:

9 per| =0

(condition of complete mixing); (1.4)
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