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Abstract: - This article presents the problem of water pollution in rivers. The consequences of using iron
polluted water are examined. A scenario of iron dispersion for a sector of river Prut, town Ungheni
(R.Moldova) is modelled. The results are useful for preventing water pollution in "river-type" systems and for

determining the level of water quality.
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1 Introduction

»River-type” systems present a major source of
drinking water, and, therefore, their pollution
prevention is an important factor for the
development of each country. The World Health
Organization as well gives special attention to
drinking water quality. Statistical reports of the
World Health Organization state that one in four
patients of the hospital are suffering from a disease
transmitted through water. In Moldova, water
quality, in many cases, does not correspond to the
existing national standard [1, 2].

Iron water pollution presents a danger to the
human body. The permissible concentration of iron
in drinking water is between 0.15 to 0.2 mg/L. A
prolonged consumption of water with increased iron
concentration can cause vomiting, diarrheic, liver
disease and may even be toxic [3 - 6].

In rivers, iron occurs from two sources: natural
and artificial. The first source is iron because it is
present in soil and rocks. In deep waters it occurs
naturally in the form of organic iron. Each form can
be found alone, and in combination with others. Iron
is contained in rivers also because of industrial
wastewater and acid rains, acting directly or
indirectly on water systems [7 - 10].

The mathematical models of hydrodynamics for
"river- type" systems and of pollutants transport
were developed in this paper. Mathematical models
were used to generate numerical models for a sector

ISBN: 978-1-61804-148-7

95

of river Prut of town Ungheni in order to determine
the process of iron dispersion.

2 Problem Formulation

Freshwater rivers have a vital interest to the people
around them. Given that the Prut is an important
source of drinking water for Romania and
Moldova, its pollution presents a major risk to
health’s population of both countries.

The samples taken in July 2011 from a sector of
river Prut, town Ungheni, showed that they
significantly exceeded the maximum allowable
concentration (MAC) of iron. To determine the
temporal evolution of the pollutant, the modeling
problem of pollutants dispersion on the river Prut,
town Ungheni has been formulated

The hydrodynamics of the studied sector was
modeled using the system of Navier-Stokes
equations as Reynolds (1) and (2) together with the
continuity equation:
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In equations (1) - (3), h is water depth (m), u -
local velocity in the x direction (m/s), v - local
velocity in the y direction (m/s), t - time (s), p -
water density (kg/m®), g - gravity acceleration
(m/s?), E - coefficients of turbulent viscosity (Pa.s or
ka/m/s), H - geodetic share of the river bed (m), n -
Manning's roughness coefficient, { - empirical
coefficient on air friction, V, - wind speed (m/s), v -
wind direction (degrees counterclockwise from the
positive x-axis), w - angular velocity of rotation of
the Earth (rad/s), ¢ - place latitude [11-13].

In order to model the pollutant dispersion, the
two-dimensional equation of advection - dispersion
was used, applied to the turbulent flow regime [14]:
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In equation (4) c is the concentration of pollutant
(mg/L), Pxand P - turbulent diffusion coefficients
in the x and y, k - decay constant (s™), o - local term
source of pollutant (concentration unit/s), R(c) -
precipitation/evaporation (concentration unitxm/s)
[15].

3 Problem Solution

The numerical simulation was performed using the
program Surface-water Modeling System (SMS)
v.10.1.11.

We used the iron sample value C = 0.02 mg/L,
taken in July 2011, which exceeded the maximum
permissible concentration.

There were established the following boundary
conditions:

- Q = 543 m’s - the constant flowrate (was
assigned for the arc group at the inflow (top) cross
sections);
- H =46 m - the constant geodetic rate (was
assigned for the arc group at the outflow cross
sections).

The obtained hydrodynamics is shown in Figures

1-2.
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Figure 1. Variation in the depths of the sector
studied.

The field distribution of depths throughout the
study is observed in figure 1.

The velocity variation of water particles in all the
finite geometry elements of the studied domain is
shown in the figure below.
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Figure 2. Distribution of the resulting velocity
vectors.

It is noted that at the banks the water particle
velocity is lower than in the middle of the river. On
the right bank it reached the lowest value - 0.045
m/s. In some parts of the middle river water particle
velocity reached a maximum of 0.135 m/s.

The obtained results in the determination of iron
concentration field evolution are presented in
Figures 3-5.
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Figure 3. Iron dispersion after 2 hours from the
water confluence.
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Figure 4. Iron dispersion after 4 hours from the
water confluence.
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Figure 5. Iron dispersion after 6 hours from the
water confluence.

After 6 hours, we observe a decrease in the value
of iron concentration throughout the studied sector.
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At this point, the pollutant transport became
stationary.

Time variation of iron dispersion in the
confluence zone is shown in Figure 6.
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Figure 6. Iron dispersion in the confluence.

4 Conclusion

The problem of iron water pollution has been
studied in “river- type” systems. The problem
of the negative influence of iron on the human
body was presented.

There were developed mathematical models of
hydrodynamics and pollutants dispersion for "river-
type” systems. Mathematical models were generated
from two numerical models for a sector of river
Prut, town Ungheni.

The numerical model of hydrodynamics
determines the depths and velocities field in all the
finite elements of geometry of the studied sector. It
also serves as input data for generating the
numerical model of iron dispersion. The obtained
model can help to determine the evolution of iron
concentration field in space and time throughout the
studied sector.

The results are useful for determining the correct
level of water quality and pollution prevention. The
use of the pollutants dispersion model will
contribute to take environmental measures for
wastewater.
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