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Thermal pollution of water bodies is an unavoidable consequence of thermal or nuclear power plant
operation. To minimize the detrimental effects of these plants, one should assess the nature of dangerous
zones. The most effective approach to solving these problems is the computational experiment. This
paper presents the results of a numerical study of thermal pollution in one of the largest thermal power
plants of Europe - Permskaya TPP, using the Kama Reservoir as a natural cooling system. Such problems
are traditionally solved in 2D formulation using the ‘‘shallow water” approximation. However, with this
approach it is impossible to take into account the vertical inhomogeneity of the temperature field. On the
other hand, 3D models, which can take into account the effect of density stratification, require very large
computational resources. In this work, a combined approach, based on a combination of computational
models in the 1D, 2D and 3D formulations, is applied.

� 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Today, water basins are the most widely used types of cooling
systems for large thermal and nuclear power plants. Their exploita-
tion often involves considerable problems peculiar to a particular
basin [1–3]. For small cooling basins the problems are associated
with the operating limits of a power plant related to a rise of the
temperature of water withdrawn from the reservoir [4], whereas
for large cooling systems the problems are related to thermal pol-
lution, changes in the ice-thermal regime, hydrophysical and
hydrobiological processes, especially in the areas of discharging
heated water [5,6]. A key to the solution of a variety of technolog-
ical and ecological problems is getting the comprehensive and reli-
able estimates of the parameters of temperature fields generated
by these discharges in relation to the technological and hydrome-
tereological parameters [7,8]. The necessary condition for solving
the problem of technological and environmental constraints
associated with the detrimental impacts of power plants on water
bodies is gaining complete and detailed information on the
temperature fields in various meteorological and hydrological
conditions.

The significance of the problem under consideration is deter-
mined by the fact that it came into the view of researchers in early
30-ies of the XX century giving impetus to the development of the
first applied models of ‘‘plane” hydrodynamics. There are several
reasons why finding solutions to these problems is a challenging
task. Among the most important complicating factors are the frac-
tality of morphometry of natural water bodies, considerable differ-
ence in the scales of natural and technological parameters, and
essential variability of hydrometereological factors. Generally, as
shown in [9], the coastline represents a fractal and therefore, even
a significant refinement of the computational mesh does not give
an equivalent increase in the efficiency of the approximation.

Earlier, the restricted efficiency of the computing facilities was
one of the main limiting factors. The most widely used approach
to these problems was 2D modeling based on the shallow water
approximation (see, for example [10–14]). In [9], the authors
describe the methods of computational hydrodynamics, which
are based on 1- and 2-D modeling. The compact finite difference
methods are described in [11]. In [12], a model of sea ice motion,
taking into account the atmospheric and water flows due to
temperature inhomogeneities, is constructed based on the data of
temperature monitoring in the Arctic and Antarctic regions. A
2D-numerical simulation of the spread of thermal pollution in
the coastal area of the Red Sea is performed in [13]. An effect of
thermal pollution produced by the Iran thermal power plant is
numerically investigated in [14] using the 2D approach. Consider-
ation is given to different weather scenarios and temperatures.

However, numerous data of field observations generated the
need for revising the formulation which is based on the
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two-dimensional representation of the examined fields and homo-
geneity of the depth distribution of water temperature. Therefore,
to obtain reliable results, it is necessary to use a 3D model. In
[15–19], the problems of thermal pollution are solved in the frame-
work of such models. Apukhtin et al. [15], the maximum tempera-
ture of water in the Beloyarsk reservoir (Russia) was computed
using a in-house code, in which the equations of hydrodynamics
in the hydrostatic approximation and the energy equation in the
3D approximation are solved by the finite difference method. In
[16], a three-dimensional computational package of hydrodynam-
ics (MIKE 3) is used to calculate the temperature field and flows in
the East –River river (New-York)) generated under the influence of
two thermal power plants (TPP). The computational grid composed
of triangular elements was refined near the hot water discharge.
An estimate of the maximum water discharge for the worst-case
pollution scenario was obtained.

The importance of appropriate resolution of spatial models for
correct estimation of the propagation of thermal pollution in rivers
is discussed in [17]. In [18] the authors discuss the possibility of
combining the models of one-dimensional (1D) and three-
dimensional (3D) approximations for studying thermal pollution
in lakes caused by a single source.

In works [19–21], a three dimensional numerical simulation of
turbulent mixing of water layers of different temperatures was car-
ried out based on the solution of the Navier-Stokes equations and
LES approach. Computations were done using a three – stage
scheme with parallelization. The computational aspects of the
LES approach were discussed in [22–24].

The results of three-dimensional numerical simulation of ther-
mal pollution spreading from the cross flow in the river are pre-
sented in paper [25]. The dependence of jet inclination on the
depth of the main stream was investigated.

In this paper, with reference to the Permskaya thermal power
plant, which is one of the most powerful thermal power plants in
Europe, we investigated the temperature fields generated due to
a discharge of heated waters taking into account the technological
and hydrometeorological parameters.
2. Methodology

2.1. In-situ measurements

The Permskaya TPP is situated on the left bank of the Kama
reservoir 5 km upstream from the city of Dobryanka and 60 km
upstream of the Kamskaya hydropower plant (Kamskaya HPP)
dam. Water is supplied from the Kama reservoir through the
intake channel and is withdrawn back into reservoir through
the discharged channel (Fig. 1). According to technical specifica-
tions, the capacity of the thermal power plant must be as large
as 4800 thousand kilowatt (6 power generating units, each of
800 thousands kW). Three power units of total capacity of
2400 thousand kW equipped with a direct cooling system are
currently in operation. The projected series of studies based on
the computational experiments were aimed at minimizing the
possible adverse environmental and technological impacts when
choosing the optimal cooling schemes for the power units under
development.

The Kama reservoir is morphologically a relatively shallow-
water zone, in which the average depth does not exceed 4–7 m.
Water from the reservoir is carried out through the water intake
channel (2.3 km long) and is withdrawn into the reservoir through
the discharge channel (900 m long). The width of the reservoir is
about 4.0 km. The inundated bed of the Kama river runs along
the opposite bank, where the maximum depth is as large as 23 m
(Fig. 2).
The most important parameter for restricting water usage in the
examined region of the reservoir is the maximum temperature in
the area of operation of the Permskaya TPP. According to the Water
Code of the Russian Federation, it is not permitted to increase the
temperature of water in surface water bodies due to the thermal
discharges by more than 5 �C, in comparison with the natural back-
ground temperature. Therefore, it is important to identify the
zones with maximum temperature for the hottest period of the
year. In this context, the procedure for evaluating the specific fea-
tures of zones, which may experience thermal pollution during
operation of the Permskaya TPP, was implemented in two steps.
At the first stage the parameters of temperature fields generated
by the discharge of heated TPP water were estimated based on
the in-situ measurements and the schemes of model calculations
were developed. The second-stage study concerned the verification
of the computational models and the implementation of the devel-
oped computational schemes to different scenarios.

In-situ investigations were carried out in the Kama reservoir
domain 16 km in length. The upper boundary of this region was
3 km upstream from the intake channel, and its lower boundary
was 10 km downstream from the mouth of the discharge channel.

A digital relief model (DRM) of the reservoir bottom and its
parts was constructed at a scale of 1:10000 for the normal water
level at the Kamskaya HPP (108.5 m.abs.) using a professional sur-
veying system. This system consists of a single beam Hydrobox
echosounder, a set of Topcon GR-5 GPS GNSS Glonass receivers,
and a hydrographical survey software package AquaScanOfficeGG+.
Based on the obtained results, a schematic map of the examined area
of the reservoir was constructed (Fig. 2).

During the field surveys, temperature measurements were
made across the area of the Kama reservoir and through its depth
under different meteorological conditions and operating condi-
tions of the Permskaya TPP. The temperature was measured at
1 m-depth increment with the WTW conductivity meters ProfiLi-
neCond 1970i at 16 measurement lines. The measurement points
are shown in Fig. 3. Daily processing of a great body of data pro-
vided information on the distribution of temperature over the
Kama reservoir and through its depth in the region of the Perms-
kaya TPP under specific weather conditions (Figs. 4 and 5).

Meteorological data such as air temperature, wind direction and
velocity, humidity, and pressure were recorded (at a 5 min record-
ing interval) in the automatic mode using a Kestrel 4500 portable
field meteostation.

Curves of temperature variation with the depth of the water
body were plotted in Fig. 5.

2.2. Combined computational approach

In the presence of vertical density stratification, three-
dimensional effects play a crucial role in the water dynamics. How-
ever, even with the use of modern computational resources, it is
impossible to construct a three-dimensional mesh for modeling
these effects with sufficient resolution for large water bodies of
hundreds of kilometers in length and tens of meters in depth.
The development of the combined models may be thought as an
effective way to overcome this difficulty. We developed a com-
bined approach including the in-situ measurements and the 1D-,
2D, and 3D numerical simulations. In this approach, the results
of 1D modeling are used to formulate boundary conditions for
the 2D problem and the results of the 2D modeling are used to for-
mulate boundary conditions for the 3D problem. Solution of a
number of important environmental problems solved successfully
using this approach [26–29] confirmed that it makes possible to
gain information on the considered ecosystem state very quickly
which allows to provide effective control of the power plants and
prevention of technological and environmental risks.



Fig. 1. Location map of the Permskaya TPP in the area of the Kama reservoir.
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3. Numerical simulation techniques

3.1. 1D/2D simulations

The regions subject to thermal effects produced by the
Permskaya TPP were modeled using the computational scheme
that combines 1D, 2D and 3D models. This scheme was chosen
due to the significant inhomogeneity of temperature fields across
the water area of the Kama reservoir and through its depth
and due to insufficient quantity of hydrological data. Further-
more, it should be noted that, even the most powerful
high-performance computing clusters cannot provide a three-
dimensional simulation of large areas of reservoirs. The areas in
which simulation was made using the 1D, 2D and 3D models,
are indicated in Fig. 1.

The 1Dmodel describes the entire water area of the Kama reser-
voir from the Kama river observation station near the village
Tyulkino up to the dam of the Kamskaya HPP. Simulations were
done using HEC RAS [30]. Application of this 1Dmodel made it pos-
sible to get necessary hydraulic data for the 2D model by analyzing
information about the water inflows into the Kama reservoir and
the operating regimes of the Kamskaya HPP.



Fig. 2. Depth distribution map for the Kama reservoir in the area of the Permskaya TPP for a normal level of water at the Kamskaya hydropower plant (108.5 m.abs.)
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The model of thermal pollution in the 2D formulation was
applied to the particular part of the Kama reservoir (Ust-
Garevaya village – Kamskaya HPP). There exists rich experience
in using the models with shallow-water approximation (including
the SMS code) for solving the problems of water reservoir hydrody-
namics [30]. In this study, simulations were carried out with the
licensed product SMSV 10.1 using the TUFLOW module [30,31].
The use of the 2D model allows us to qualitatively assess the veloc-
ity field distributions at different directions and speeds of the wind
blowing over the part of the Kama reservoir near the Permskaya
TPP (Fig. 6). The obtained results were used for the 3D numerical
modeling of hydrothermal processes in the examined region of
the Kama reservoir.

3.2. 3D simulations

The 3D hydrodynamical model was built for the part of the
Kama reservoir with linear dimensions of 1000 m adjacent to the
Permskaya TPP and including the water intake and water discharge
zones. The ANSYS Fluent software package was used for 3D simu-
lation on the computer cluster URAN located at the N.N. Krasovskii
Institute of Mathematics and Mechanics (IMM UB RAS, Russia). The



Fig. 3. Map with the measurement points location. Each point is denoted by two numbers, of which the first corresponds to the number of a measurement line, and the
second to the point number along the line.
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problem was solved using the non-stationary non-isothermal
RANS approach in the framework of the k� emodel for turbulence
closure.

4. Governing equations

The mass balance and the momentum equations are written as
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where q is the density, ui is the Reynolds-averaged velocity compo-
nents (i ¼ 1; 2; 3), p is the Reynolds-averaged pressure, and l is the
dynamic viscosity. The turbulent viscosity lt is the function of the
kinematic turbulent energy k and the rate of energy dissipation e:
lt ¼ qClk

2
=e, where Cl is a constant.

The equations for turbulent energy and its dissipation rate are
given as
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where Gk denotes the generation of turbulent kinetic energy due to
an average velocity gradients, Gb denotes the generation of turbu-
lent kinetic energy due to buoyancy, C1e; C2e are the constants,
and rk, re are the turbulent Prandtl numbers k; e respectively.

Stratification caused by changes in the water temperature is
taken into account as follows:
Gb ¼ gi b
lt
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:

Simulation of the turbulent heat transfer is performed using the
Reynolds-averaged model, which is similar to that of the turbulent
momentum transfer. Hence, the energy equation is expressed as
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where E ¼ chþ p
q denotes the total energy, h ¼ CpT denotes the sys-

tem enthalpy, jeff denotes the effective thermal conductivity, and
ðsijÞeff is the stress tensor deviator defined as
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where leff ¼ jeff Pr=Cp, is the effective viscosity, jeff ¼ jþ Cplt=Prt
is the effective thermal conductivity, Pr is the Prandtl number,
and j is the thermal conductivity coefficient.

The validity of the k� e turbulent model used for simulation
was verified by performing test calculations in the framework of
a higher-order model – the Reynolds Stress Model (RSM) [32–
34]. Since the difference between the obtained data does not
exceed 5%, the k� emodel has proved to be appropriate for further
calculations.

The temperature dependence of density was assumed to be lin-
ear, and the Boussinesq approximation was applied as the most
suitable one. The initial conditions were specified as the conditions
of homogeneous temperature and velocity throughout the fluid
volume, being equal to the temperature and velocity at the inlet
to the computational domain.

For the parameters Prt , G1e, C2e, Cl, rk, re the following values
were taken [35]: Prt ¼ 0:85, C1e ¼ 1:44, C2e ¼ 1:92, Cl ¼ 0:09,
rk ¼ 1:0, re ¼ 1:3. The dynamic viscosity was assumed to be
l ¼ 0:1 � 10�2 kg=ðm sÞ.

The spatial discretization scheme of the second-order accuracy
was applied. Simulation of temporal evolution was carried out
using an explicit second-order scheme.



Fig. 4. Temperature distribution over the water surface of the Kama reservoir in July 17, 2014 (NE wind, air temperature 24–28 �C, two thermal power units were in
operation, water discharge 40.5 m3/s, temperature of discharged water 27.8 �C).
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5. Boundary conditions

The boundary conditions imposed on the edges of the computa-
tional domain were the no-slip and fixed temperature conditions
specified at all rigid boundaries of the examined water basin
u1 ¼ u2 ¼ u3 ¼ 0; T ¼ T0;
At the inlet to the computational domain the main flow velocity
was assumed to have one nonzero component which was taken
to be constant over the inlet cross-section, and the temperature
was assumed to be equal to the background temperature of the
water:

ui ¼ Vi; T ¼ T0;

At water intake and water discharge points, the velocity and tem-
perature were taken to be constant: ui ¼ V0; T ¼ T0 at the water
intake channel entrance and ui ¼ V1; T ¼ T1 at the water discharge
channel exit. To take into account the wind stress at the river sur-
face, we used the formula s ¼ qairCW

2 presented in the work by
Wu [36], where qair is the air density, C is the dimensionless wind
stress coefficient and W is the wind speed at 10 m above the water
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Fig. 5. Depth-wise temperature distribution along some measurement points in the
area of the discharge channel of the Permskaya TPP for July 17, 2014. (a) –
measurement point 1.2, (b) – measurement point 1.4, (c) – measurement point 2.7,
(d) – measurement point 11.4 (location of measurement points is shown in Fig. 3).

Fig. 6. Velocity vector field for the 2Dmodel of the Kama reservoir in the area of the
Permskaya TPP (first scenario).
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surface. According to this formula, for 1 m/s <W < 15 m/s we have
C ¼ 0:0005W0;5. In the calculations we used the value C ¼
1:11e� 03 for W ¼ 5 m=s and C ¼ 1:41e� 03 for W ¼ 8 m=s.

The linear heat transfer law was used to take into account
heating of the water surface by the surrounding air, and the heat
transfer coefficient was selected based on the analysis of collected
in-situ measurement data.
Fig. 7. Computational mesh. The vertical mesh size is shown at 50-fold magnifi-
cation for perfect visualization, total area.
6. Meshing

A computational grid was generated by applying the Gambit 2.4
package of ANSYS Fluent. The number of nodes through the depth
of the computational domain was taken to be 21. The non-uniform
mesh was constructed using the bottom morphometric data
obtained from the in-situ measurements taken in 2014. In a hori-
zontal direction, the computational mesh consisted of tetragonal
elements with the characteristic linear size of 20 m, which were
uniformly distributed along the entire area, The mesh included
400 hundred thousands of nodes. A 3D picture of the mesh is given
in Fig. 7.
To adapt the morphological data available in a coordinate-depth
format to the capabilities of the Gambit mesh generator, the reser-
voir bottom morphology was represented as a set of simple geo-
metrical objects of some specified resolution, which were then
introduced into the file.

A special code was written to generate a batch file for the Gam-
bit grid generator of the ANSYS Fluent package based on the data
array, describing the reservoir bottom morphology. Thus, the com-
plex geometry of the computational domain was considered.

Some preliminary studies were conducted to obtain a numerical
solution to the problem of interest using the ANSYS Fluent. First,
we obtained a stationary solution to the examined problem ignor-
ing wind effects. Several hundreds of iterations were sufficient to
achieve convergence of the solution. Then, using a non-stationary
approach with the time step of 2 s we solved the problem taking
into account the wind effect.

7. Model verification

The model was verified performing the calculations for the con-
ditions of the Permskaya TTP recorded in July 2014 and comparing
the results with the data of the in-situ measurements. All the
related parameters are listed in Table 1. The computational period
(under prescribed conditions) was 3 days.

The results obtained from the calculations were the tempera-
ture and velocity fields at different wind directions and velocities
and the characteristics of the heated water discharge. Fig. 8 pre-
sents the temperature field in the upper surface layer of the Kama
reservoir.

Fig. 9 shows the numerical results on the vertical distributions
of temperature at some measurement lines, at which the in-situ
measurements were conducted (Fig. 3). A comparison between
the data from Figs. 5 and 9 demonstrates that the results of numer-
ical modeling agree well with the results of the in-situ measure-
ments, which supports the adequacy of the proposed model for
further scenario calculations. This conclusion is also confirmed by
the Fig. 10 where the numerical results obtained in the calculations
are compared with the field measurements of the vertical distribu-
tion of water temperature in measurement points 1.3, 2.3, 3.7 and
11.3.

8. Numerical simulations for different scenarios

Further 3D simulations were carried out for two different sce-
narios to assess the impact of the Permskaya TPP on the Kama



Table 1
Parameters used in the verification calculations and in the calculations for two main scenarios.

Discharge flow
rate (m3/s)

Discharge water
temperature (�C)

Number of
power units

Intake flow rate at the station located
10 km upstream from the city
of Dobryanka (m3/sec)

Intake water
temperature (�C)

Wind velocity and
direction (m/s)

Verification calculations 40.5 27.8 2 850 17 5 (Northeast)
Scenario 1 63 32.4 3 850 21.8 8 (Northwest)
Scenario 2 63 32.4 3 850 21.8 8 (Southeast)

Fig. 8. Temperature field (�C) in the surface layer of the Kama reservoir obtained in
the verification calculations.

16 18 20 22 24
T, °C

T, °C

T, °C
T, °C

-12

-8

-4

0H, m 1.5 1.21.31.7

16.8 17.2 17.6 18 18.4 18.8
-16

-12

-8

-4

0H, m
2.7 2.32.52.92.11

a) b) 

16.8 17.2 17.6 18 18.4
-20

-16

-12

-8

-4

0H, m 3.7 3.33.5

16 16.4 16.8 17.2 17.6 18
-12

-8

-4

0H, m

11.5

11.1

11.3

11.7

c) d) 

Fig. 9. Depth-wise distributions of temperature (�C) at different measurement lines
(0-water surface corresponding to 108.5 m abs); (a) first measurement line, (b)
second measurement line, (c) third measurement line, (d) eleventh measurement
line.
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Fig. 10. Depth-wise distributions of temperature (�C) at the measurement points
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symbols for the field measurements data.
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reservoir. Belowwe present the results of computation for two sce-
narios for being most interesting from ecological and technological
points of view.

At present, the Permskaya TPP includes 3 power generating
units. Usually, 2 power units are in operation. For this operating
regime we carried out the field measurements and verification cal-
culations. The third power unit is put into operation only in the
case of strong increase of power consumption, as usually happens
in winter when the temperature of water is very low. In summer
period this situation is rare but possible, and therefore it was also
included in the list of scenarios for calculations.
8.1. The first scenario

The goal of calculations for the first scenario was to determine
the maximum probable area of negative TPP impact on the reser-
voir (downstream) at a maximum fetch in the case of northern
bearing winds, which are most probable in the area under consid-
eration in July (see Fig. 11). The conditions arising from the imple-
mentation of this scenario are most unfavorable from the
viewpoint of ecological safety usage of water for recreational pur-
poses. The parameters for numerical simulation of this scenario are
given in Table 1. The computational time (under the examined
conditions) was 3 days.
8.2. The second scenario

The purpose of the calculations for this scenario was to evaluate
the probability of the ingress of heated discharged water into the
intake channel of the Permskaya TPP at extreme meteorological
parameters. The technological parameters for this scenario were
the same as in the first scenario. The hydrological and meteorolog-
ical parameters were also the same as in the first scenario except
for the wind direction which was south-east with the velocity of
8 m/s.
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9. Numerical results for different scenarios

9.1. The first scenario

The temperature field in the surface layer of water obtained in
3D calculations for the first scenario is shown in Fig. 12. Fig. 13a–d
give water depth-wise temperature distributions at measurement
lines 1, 2, 3 and 11 for the first scenario. It is seen from Fig. 13a,
b,c that at measurement lines 1,2,3 the heated water flow is direc-
ted downstream, and a significant inhomogeneity of depth-wise
temperature distribution is observed. At the intake channel
entrance (Fig. 13d, measurement line 11), no inhomogeneities of
temperature distribution through the depth of the reservoir and
across its width are detected. However, it has been found that on
the left bank of the reservoir, where a discharge channel is located,
the temperature markedly increases downstream.
Fig. 12. Temperature field (�C) near the water surface 3 days after the discharge of
heated waste water from the discharge channel. Scenario 1.
9.2. The second scenario

The most unfavorable, from a technological point of view, con-
ditions arise within the second scenario, at extreme southwest
winds. The ingress of discharge heated water into the intake chan-
nel of the Permskaya TPP may take place in this case. Fig. 14 pre-
sents the temperature field near the surface of water in the
Kama reservoir.

Simulations show that under these conditions (at strong winds
in the direction opposite to the course of a river) a 3D vortex is gen-
erated over a period of a few hours. The horizontal size of this vor-
tex is equal to the distance between the joints of the intake and
discharge channels with the Kama reservoir, and its vertical size
is equal to the river depth. This vortex is responsible for the initi-
ation of the heated water motion in the direction opposite to the
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Fig. 13. Depth-wise temperature distributions at different measurement lines: (a) –
first measurement line, (b) second measurement line, (c) third measurement line,
(d) eleventh measurement line. Scenario 1.

Fig. 14. Temperature field (�C) near the river surface 3 days after the ingress of
heated water from the discharge channel. Scenario 2.
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Fig. 15. Depth-wise temperature distributions at different measurement lines: (a)
first measurement line, (b) second measurement line, (c) third measurement line,
(d) eleventh measurement line. Scenario 2.
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river flow. In this case, for less than twenty-four hours the heated
water approaches the cooling water intake, which is extremely
undesirable from the technological viewpoint. A significant
depth-wise temperature inhomogeneity is also observed in this
case (Fig. 15), and the temperature gradient has the highest value
near the river bottom. The arrival of warm wastewater into the
water intake channel has very unfavorable consequences, since it
significantly reduces the efficiency of cooling, significantly increas-
ing the intake of water. These adverse effects are most pronounced
in the summer, the warmest period of the year.

The areas of the zones where the water temperature exceeds
the background value in the Permskaya TPP area of the Kama reser-
voir are presented in Fig. 16 for two considered scenarios. As one
can see, the area of the zone where the temperature exceeds the
background value by 5 �C is about 1.5 km2 for the second scenario
and 0.3 km2 for the first scenario.
10. Conclusions

Thermal pollution of water bodies is an unavoidable conse-
quence of the operation of thermal or nuclear power plants. In
order to minimize the negative effects of these plants, it is essential
to assess the nature of dangerous zones. When the depth of the
cooling water reservoirs exceeds 3–4 m, the wind is unable to pro-
vide vertical mixing and equalization of the water temperature
over the depth of the reservoir. As a result, large masses of denser
and colder water are formed in the bottom area of the reservoirs.
Due to density stratification, these zones are very stable. Such
zones play a crucial role in the formation of the thermal impact
of large energy complexes on water bodies. At the same time, the
traditional methods of calculations, ignoring density effects, in
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principle cannot describe these zones, which are very important
for understanding the environmental consequences. The novelty
of our paper is that we formulated the problem of modeling the
zones of thermal impact on large reservoirs taking into account
the influence of temperature on the density of water and the for-
mation of corresponding density effects. The formulated problem
was solved by analyzing the environmental and weather condi-
tions of the part of the Kama reservoir near the Permskaya thermal
power plant, one of the most powerful thermal plants in Europe.

Since the vertical temperature distribution in the cooling sys-
tems of thermal power plants is highly inhomogeneous, the com-
putations to the required accuracy should be performed in the
framework of 3D models. However, execution of such computa-
tions for large water bodies on the basis of the observation grids
with strongly restricted resolution involves considerable difficul-
ties due to the limited computing resources. In view of this fact,
we implemented a combined scheme of computations, which
includes the calculations based on 1D, 2D and 3D models. Accord-
ing to this scheme, the 1D model was constructed for the entire
water body, the 2D model was used for the region of 30 km length
adjoining the Permskaya TPP, and the 3D model was applied for
the region of 10 km, which involved the intake and discharge chan-
nels of the TPP. A comparative analysis of the results of the 3D sim-
ulation and the experimental data demonstrated that the proposed
scheme is quite efficient for simulation of temperature fields and
estimation of their characteristics within the most unfavorable sce-
narios from the viewpoint of ecological and technological factors.

Summing up, we have considered two closely related problems,
of which one is related to the estimation of risk of entering the
warmwater discharged from discharge channel to the intake chan-
nel, and the other is concerned with the calculation of the zones of
thermal pollution of water reservoir is motivated by the need to
estimate the influence of large power plants on the bio-resources
of water reservoirs. Because of the peculiarities of technical use
of these plants, the inflow of warm water from the discharge chan-
nel to the intake channel is a very negative factor. It may cause a
great increase in the quantity of water supplies for technical pur-
poses, which substantially worsens the economic indices of the
TPP. These calculations allowed us to obtain a reasonable estimate
of the zones of the possible thermal impact on the water reservoir
at different operating regimes of the TPP and under different mete-
orological conditions. The calculations allowed to obtain the rea-
sonable estimate of the zones of possible thermal impact to
water reservoir at different regimes of TPP work and meteorologi-
cal conditions.
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