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ABSTRACT: The article presents the results of in-kind measurements and numerical modeling of the formation of
water characteristics in the Kama River, which is used for technical water supply in the production of potash fertilizers.
In the warm season, risks arise that threaten the sustainability of the water supply. It was found that in the summer,
when the studied section of the Kama River is backed up by the Kama Hydroelectric Power Station, there is a significant
decrease in flow rates, which leads to vertical stratification of water properties. This, in turn, significantly limits the
possibilities of using water from the bottom zone. Under conditions of significant water discharge from the reservoir,
this section has river conditions with significantly higher flow rates. Under such conditions, intense vertical mixing
of water masses occurs, which improves the consumer properties of water necessary for sustainable water supply. The
results of numerical modeling carried out within the framework of the three-dimensional approach confirmed this
conclusion. It is shown that with an increase in the flow rate in the channel near the water intake, the concentration of
salts decreases, which is an important factor in ensuring high-quality water supply.
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1 Introduction

The problem of supplying water to industrial enterprises and the population of large cities is very acute
for many countries of the world. The hydrochemical regime, and therefore the quality of water, is determined
by a number of factors, both natural and anthropogenic [I-5]. Researchers investigating such problems
are often confronted with changes in water quality indicators in the area of water bodies and the depth of
water bodies. Currently, there are a large number of works in the literature devoted to the construction of
water quality models, solving problems of optimal water resource management, and creating an integrated
algorithm for improving the state of the environment [2-6].

In the production of potash fertilizers, the problem of water intake with specified characteristics is
acute. The industrial water supply of the Solikamsk-Beznikovsky industrial hub is largely carried out from
surface water bodies, primarily from the Kama River (Kama Reservoir). Their hydrochemical regime is
formed under the influence of filtration discharges and wastewater discharges formed on the territory of the
Verkhnekamskoye potassium-magnesium salt deposit [7-9]. Accordingly, the content of macrocomponents,
primarily chlorine ions, as well as sodium, potassium, and magnesium, increases significantly in the water
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of the Kama River [7-9]. At the same time, modern technological equipment often imposes fairly strict
requirements on water quality. For example, if the MAC for chlorides for water bodies used for domestic
and drinking purposes is 350 mg/L, for fishery purposes, it is 300 mg/L, and the technological standards for
a number of production cycles are 100 mg/L. A violation of the quality of the water taken can lead to the
stoppage of production processes and significant financial losses. In this regard, in recent years, interest in the
study of the formation of the hydrochemical regime of water bodies located in areas of active technogenesis
has increased.

In world practice a great number of works is devoted to the study of properties of water masses, including
such peculiarity as the formation of vertical stratification. As a rule, the causes of vertical stratification of
water masses are temperature gradients. The reasons for such changes can be different: first of all, it is the
influence of climatic [10] and anthropogenic [11] factors, past this feature of geothermal areas in the area of
volcanoes [12], the influence of thermal regimes of different water bodies on each other [13] and others.

In solving both applied and fundamental problems, the analysis of temporal variations in the stratifi-
cation of water masses, the study of the mechanisms of formation of vertical heterogeneity of water masses
are of great interest. Therefore, since water temperature is characterised by significant daily and seasonal
fluctuations, much more attention is paid to the study of the stratification of water masses due to the
temperature factor [14,15]. For example, reference [14] examines the effects of water level fluctuations and
short-term climatic variations on the stratification of reservoirs in British Columbia. Influence of seasonal
variations in water temperature on water quality stratification in Brazilian reservoirs [16]. The formation of
temperature stratification processes in reservoirs is actively studied in the context of ensuring the effective
and stable operation of once-through and return cooling systems of large power complexes [17].

However, the stability of the heterogeneous distribution of water masses associated with water minerali-
sation very often plays a decisive role in solving problems related to ensuring the stability of the functioning of
water supply systems and surface water bodies [18]. These issues are particularly relevant for water located in
zones of active techno genesis [19], in areas of river confluence characterised by low velocities and significant
differences in water mineralisation [20]. As a rule, the considered stable formations of vertical heterogeneity
of water masses, caused both by temperature and water mineralisation, have a seasonal character with a
duration of ~100 days, however, when solving applied problems, one has to deal with significantly shorter
processes of formation of vertical heterogeneity of water masses [21].

2 Methods and Materials

The study area of the investigated water body, the Kama reservoir, is located in the temperate climate
zone, in the middle latitudes in the area of the second largest city of the Perm Territory of the Russian
Federation—the city of Berezniki (Fig. 1). This area is the pinch-out zone of the Kama reservoir. This reservoir
is a long-term and seasonal regulation reservoir. It has a length of more than 300 km, a maximum width of
about 14 km, and a maximum depth of about 30 m. In the warm season, when the water level in the reservoir is
maintained near the normal headwater level —108.5 m abs in its canal part, the depths reach 15-20 m, and low
flow velocities of ~0.1 m/s are observed. In winter, there is a significant depletion of the reservoir by 6-7 m,
which leads to typical river conditions. In this section of the Kama River (Kama Reservoir), the problems of
technical water supply for large enterprises of the Solikamsk-Beznikovsky industrial hub are actively solved.
A characteristic feature of this zone is the presence of filtration discharges of highly mineralized brines caused
by a complex combination of natural and anthropogenic factors. It is important to note that this area is the
center of development of one of the world’s largest deposits of potash and magnesium ores.

A characteristic feature of the hydrochemical regime of the Kama River (Kama Reservoir) in the area
of the city of Berezniki is the significant vertical inhomogeneity of water masses observed during the warm
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period. Since this phenomenon was not observed throughout the entire water area and not throughout
the warm period, it has not received due attention until recently, although it was repeatedly recorded
by researchers during detailed hydrochemical surveys [9,10]. This was primarily due to the fact that this
phenomenon did not fit into the framework of traditional ideas about the formation of the hydrochemical
regime of reservoirs, with the labor intensity of such studies, as well as the need to use special means of water
sampling and measurements.

The main limiting ingredient determining the quality of water in the considered section of the Kama
Reservoir is chloride ion; this indicator is monitored at water intakes. At the same time, the specific electrical
conductivity of water is very closely related to the total mineralization of water, determined primarily by
the content of chlorides in it. Currently, there is a whole line of certified devices that allow for prompt
and highly reliable measurements of the specific electrical conductivity of water, taking into account a
number of “interfering” factors, including water temperature. The assessment of changes in the value of
total mineralization of water both in the water area of the considered section of the reservoir and in depth
was carried out using this indicator. The total length of the section was about 7 km. The distribution
of the measurement verticals on it is shown in Fig. 1. In the area of the control point there is a large
discharge of wastewater from the industrial unit of this area. During the warm period, measurements of the
specific electrical conductivity and water sampling on the verticals were carried out monthly. The interval of
measurements by depth was taken as 1 m with insignificant vertical gradients, with a decrease to 0.5 m—in
zones of significant vertical inhomogeneity. Conductivity measurements were performed by a portable field
conductometer WTW 1970i (manufactured by Germany), equipped with a protected sensor with a cable
length of 20 m. Water samples were taken from deep horizons using a specialized bathometer.

Some meteorological and hydrological characteristics observed during field work are presented
in Table 1.

As the measurements have shown, during the passage of the spring flood wave (13.05.21, water flow
rate—5708 m’/s), the observed values of specific electrical conductivity were minimal and had a uniform
distribution over the reservoir depth. This result is explained by the high share of weakly mineralized surface
runoft in the formation of the spring flood, as well as by the significant intensity of vertical mixing of water
masses. During the summer-autumn low water period, with significantly lower water flow rates (Q~350-
650 m?/s), the situation is different. The natural background vertical shows the homogeneity of water masses
in depth (Fig. 2). Significant vertical heterogeneity is recorded on the control vertical adjacent to the main
wastewater outlet in Berezniki (Fig. 3).

At the same time, the presence of stable stratification on verticals located at a considerable distance from
this water outlet requires additional special studies. In the work [9], a significant role of diffuse sources in
the formation of pollution of water masses of the Kama Reservoir in the Solikamsk-Bereznikovsky industrial
hub was shown. Highly mineralized waters, when entering the Kama Reservoir, can create local zones of
increased mineralization in the bottom region. A stable density stratification is formed in a water body [9],
if the density Froude number is less than the critical value. This number is defined as Fr = V*/ [gh (8p/p)]
where (8p/p) is the relative difference in the density of the considered water masses, & is the characteristic
depth of the water mass interface layer, g is the acceleration of the composite fall, V' is the characteristic flow
velocity, H is the characteristic depth. It should be taken into account that for small values water density is
linearly related to mineralization.

A characteristic feature of the section of the Kama Reservoir under consideration is that it is located in
the zone of variable backwater from the Kama Hydroelectric Power Station, and accordingly, its hydrody-
namic regime is determined not only by the flow rate of the Kama River, but also by the operating mode of
the Kama Hydroelectric Power Station.
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Figure 1: Layout of control verticals on the Kama River in the Berezniki area
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Table 1: Meteorological and hydrological characteristics observed on the dates of field work on the Kama Reservoir in

the Berezniki area

Date  Wind speed, m/s

Wind direction Water flow Kama river—Tyulkino settlement, m*/s

13.05.2021 1 South-South-West 5708
18.06.2021 2-3 North-North-West 486
20.07.2021 2-3 South 412
10.08.2021 2 North 525
31.08.2021 1 North-North-East 366
13.09.2021 2 South-South-West 603
23.03.2022 - Ice cover 240
Water conductivity, pS/cm
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Figure 2: Distribution of water conductivity by depth on the background vertical
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Figure 3: Distribution of specific electrical conductivity of water by depth at the control verticals
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The nearest hydrometric post, where regular hydrometric observations of water flow are carried
out, is located 70 km upstream of the section under consideration—in the village of Tyulkino. Regular
measurements of water levels are carried out directly at the Berezniki hydrological post. It should be noted
that during the summer low water period from mid-June to early September, water flow varied in a fairly
narrow range of 350 < Q < 500 m’/s (Fig. 4).
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Figure 4: Dynamics of water consumption at the post of the river Kama—the village of Tyulkino

A significant change in the vertical structure of the fields of specific electrical conductivity, and,
accordingly, the total mineralization of water, on the verticals located significantly upstream of the large
discharge of wastewater in this area is of interest. As a characteristic one can consider a measurement vertical
located ~2.3 km upstream of the wastewater outlet, in close proximity to one of the technical water intakes
of the industrial unit. As follows from Fig. 5, in certain periods, namely 20.07.21 and 31.08.21, significant
stratification of water masses in the area of this vertical was observed. At the same time, on 18.06.21, 10.08.21
and 13.09.21, when water discharges were ~1.5-2 times higher, this vertical inhomogeneity of water masses
was not observed (Table 1).
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Figure 5: Distribution of specific electrical conductivity of water by depth on vertical line No. 10
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A significant transformation of the vertical structure of water masses with the formation of zones of
increased mineralization in the bottom region is clearly reflected in the materials of quality control of the
water taken at the water intake, carried out with a water sampling frequency of 4 times a day (Fig. 6). Thus,
at this water intake, water was taken from the bottom horizon. During periods when vertical stratification
of water masses was observed, the chloride content in the water taken increased significantly (Fig. 6).
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Figure 6: Dynamics of chloride content at the deep water intake in Berezniki

Oscillations in the water level of the Kama River (Kama Reservoir) can reach ~6-7 m per year, so to
ensure a stable water supply, many industrial water intakes have deep windows. Under these conditions, the
significant vertical heterogeneity of water masses observed in the summer-autumn low water period seriously
affects the stability of the entire technical water supply system of Berezniki.

In winter, at significantly lower flow rates and water levels, similar work was performed. Additionally,
flow velocity measurements were performed. Measurements were made with the Midas ECM multivariable
sensor (Valeport, manufactured by the UK). The studies showed that in the winter period on the considered
section of the Kama River, there is active vertical mixing of water masses, respectively, there is no formation
of water masses with increased density, which poses the main threat to the stability of technical water supply
(Fig. 7).

Water flow rate in the Kama River in the Berezniki area during the research was about 250 m?®/s, which
is significantly less than in the warm period. The distribution of current velocities by depth during field work
is shown in Fig. 8 (background, control, measuring point).

The results of flow velocity measurements presented in Fig. 6 are typical for the winter period: the
maximum velocities are not on the surface due to the continuous ice cover, which creates additional resistance
in the near-surface layer. The increase in flow rates from the background vertical to the control vertical is
associated with a change in the morphometric parameters of the watercourse: the area of the living section in
the area of this vertical decreases. In the conditions under consideration, significant vertical mixing of water
masses is formed. No threat to the stability of technical water supply is observed.
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Figure 7: Distribution of specific electrical conductivity by depth on control verticals (March 2022)
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Figure 8: Velocity distribution by flow depth on control verticals

3 Numerical Model. Geometry and Mesh

In the initial section of the Kama River (Kama Reservoir), it was assumed that the water mineralization
is uniformly distributed over the depth. Numerical experiments in a three-dimensional formulation were
conducted for several variants of boundary conditions. In the variant described in [9], the pollution source
was located in the bottom zone along the left bank at the storage site of sediments of one of the industrial
enterprises in the region, the length of the source was 100 m. In this paper, a possible situation is considered
when the pollution source is also located in the bottom zone along the left bank, but the length of the source
is 200 m. The length of the entire computational domain is 1 km. The brine removal rate is q = 161 kg/s,
the water mineralization throughout the bay was assumed to be the same and the maximum technically
possible—100 g/L.

Three-dimensional numerical modeling included consideration of the density jump position depending
on the flow velocity of the mainstream. In each calculation experiment, a constant discharge of wastewater
from a gap located at the bottom along the river bed was investigated, the configuration shown in Fig. 9. The
calculation area was a rectangular parallelepiped with dimensions of 200 m in width, 1000 m in length and
12 m in depth. The depth corresponds to the average characteristics of the section containing the supposed
section of filtration discharges. The studied area is located near the “measuring point” shown in Fig. 1. This
section contains a source in the form of a rectangular gap with a height of h = 0.5 m and a length of I = 200 m,
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located at the bottom along the left bank of the Kama River. Brine with a mass concentration of flows out of
the gap at a constant speed. The intensity of filtration discharge was estimated based on the total salt input,
calculated on the total mineralization, which for the section of the Kama River under consideration was
q~30 kg/sec. The velocity of the main flow at the first stage was assumed to be constant and equal to V = 0.1,
0.3, 0.5, 1 m/s. Each calculation was carried out until a steady concentration field was reached, and the effect
of changing the conditions of the flow velocity was investigated. The flow is turbulent and is characterized
by Reynolds numbers of the order of 10°.
J

o\
N

Figure 9: Geometry of the computational domain containing a water outlet in the form of a slit located near the bottom

The computational domain was divided into cells with a refinement near the outlet (Fig. 10). Small
element sizes at the lower boundary of surface waters (river bottom) were used to resolve the impurity source,
which has a small vertical size. The impurity source was divided vertically into 6 nodes. The number of nodes
horizontally was taken to be 164 x 64, vertically—45, the total number of nodes was 472320. The minimum
size of the spatial step was 0.001 m, the maximum—2 m. The minimum area of the element of the applied
grid is 1.0 x 107* m? and is located near the discharge source, and the maximum area is 0.1 m* and is located
within the water surface far from the gap.

Figure 10: Calculation grid of the study area. Velocity vectors showing the direction of water movement are constructed
at the input of the calculation area. On the right is the bank, on the left is the internal boundary of the river, located
parallel to the main flow, at the entrance the velocity vectors are shown, the boundary opposite the entrance is the exit

4 Mathematical Model

The calculations were performed within the framework of three-dimensional non-stationary isothermal
approach. A k — ¢ model was used to describe turbulent pulsations [22]. A quadratic dependence of
density on concentration p = pg + A+ ¢ + B+ ¢ (pg = 999.993, A = 667.8, B = —0.1229) was considered, with
the density difference in depth reaching ten percent. The initial data included zero impurity concentration
throughout the volume, as well as the main flow velocity equal to the velocity at the inlet of the computational
domain. The finite volume method was used to perform the calculations. The computational domain was
divided into cells with a thickening near the outlet.
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The mass and momentum balance equations are
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In Egs. (1) and (2), the following notations are used: p is the density of the fluid, v;—the components
of the velocity (i = x, y, z Cartesian coordinates), the horizontal coordinates are x and y, the main flow is
directed along the x coordinate, z is the vertical coordinate, the 4 dynamic viscosity of the fluid. §;; is the
Kronecker symbol. Turbulent viscosity y; is a function of the turbulent kinetic energy k and the rate of its
dissipation &: y; = pC,k* /e, where C, is a constant.

The equations for finding turbulent kinetic energy and turbulent dissipation rate are written as

0 ok
(Pk)+ (Psz) s [(#Jrg—;) $]+Gk+Gb—P€, (3)
j j
B 2
(p )+ (psv)——[(y+#t)a;]+C1£ka ngpsk (4)
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In Eqgs. (3) and (4), the following notations are used: Gy = p;S*—generation of turbulent kinetic energy
due to the average velocity gradient; S = |/25;;S;j—norm of the average flow deformation rate tensor, S;; =

) ‘
(azj + g;’_ ); Pr;—turbulent Prandtl number; Cy;, Cs,, 0k, 0.—constants.
1 ]

_gi(ulp) 6P
Pr;

of turbulent energy due to buoyancy forces in the gravity field. In the case of stable density stratification

The equation for turbulent kinetic energy includes a term G, = , describing the generation

;—JZ < 0, the gravity acceleration vector g is directed vertically downwards, the above term is negative, which
means a decrease in turbulent kinetic energy due to buoyancy.

The effectiveness of the turbulence model was verified by test calculations using a higher-order model,
the Reynolds model. This model solves seven additional equations related to Reynolds stresses. The study
found that for different grid configurations, the difference in the obtained data does not exceed 5% for the
integral values of the velocity components in different sections.

The equation for solute transport is written as
0
5 (P + T (pve) ==V ], G)

Eq. (5) contains the following notations: V—operator nabla; J—vector of the diffusion flux of the
impurity, determined by the expression

J=-p(D,, +D;) Ve, (6)

where D,,, is the coeflicient of molecular diffusion, D; is the effective coeflicient of turbulent diffusion, related
to the turbulent viscosity y; by the relation D = (u;/p) /Sct, here Sc; is the turbulent Schmidt number.
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The boundary conditions for Eqs. (1)-(6) are given below for different boundaries of the system.

We set the no-slip condition and the zero mass flow condition at the rigid boundaries (river bottom and
banks):

dc 0. (7)

VX:V}/:VZ:O) g_

At the entrance to the calculation domain, the velocity of the main flow was set (the velocity vector of

the ambient flow is perpendicular to the entrance boundary U = {U, 0, 0}); the concentration was set equal
to the background concentration of the pollutant in the water:

vi=U, v,=0, v;=0, c=c. (8)

The upper boundary of the region corresponding to the free surface of the liquid was assumed to be non-
deformable; the conditions of absence of the normal velocity component, tangential stresses and impurity
flux were considered to be satisfied on it.

v, ov, v, ov, dc

=0, — =0, =0, —=0. 9
(vn) 0x, " 0xy 0x, " ox, on ©)

The conditions at the output of the computational domain consisted in fulfilling the mass balance
condition:

jg pvindS — 512 PVourdS = 0. (10)

The parameters used in Eqs. (1)-(6) Pry, Sct, Gie, Cae, Cy» 0 and o, are empirical constants and their
values were taken from [22]: Pr; = 0.85, S¢; = 0.7, Cy = 1.44, Cy, = 1.92, C, = 0.09, 0y = 1.0 and 0, = 1.3. The
dynamic viscosity was taken to be y = 0.101-107* kg/ (m - s), and the molecular diffusion coefficient was
D =1.0-10"° m?/s.

For the river bed roughness coefficient, we used a value of 0.035, which corresponds to a homogeneous
surface of sand grains and a roughness height of 0.001 m. A second-order scheme was used for the
spatial discretization of the equations. The temporal evolution was modelled using an explicit second-order
approximation scheme.

5 Results of Numerical Simulation

The density stratification of water is caused by a combination of pollutant sources and hydrodynamic
factors that affect the intensity of the vertical mixing of water masses. When highly mineralized waters
enter the Kama Reservoir, depending on the hydrodynamics of the flow, they can either form local zones of
increased mineralization in the bottom layers or be uniformly distributed over the entire cross-section of the
flow. During the warm period, the section of the Kama River near the city of Berezniki is in the backwater
zone from the Kama Hydroelectric Power Station, with a normal backwater level of 108.5 m according to
the Baltic height reference system. As a result, the hydraulic characteristics of the flow—water level and
flow velocity—primarily depend on the operating mode of the hydroelectric complex. When the water
discharge through the Kama Hydroelectric Power Station dam is relatively small, as shown by computational
experiments and field observation data, the flow velocity can decrease significantly, which creates conditions
for vertical stratification of water masses. In turn, this stratification plays an important role in disrupting
the stability of technical water supply from deep water intakes during the warm period. The example given
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clearly demonstrates that in areas of active techno genesis, traditional approaches to regulating technogenic
impacts often turn out to be incorrect. As in the example considered, it is necessary to take into account not
only the water flow rate, but also the flow velocity, the depth of the watercourse, i.e., factors affecting the
intensity of vertical mixing of water masses.

The integral parameter that determines the stability of the boundary between water masses
is the Richardson number Ri = g (1/p) (9p/dz) (3V,/dz) >, where p is the density of water, kg/m’, g is the
acceleration due to gravity, m/s*, V, is the velocity of the longitudinal current, z is the coordinate along the
depth of the flow, and the directly related density Froude number Fr,, which characterizes the stability to the
development of turbulence in a shear flow.

In general, water density is determined by several factors, including mineralization, temperature, and
suspended solids content. However, in the context of water quality formation in the Kama River near
Berezniki, where the suspended solids content in the flow is low, and the water temperature is fairly uniform
across the depth, the main factor influencing density is water mineralization.

In the framework of the numerical modeling, a stable inflow of brine with a concentration of 100 g/L
from a linear bottom source was considered for the case when the river velocity V, is constant and equal
to different values for four calculation options. The non-stationary problem was solved until a steady flow
and an impurity concentration distribution that does not change over time were obtained. Fig. 11 shows the
obtained impurity concentration field on the bottom corresponding to the main flow velocity values of 0.1,
0.3,0.5and 1 m/s. It is seen that the concentration field in the bottom region is significantly non-uniform; the
region of increased water mineralization is located near the impurity source and covers significant sections
of the bottom along the left bank. As the flow velocity increases, the impurity is carried away, and a non-zero
concentration is detected only near the bank.

0.1 m/s _ 0.3 m/s

1 —
s 100 m

g/L

Figure 11: Distribution of impurity concentration (C) by depth (H) near the shore at a distance of 1000 m from the
impurity source for different main flow velocity: 0.1 m/s, 0.3 m/s, 0.5 m/s, 1.0 m/s. The river flow is directed along the
Z-axis

Fig. 12 shows the concentration distributions on the control vertical located near the shore, at a
distance of 800 m from the pollutant source. The concentration distributions demonstrate significant vertical
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heterogeneity and the presence of a pronounced concentration jump at low main flow velocities. For the
lowest flow velocity of 0.1 m/s, the jump layer is observed throughout the computational domain at the same
depth (5 m from the river bottom). The red line shows the vertical distribution of the pollutant concentration
for the case of the main flow velocity of 0.1 m/s. The distribution of the pollutant concentration with distance
from the brine source does not affect either the level or the position of the jump layer; however, the maximum
value of the pollutant concentration, which is observed on the river bottom, changes. The dynamics of the
propagation of the high mineralization zone is such that after a distance of 150 m from the entrance to
the study area, the distribution of the pollutant concentration by depth remains the same. After finding
the constant in time field of impurity concentration and the steady-state flow velocity in the region under
consideration, a computational experiment was conducted to study the influence of the main flow velocity
on the impurity distribution and the behavior of the salt concentration jump layer. The steady-state solution
was obtained in 41,760 s (11.6 h) of the calculated time. Then the velocity at the inlet increased.
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Figure 12: Distribution of impurity concentration (C) by depth (H) near the shore at a distance of 1000 m from the
impurity source for different main flow velocity, red line—0.1 m/s, blue line—0.3 m/s, green line—0.5 m/s, black line—
1.0 m/s

With an increase in the flow velocity to 0.3 m/s, the change in the impurity concentration along
the vertical in Fig. 11 is shown by the blue line. It is seen that no jump in concentration is observed, the
concentration changes smoothly near the bottom, undergoing a greater growth gradient at a distance of
1 m from the bottom. When the flow velocity increases further, the impurity concentration changes almost
linearly, starting from a depth of 5 m, at such a depth for a velocity of 0.1 m/s a jump in the impurity
concentration was observed. With an increase in velocity up to 1 m/s, the concentration on the vertical in
question becomes uniform.

6 Conclusion

The central theme of the article is the interplay between natural and technogenic factors in large water
bodies, which gives rise to the conditions for the relatively rapid formation and destruction of vertical
stratification of water masses. Such phenomena have the potential to exert a substantial influence on the
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stability of the functioning of water supply systems. A peculiarity of this study is that similar works on the
subject of vertical stratification of water masses are devoted to the study of regularly recurring phenomena,
usually of a seasonal nature [11,13,14], while the subject of this work is a temporary, periodic phenomenon.
This phenomenon is possible due to significant short-term variations in the Froude Density numbers, which
are realised in the transient region of reservoirs located in areas of active techno-genesis.

The phenomenon of sufficiently rapid formation and destruction of vertical stratification of water
masses considered in this work has not yet been described in the scientific literature. In this respect, a fairly
detailed in-depth study, including both detailed field observations and computational experiments in 3D
staging throughout its observation zone, is required. These studies should primarily aim at clarifying its
mechanisms, and the influence of a complex of natural and technogenic factors on it. This problem is of
considerable theoretical interest and practical importance.

The performed complex of studies showed that the hydrological, hydrochemical regime of the Kama
River (Kama Reservoir) in the area of the city of Berezniki in warm and winter regimes differs significantly,
which fundamentally affects the stability of the technical water intakes since the quality of the withdrawn
water is determined not only by the average depth content of limiting ingredients but also by the vertical
stratification of water masses. In the warm period, at water levels close to the NPG, and low current velocities
v < 0.1 m/s, with the observed integral intensity of filtration discharges q~30 kg/s, the density Froude number
Fr, <1, conditions arise for the formation of vertical density stratification of water masses, creating significant
risks for the reliability of the technical water intakes that take water from the bottom horizons. At the same
time, in conditions of very significant reservoir drawdown, the significant increase in current velocities, and
vertical stratification of water masses is not observed, respectively, the risks of water withdrawal at these
water intakes are significantly reduced. When regulating technogenic impacts on water bodies in areas of
active techno genesis, it is necessary to take into account not only compliance with the MPC standards for
limiting ingredients but also to require that conditions for the formation of significant vertical stratification
of water masses are not formed.
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Nomenclature

p Density of the liquid
Vi Velocity vector
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c Concentration

p pressure

i=Xx,92 Cartesian coordinates

7 Dynamic viscosity of the liquid
i Kronecker symbol

Fr Density Froude number

K Permeability of porous media

V =0/dx;  Nabla operator

J Vector of the diffusion flow of the impurity

D,, Molecular diffusion coefficient

D; Effective coefficient of turbulent diffusion
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