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Abstract. The article analyzes the dynamics of channel processes in the
irrigation pumping station inlet channels. The field studies of hydraulic and
alluvial sediment regimes in the supply channels of pumping stations are
analyzed and summarized. The studies of supply channel water flow under
conditions of extremely high turbidity of the flow and variability of the
morphometric characteristics of the channel are presented. The conditions
under which the Saint-Venant equations satisfactorily describe the channel
flows in the bed of the supply channels are given. Saint-Venant's two-
dimensional equations were numerically implemented using an explicit
finite-difference scheme. In addition, the results of calculations of the flow
field in the supply channels are presented. According to the results of
numerical studies, the width of the sedimentation tank was taken to be
equal to the design width of the channel, and the speed of water flow in it
was 0.25 m/s. The length of the sedimentation tank, ensuring the retention
of sediments of the finest fraction (0.05 mm in diameter), was 1042 m. The
siltation time of the sedimentation tank can be reduced by 15...20% and
amount to about 15 months, considering the unevenness of the velocity
distribution diagram in the horizontal plane and the trapezoidal cross-
section of the clarifier. Nevertheless, the arrangement of two parallel
chambers of the sedimentation tanks makes it possible to be stable for a
sufficiently long time.

1 Introduction

Forecasting the influence of the operating mode of pumping stations on the dynamics and
hydrodynamic characteristics of the flow is one of the most important tasks of channel
hydraulics. Especially if the water intake is carried out in a damless way, one of the
muddiest rivers in Central Asia, the Amu Darya. The object of the study is the inlet channel
of the pumping stations of the pumping station cascade of the Karshi Main Channel
(KMC), where the above operational problems are present [1-4]. A sharp change in the
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hydraulic and alluvial regime of the river, from where the damless water intake is carried
out, significantly affects the regimes of the supply channel. There has been an intensive
increase in the incoming sediments in recent years, both introduced and drawn. For the
inflow of a large amount of bottom and large fractions of suspended sediments at the head
part of the water intake, the entire section of the supply channel to the first pumping station
is brought in by sediments. Some sediments are transported by water to the concrete section
of the KMC. Increasing the operating efficiency of all pumping stations of the cascade and
reducing abrasive wear of pumping units, ensuring a guaranteed volume of clarified water
to the pumping station, requires clarifying the flow at the inlet section of the machine
channel. Particular attention is paid to reducing the flow of sediments into the front
chambers of pumping stations to ensure the required volume of water intake [4-6]. The
sediment inflow into the front chambers of pumping stations affects the reliability and
operation of the pumping station and reducing its throughput. To ensure a guaranteed
volume of water with a minimum volume of bottom and suspended sediments is considered
an urgent task. The dynamics of the hydraulic and alluvial flow regimes in the bed of the
pumping station inlet channels were studied in [7-15]. Sediments occur due to the
hydrodynamic effect of the flow on the stand plate in the presence of cavitation, eroding
water flow rate in the channels, and dynamic instability of large soil channels with wind
waves [16-18]. In addition, the water flowof the Amu Darya River has a high degree of
sediment saturation. As already mentioned above, there has recently been a sharp change in
the hydrological regime of the river. There are intense deformations of the supply channel
border since it runs on easily washed-out soils [19-29].

This research was aimed at improving the operating conditions in the supply channels of
pumping stations.

The following tasks are formulated to achieve this aim:

- developing of the two-dimensional mathematical model of the flow in pumping station
inlet channels;

-hydraulic study of a sedimentation tank in the bed of the irrigation pumping station
inlet channel.



E3S Web of Conferences 274, 03004 (2021) https://doi.org/10.1051/e3sconf/202127403004
STCCE - 2021

2 Methods

The analytical research method was applied to assess the previously obtained field
observation data of the Karshi Main Channel and to create a mathematical model.

3 Results and discussion

In irrigation practice, sedimentation tanks are located at the head of the channels, and in-
system sedimentation tanks are used to retain sediment. The first ones are arranged at the
head of the system on the inlet section of the main channel and provide for the deposition
of a part of the largest fractions of sediments that cannot be transported down by the main
channels. In the in-system sedimentation tanks, arranged in various sections of the channels
located below, the flow is clarified a second time. The remaining sediment can be
transported by water flows of irrigation channels to irrigated fields. In this type of
sedimentation tank, there are more possibilities to maintain the desired filling depths,
heads, and velocities using the regulators located above and at the end of the sedimentation
tank.

Studies of the transporting capacity of the Amu Darya irrigation systems, located in the
middle course of the river [4], showed that the head sedimentation tanks on large irrigation
systems could not ensure that the on-farm network was not covered with channels of the
same order. Here, the device of in-system sedimentation tanks is needed. About 70% of
sediments should be retained in the sedimentation tanks [4]. During the entire irrigation
period in the on-farm network, it could transport up to 30% of the total runoff of suspended
sediment entering the system, of which 20% will be released to the fields, and 10% will be
deposited in the on-farm network.

Sedimentation tanks on irrigation systems in the lower reaches of the Amu Darya river
[4] mainly represent the widened and deepened head sections of the channels. The
sediments are continuously removed by the hydromechanical method. The length of the
head sedimentation tanks is 1000...2500 m, and the length of the intrasystem tanks is
400...1500 m.

Until now, there are no practical algorithms for solving three-dimensional problems in a
complete formulation. Nevertheless, it was shown in [6] that when introducing the scale of
consideration:

2
M, =LT M

where L, is the linear scale in plan (moreover, L, >> h, where & - flow depth); 7' = L, / U,
where U is the characteristic flow rate and provided that

pmax B pmin << 1

p max + p min
general equations of hydrodynamics [7] are as follows:
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where u; is the projection of the current velocity vector onto the axis x;, p is the
hydrodynamic pressure, t; is the shear stress tensor component, p is the density,
gi is the component of the gravity acceleration vector, qg, is the internal sources of
substance for Newtonian fluid, v is the kinematic fluid viscosity, S, is the some substance
that determines the density (temperature, salinity) and can be reduced to the following
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where S, is the average concentration of a substance on a scale (1), D is the vertical
diffusion coefficient, which is the analog of turbulent viscosity coefficient v7. It is usually
assumed that D = avr.

The same equations can be obtained from the Reynolds equations with the additional
assumption of neglecting turbulent interactions between water jets in the plan. Also, two
different approaches lead to the same equations. However, in terms of expected results,
these approaches are not equivalent. All dependent variables u;, q;, and h in (4) have
different values. The values depend on whether these equations are obtained from the
Reynolds equations or directly from the conservation laws. In the first case, these values are
initially averaged on probability and then on a large scale. In the second case, these are
actual values averaged over the same scale.

The equation system (4) is obtained from the laws of conservation of momentum and
mass without any specific assumption about the rheology of the fluid. To close the system
of equations, it is sufficient to specify the relationship between the shear stresses at the
bottom (ti) and the rest of the flow characteristics. It is usually believed that the ratio can
express this relationship

T, =AUU|/2, )
where A is the scalar coefficient of hydraulic friction, which is calculated by Manning's
formula:
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where C is the Chezy coefficient, n is the roughness coefficient.

All of the above is also true for a boundary-free flow. If the flow is considered near a
rough vertical wall, then, since 1. and t, are determined, respectively, by the roughness of
the walls and bottom, and the assumption about the smallness of the change in all
characteristics along the horizontal coordinate compared to the change along the vertical
coordinate leads to the fact that in the first approximation, in the expansion at the small

parameter OL = L/ h, leads to hydrostatic pressure on a given scale, i.e.:
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Passing to the roughness coefficients (7) can be written in the form:

2
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The expression (7) is one of the main restrictions imposed on the range of applicability
of the Saint-Venant equations.

The conditions for applying equations (5), including the setting of boundary conditions,
are well described in [8 - 11].

In this paper, the two-dimensional Saint-Venant equations were numerically
implemented using the explicit finite-difference scheme of A.N. Militeyeva [8]. Hydraulic
numerical experiments to study the flow regime in a river bed were carried out by the
establishment method, i.e., a certain initial water level in the calculated fragment, the water
flow rate at the inlet to this fragment, the water flow is taken into the channel, and the curve
of the relationship between the flow rate and the water level at the outlet from the
calculated fragment were set. After that, calculations were carried out until the regime was
established, and the sum of the flow rate taken into the channel and the flow rate at the
outlet from the area would become equal to the water flow rate at the inlet. In this work, the
possibility of constructing a batch-type sedimentation tank with hydraulic flushing was
studied. At the same time, it was assumed that all sediments entering with the river flow
should be retained in the sedimentation tank, except for a fraction of 0.0015 mm and finer.
As an additional condition, it was taken into account that the distance from the end of the
sedimentation tank to the front chamber of the first pumping station should be at least 1.0
km.

The Amu Darya river, adjacent to the channel during the flood and during the low-water
period, does not exceed 0.8 m. So, for example, at a water flow rate of 6,800 m3 / s, the
water level in the river. The Amu Darya channel at the entrance is 245.89 m, and at a
distance of two kilometers is 245.45 m. At the same time, the difference in water level
marks in the channel and the river at a comparable distance does not exceed 0.15 m.

In the case of a sedimentation tank with hydraulic flushing, the required difference
between the beginning of the washing gallery and the water level in the river to obtain the
water velocity capable of transporting sediments deposited in the sedimentation tank
chamber must be at least
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where: X¢ is the sum of the coefficients of hydraulic losses in the gallery, V,, — water
flow rate in the washing gallery, g is the acceleration of gravity.
To create a sufficient wash flow rate, at least not less than

h .
Vitushing = @ L2 P18 = 2.6 m/s, ©)

where: d is the particles diameter, the sediment to be flushed less than which the
sediment contains 75%, w is the hydraulic size of such particles, hfjsping is the flush
depth, P is the percentage by weight of sediment in the washing flow, the required
differential must be at least 1.85 m.

In the sedimentation tank for periodic or continuous flushing, a regulating structure
equipped with gates should be located at the head of the channel. The chambers of the
sedimentation tanks should be concreted to ensure the appropriate hydraulic regime. At the
end of the sedimentation tank should also be built a regulating structure equipped with
washing galleries. At the same time, it is necessary to consider that the creation of
appropriate structures will lead to a decrease in the water level along the entire length of the
channel, which will negatively affect the operation of the pumping units.

It is impossible to set up a sedimentation tank with hydraulic flushing considering the
absence of the necessary difference in water levels under any hydrological conditions
(flood, low water). Thus, in the existing hydrological, hydraulic, and topographic
conditions, a technically acceptable solution is a batch-type sedimentation tank device.

The main tasks in determining the size of the sedimentation tank are to determine its
geometric dimensions and silting time since these parameters have the greatest impact on
its operational characteristics and ultimately both the capital costs of its construction and
the operating costs of its maintenance.

The most unfavorable conditions were taken as the initial data for calculating the
sedimentation tank in order to ensure the operation of the hydraulic structures of the
cascade, including pumping stations, even under such conditions, in particular, this
concerns the water flow rate and the weighted average turbidity of the flow, i.e., all
sediments entering with the river flow, except a fraction of 0.0015 mm and finer, should be
retained in the sedimentation tank. Thus, the following parameters were taken into account
in the calculations:

e The flow rate entering the sedimentation tank Q = 120 m3/s.

e Sedimentation tank depth H = 7.42 m.

e The average speed of water flow in the sedimentation tank V,,, = 0,25 m/s.

e Weighted average turbidity at the inlet to the sedimentation tank p, = 3.6 kg/m3.
e Diameter of the smallest fraction to be retained in the sedimentation tank D =
0.05 mm.

e Hydraulic size of the finest fraction, which must be retained in the sedimentation tank
w = 0.00178 m/s.

e Average weighted hydraulic sediment size w, = 0.00706 m/s.

e The granulometric composition of sediments entering the channel was adopted
according to the recommendations [12].

Based on the information on the granulometric composition of the sediments entering
the channel with river water and the hydraulic characteristics of the channel, it is possible to
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preliminarily determine the length of the sedimentation tank by setting the water velocity in
it.

The width of the sedimentation tank was taken equal to the design width of the channel
and the water flow velocity in it V, = 0.25m/s, taking into account the
recommendations [5]. For a rectangular section of the sedimentation tank and at a water
flow rate of 0.25 m /s, the length of the sedimentation tank, which ensures the retention of
sediments of the finest fraction (0.05 mm in diameter), for which there is information on its
content in accordance with [12], is:

L=HV/w = 742 -0.25/0.00178 = 1042m

where L is the sedimentation tank length, ' is the average water flow rate in the
sedimentation tank.

One of the most important characteristics from the point of view of operation is the
sedimentation time of the sedimentation tank. It is possible to determine the likely duration
of the sedimentation process in the sedimentation tank, considering the weighted average
turbidity of the water entering the sedimentation tank and the need for continuous water
supply to pumping station No 1.

The calculation of the sedimentation time of the sedimentation tank is made as follows.
Calculating w/V and H/L according to the recommendations, we find the probability of
sedimentation of the calculated fraction P = 98%, i.c., at least 98% of sediments with a
diameter of 0.05 mm and larger will be retained in the sedimentation tank.

The lack of detailed information on the distribution of sediment inflow into the channel
does not make it possible to make a more accurate forecast of the siltation time of the
sedimentation tank. Nevertheless, provided that the water intake operates following the
schedule shown in Figure 1, and constant weighted average turbidity, the volume of
siltation per year will be 253298 m>. The sedimentation tank, under such operating
conditions, can be completely silted in 19 months.

Monthly volumes of water, m’/month

1 2 3 4 5 & 7 g 9 10 11 12 Months

Fig. 1. Average monthly volumes of water [12] passed through the idle part of the channel in 2001 —
2017. (m*/month)
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The siltation time of the sedimentation tank can be reduced by 15...20% and amount to
about 15 months, considering the unevenness of the velocity distribution diagram in the
horizontal plane and the trapezoidal cross-section of the clarifier. Nevertheless, the
arrangement of two parallel chambers of sedimentation tanks allows for a stable supply of
clarified water for a sufficiently long time and, at the same time, for cleaning the silted
chamber.

4 Conclusions

The performed analysis of the results of field and numerical studies led to the
following conclusion:

1. The performed hydraulic calculations made it possible to show that there is no
possibility of constructing a continuous hydraulic flushing sedimentation tank or a periodic
flushing sedimentation tank with hydraulic flushing under existing conditions. It was shown
that it is possible to construct a periodically operated sedimentation tank with mechanical
cleaning on the inlet channel, which makes it possible to ensure continuous, year-round
operation of the cascade and fulfill the condition of preventing sediment from entering the
transit zone, which harms the operational characteristics of channels and pumping
equipment

2. According to the results of numerical studies, the width of the sedimentation tank
was taken equal to the design width of the channel and the speed of water flow in it V,, =
0.25m/s. For a rectangular section of the sedimentation tank and at a water flow rate of
0.25 m/ s, the length of the sedimentation tank, which ensures the retention of sediments of
the finest fraction (0.05 mm in diameter), for which there is information on its content in
accordance with [12], is:

L=HV/w =742 - 025/0.00178 = 1042 m;

3. Provided that the water intake works according to the the schedule shown in fig. 1,
and constant weighted average turbidity, the volume of siltation for the year will be 253298
m3, and the sedimentation tank, under such operating conditions, can be completely silted
up in 19 months. The siltation time of the sedimentation tank can be reduced by 15...20%
and amount to about 15 months, considering the unevenness of the velocity distribution
diagram in the horizontal plane and the trapezoidal cross-section of the clarifier.
Nevertheless, the arrangement of two parallel chambers of sedimentation tanks allows for a
stable supply of clarified water for a sufficiently long time and, at the same time, for
cleaning the silted chamber.
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