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Abstract. The article presents the main results of substantiating the
materials used when conducting experimental studies of channel processes
in a river, the channel of which is composed of easily eroded soils. It is
substantiated that the Amudarya sand cannot be modeled on a geometric
scale since the model deposits are too small (powder) and lose the property
of loose bodies. In such cases, a material with a decrease in specific gravity
without a decrease in diameter is used as a substitute for sand. Since the
sediment diameter cannot be reduced, the actual scale of the model remains
distorted. It is indicated that the sediment diameter cannot be reduced, then
in fact, the scale of the model remains distorted. Therefore, when the
bottom of a river bank is made of sand that does not lend itself to
geometric modeling, regardless of the change in the specific gravity of the
natural material, to ensure the mobility of the sand on the model, it is
necessary to distort the vertical scale.

Distortion of scales is also necessary because when using in laboratory
conditions the same sand that formed the bed of the river, at any depth with
a low velocity, the model observes bottom resistances to the flow of the
flow compared with nature. The vertical and plan scales of modeling were
calculated, respectively, equal to 50 and 57. According to the results of the
calculations, the value of the coefficient of mobility of bottom sediments
was established, which was equal to 1.

1 Introduction

Water intake from the river in a damless way is widely used in the middle reaches of the
Amu Darya. Even though this method of water withdrawal is cheaper than the dam method,
it requires a lot of capital expenditures to ensure reliable operation. At the same time, many
problems arise in the operation of the head structure. The solution to any production
problem with damless water intake is an urgent task for channel hydraulics. Proceeding
from the foregoing, the object of study is the section of the Amu Darya River, where the
damless water intake to the Amu Bukhara Main Canal (ABMC) is carried out.

At present, water intake at ABMC is carried out through the reconstructed head
structure, located 26 km above the Chardzhou railway bridge and is located 14 km
upstream of the river from the water intake point. The channel of the Amu Darya river in
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this section is strongly deformed and divided into branches, in which a significant change in
water discharge can occur within a short time. With a damless water intake, more than 20%
of difficulties occur during the non-growing season. Under these conditions, a dam or spur
water intake is required. It turned out to be expedient to construct a new head structure
(slightly above the entrance to the existing slot) with a stream-guide dam in the channel of
shell piles, ensuring a constant flow of the flow in one channel at the water intake.

In the conditions of the Amu Darya, the elaboration of regulating and straightening
structures by calculation and forecasting channel processes without special studies is a
difficult and almost insoluble task [1-4]. Therefore, studying and developing the theory of
channel processes, the dynamics of channel flows has always attracted the attention of
scientists [5-] The interaction of the stream and channel determines the main dynamic
essence of the channel process. The introduction to the scientific literature of the concept of
"channel process" was initiated by the representatives of classical channel hydraulics [5, 6]
according to which "channel process is the process of interaction between the stream and
channel" or [6] in the channel process "the river bottom relief is developed in the process of
interaction of the flow and the underlying soils ", that is, the stream and the soil interact,
having a common contact surface - the bottom of the river and the floodplain [7].

In [8], based on many years of research, they somewhat expanded the concept of the
channel process and concluded that "the channel process is understood as a constant change
in the morphological structure of a river that occurs under the influence of flowing water».

So, studying the above works and relying on the results of field studies, we can
conclude that the flow interacts with the soil along which the water moves, and the channel
appears as a result of this interaction.

A large number of works are devoted to studying the development of the theory of
channel processes and the dynamics of channel flows.

According to many authors of the above works, the channel process is due to the
following set of main factors:

- hydrological, which are determined by the water regime of the river;

- geomorphological, which are determined by the geology and structure of the channel
and banks;

- sediment runoff from the river basin and their granulometric composition;

- the influence of human economic activity.

Recently, the study of channel processes has been developing in two main directions,
depending on the task set for the researchers.

The first direction is engineering-hydrological, which mainly studies the laws of the
formation of river channels and their elements and the mechanism of the phenomena that
make up the channel process.

The second direction is geological and geomorphological. The processes of formation of
river valleys and the development of the river network are studied, and its main method is
the morphological analysis of channel processes.

Researchers, studying the wvast material of field studies, developed a hydro
morphological method of analysis that combined the methods used in geomorphology,
hydrology, and hydrodynamics. It was named hydro morphological. This hydro
morphological direction has played an important role in understanding the essence of
channel processes. An especially important role was played by the theory of hydro
morphometric relationships of dynamically stable channels [9-13].

The results of extensive theoretical and laboratory studies presented in these works
made it possible to reveal the most important qualitative and quantitative aspects of the
phenomenon.

Despite the abundance of works devoted to this problem, its solution is still far from
practical completion. The reason for this is the complexity and multifactorial nature of the
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course of channel processes in space and time. Especially great difficulties arise in the
design of head structures with a damless water intake from the Amu Darya, the channel of
which, due to the large slopes of the bottom, high flow rates and easy erosion of bottom
sediments (represented by fine sandy weak soils), is subject to extremely complex intense
planned and deep deformations [6-8]. To solve this problem, it is recommended to use
physical - experimental modeling, which can give a specific forecast of channel
deformations in the area of the damless water intake to the head structure. It should be
noted that although experimental modeling requires a lot of material costs and a lot of
research time, it is quite acceptable to numerical research [1]. Therefore, it is necessary to
carry out experimental studies of the structures and the adjacent section of the river bed
where the damless water intake is carried out at the ABMC. Accordingly, the
implementation of experimental studies of structures and the adjacent section of the river
channel where the damless water intake is carried out at the ABMC is defined as the main
goal of this work.

To achieve this goal, the following research objectives have been identified:

1) Justification for the use of experimental research material;

2) Determination of the vertical and planned scales of modeling of channel processes;

3) determination of the maximum possible water intake from the river into the canal
through the head regulator at different flow rates in the river;

4) establishing the value of the coefficient of sediment mobility.

2 Methods

The degree of correctness of the planned measures and their impact on the flow is
determined mainly by the similarity of channel processes in everyday conditions and on the
model. Therefore, before solving the main issues, it is necessary to clarify the modeling
technique. Considerations of the basic conditions of modeling and, as a result, determine
the modeling method is the research methodology of this work.

Studying channel processes in the laboratory through experimental research, it is
possible to obtain qualitative and quantitative similarity between nature and model, which
is determined by the similarity of flow hydraulics and channel shape, subject to the
condition of sediment mobility. Modeling channel processes and the hydraulic structure of
the flow in lowland rivers in compliance with geometric similarity has always yielded
satisfactory results, which are in good agreement with nature. To ensure the similarity of
the occurring phenomena of the model with nature, the researchers modeled the depth on a
larger scale compared to the width, i.e. distorted the scale of the model.

3 Results and Discussion

The admissibility of the distortion of the scales can be explained by the fact that the ratio of
the flow depth to its width H/B under the conditions of the Amu Darya river for large water
flows is much less than for small ones. Consequently, a small flow creates relatively large
depths (H/B), as if distorting its vertical scale. This means that the morphometric

. o VB . .
relationship in the form of ra cannot remain constant, but it can change. On channel

models, the following are used as sediments: natural sand, steam locomotive ash, calcined
sawdust, etc.

The Amudarya sand cannot be modeled on a geometric scale since the model deposits
are too small (powder) and lose the property of loose bodies. In such cases, a material with
a decrease in specific gravity without a decrease in diameter is used as a substitute for sand.
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Since the sediment diameter cannot be reduced, the actual scale of the model remains
distorted. Therefore, when the bottom of a river bank is made of sand that does not lend
itself to geometric modeling, regardless of the change in the specific gravity of the natural
material, to ensure the mobility of the sand on the model, it is necessary to distort the
vertical scale.

Distortion of scales is also necessary because when using in laboratory conditions the
same sand that is used to form the bed of the river, at any depth with a low velocity, the
model observes bottom resistances to the movement of the flow in comparison with nature.
So, according to the studies of many experimenters [13], the nature of the movement and

the shape of the riffles (ridges) depends on the relative critical velocity Ui and turbidity. At
0

Ul = 2, attraction to the bottom occurs, at Ul = 3, the ridge collapses and the bottom is
0 0

smoothed out, and at Ul > 5, the ridge disappears and the sediments move simultaneously
0

at the bottom and in the body of the stream, i.e. part of the sediment passes into suspension.
On the model, it is impossible to increase the ul ratio to significant values (as in nature).
0

But by changing the supply of sediment discharge, it is possible to set the depth and flow
rates on the model corresponding to the accepted Froude number according to natural data,

even under the condition (U ¢ ) < (UU ) Modeling in terms of the Froude number and
omozn OHaT

resistance should ensure the mobility of the model material, i.e. the condition must be met
Ul > 1 [7, 14]. The essence of the above requires that the value of the dimensionless index
0

2
of kinetic F, = ;7 with the obligatory observance of the similarity of the form, to obtain the

scale of the water discharge aq = ap - a}S. Tt is also obtained from the condition of
similarity of the resistance of the channel bottom according to the equation of the uniform

1
steady-state flow regime, i.e. from Q = BH - H*/H]J whence we obtain

— . 1.54Y
aq = Qap - ap

aLQ.S
From the equality of the scale of expenditures in terms of the Froude number and the

equation of uniform motion, we obtain:

a a1’5+ya-0’5
1,5 _ “B“%h i
apa” =———
an
from here:
v 0.5

An = 0ap " Aj - a;

As you can see, the last equality has two unknowns for a given value. Therefore, the
direct use of the value of the scale of depth and slopes to determine the scale of the
roughness coefficient is impossible without preliminary methodological studies. Roughness
is usually determined by the particle diameter and the shape of the movement of the sand
deposits. Since bottom riffles (ridge) can be observed in the model channel, it is quite
natural that the depth scale will be distorted. In Uzbekistan, some modeling techniques have
been developed for the conditions of the Amu Darya River. One of the most widespread
methods of approximate modeling of eroded channels is the method given in [15]. It is
based on the use of the morphometric dependence B™ = kH, from which the ratio of the
horizontal and vertical scales of the model was obtained
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a, =ag

d(e-1)1%1
HJ
For the conditions of the Amu Darya, the exponent "m" is taken equal to 0.65.
agp and ay, are respectively, the plan and vertical scales of the model.
With a numerical value ag = 500, which is taken from the condition of the size of the
model area, the vertical scale will be:

where: m is a variable exponent determined by the dependence m = 0.72 [

ap = aj®’ = 50006 = 57

It is proposed to determine the vertical scale from the condition of mobility of the
material used on the model by the formula

ap =+ agaga(o—1)

Sand with an average diameter of d = 0.34 mm was used as bottom sediment. With a
specific gravity of 2.7 t/m’, the sediment mobility coefficient is determined by the formula

(0-1y 27-1_

oD =G, 27-1_

According to the data of borehole samples, the average diameter of the Amu Darya
sediments in the area of the water intake of the Amu-Bukhara canal is taken as 0.3 mm.
Then the sediment size factor is

_ay 0.3 — 0.882
%=, 034

Vertical scale, taking into account the mobility of the material taken on the model for
the planned scale azy = 500, will be

ap =V500-1-0.882 = 21

As can be seen, the scale factor of the depth obtained from the condition of the
similarity of the Froude number and the drag coefficient and the mobility of sediments and
morphometric connection are different. The value of the vertical scale, taking into account
the mobility, gives a significantly higher water flow rate on the model, making it difficult to
conduct experiments. On the other hand, it is unknown how the Froude number and the
drag coefficient will change. The vertical scale is related to the flow rate of sediment
supplied to the flow in the model. Thus, the refinement of the value of the vertical scale (for
a given value of the length scale) consisted of determining the sediment discharge, which
ensures the similarity of the Froude number in certain values of the drag coefficient on the
model.

For the Amu Darya river, the water discharge in the model can vary depending on the
vertical scale within a wide range. However, the change in the velocity of the flow depth
and the Froude number will be unknown. Therefore, in each case, it is necessary to conduct
methodological experiments, taking into account the availability of material, the size of the
laboratory area, and the pumping unit's capacity.

To find the optimal ratio of scales, we carried out experiments, the practical meaning of
which was to find such velocities and depths of the flow at which the mobility of sediments,
as well as the similarity of the shape of the channel in the profile and in the plan.
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In methodological experiments, the values of the channel width on the model were
taken following the flow rates in kind according to the schedule Q = f(B) figure 1.
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Fig. 1. Diagram of the relationship between the channel width and the water discharge in the Amu
Darya river bed in the area of the damless water intake at the ABMC.

Assuming the width of the channel for a given water flow rate on the model is constant,
and the flow was supplied with different sediment flow rates.

In each experiment, after obtaining the balance of sediments and establishing the
horizons in the designated two sections, the average depth, velocity, and cross-sectional
area of the channel were measured. As you know, hydraulic flow elements in nature are
also associated with water consumption.
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Fig. 2. Graph of the relationship between the value of model flow rates and the coefficient of mobility
of sand

As a result, the optimal value of the vertical scale meets all the requirements of the
principle of modeling the eroded river bed at a given scale of width & ; = 500 n.v. installed
o, =40

Since the exact reproduction of deformable channels is impossible, the method of
approximate modeling was used to solve the set tasks, i.e. by average hydraulic flow
elements.

To obtain reliable data on the channel processes occurring along the dam on the model,
the diameter of the shell piles must be modeled so that the flow regime of the shell piles in
nature is preserved on the model. A significant decrease in the structure entails a
corresponding decrease in the flow rate, as a result of which a laminar flow regime,
together with turbulent in nature, can occur on the model at the through spur. The optimal
diameter of the shell piles of the jet-directing through the dam on the model is determined
based on the condition under which the flow runs perpendicularly and uniformly along the
entire front of the through dam. Then the constraint coefficient can be taken K, =1, as the

maximum possible interrupted flow. The angle of installation of the spur (dam), taking into
account the curvature in the plan, on average, is taken 9 =30°.

When determining the speed in the compressed section between the piles, the average
household flow rate on the approach to the spur is taken }7, = 3.5 m /s, based on the

maximum water flow rate - 0.1% of availability. The building factor of the through dam is
taken according to the project P =0.5.
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According to the recommendation, the value of the optimal diameter of the rod of the
model of the through dam is established as follows: first, the coefficient of local resistance
is determined by the formula

1 1
3 P A . 3 0.5 A
E=p K sin @ =1.79 o 1-1=1.27
1-P —o.

rae S is pile shape factor, for round piles, equal to 1,79.

The average flow rate in the compressed section between the piles is calculated by the

formula
3 3
Vsj = Vb = (1 + 2.2Kg'1péj = 3.5(1 +22-1- 0.5/2) =624 m/s

Then the Reynolds number in kind will be

e _Vere'd _ 624:16

= = 9100000
v 0.0000011

And the boundary value of the Reynolds number

2800

= =248
1.27

Re p

Then the scale factor of the distance between the spurs is set according to the formula:

2 2
s Re,, % 2480 % 1
5 Re 9100000 240

Ham

Then the gap between the piles on the model will be

Sy 1600
240 240

SM 6.7 mm

Since the building factor in kind is taken as 0.5, the diameter of the shell piles on the
model will also be 4,,=6.7 mm.

The optimal diameter of the shell piles of the weir through the threshold, which ensures
the self-similarity of the flow around the flow, was also established according to the above
method - d = 9 m with a building factor of 0.76. An overflow threshold made of shell piles
about 700 m long, running across the channel regulated by a through-flow dam curved in
the plan, is located slightly below the ABMC head regulator's inlet channel. The threshold
of the left side of the spillway for 500 m is located at the level of the low-water horizon of
the river, the right one - 2.5 m below the left side, which will allow to press the flow to the
inlet to the regulator during low-water periods and ensure water intake in the amount of
100% at household horizons corresponding to 99 % security
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4 Conclusions

Based on the results of the analysis and calculations, it was established that the following
conclusions and recommendations were made during the experimental modeling of channel
processes of the river bed in the area of the damless water intake:

e it has been substantiated that the Amudarya sand cannot be modeled on a geometric
scale since the model deposits are too small (powder) and lose the property of free-flowing
bodies. In such cases, a material with a decrease in specific gravity without a decrease in
diameter is used as a substitute for sand.

e since the sediment diameter cannot be reduced, the actual scale of the model remains
distorted. It is indicated that the sediment diameter cannot be reduced, then in fact, the scale
of the model remains distorted. Therefore, when the bottom of a river bank is made of sand
that does not lend itself to geometric modeling, regardless of the change in the specific
gravity of the natural material, to ensure the mobility of the sand on the model, it is
necessary to distort the vertical scale;

o distortion of scales is also necessary because when using in laboratory conditions the
same sand that formed the bed of the river, at any depth at a low speed, the model shows
bottom resistances to the movement of the flow in comparison with nature;

o calculated the vertical and planned scales of modeling, respectively, equal to 50 and 57.
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