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Abstract. The article presents the study results of changes in flow 
hydraulic parameters and morphometric elements of the river in the 
area of the main dam intake structure. A model for studying the 
direction of flow and other parameters of the flow in the area of the 
main structure for obtaining water from the Amudarya without a 
dam has been developed. A functional graph of the depth 
dependence of the expenditure on the study object was obtained. 
Graphs of the functional dependence of the diurnal cross-section of 
the riverbed on the flow depth and the variation of the flow velocity 
depending on the flow depth were constructed. 
The direction and distribution of the flow in the area of the main 
dam intake structure were studied.  

1 Introduction 

One of the largest rivers in Central Asia, the Amudarya, is used for irrigation without dams. 
One of such large complexes is the Karshi Main Canal pumping station cascade of dam-
free water intake facilities. Water intake for this cascade is carried out from a shaft near the 
village of Kyzyloyok in the Republic of Turkmenistan, 19 km above the Amudarya, in the 
opposite direction from the Kerki hydropost. The object of scientific research was the 
Amudarya section, which undergoes rapid deformation processes above the structure of the 
main water intake structure in this cascade.  The Amudarya River, one of the largest rivers 
in Central Asia, flows through fast-washing soils. In general, the project was planned to 
build a dam near the village of Kiziloyak to get water from this well to the Karshi Main 
Canal-KMC. However, in the 70s of the last century, for some reason, the dam was not 
built due to the high water level in the river and the fact that the guaranteed water intake 
was guaranteed during the initial period of operation. Changes in the dynamics of flow in 
the supply of water to the Karshi Main Canal-KMC, both quantitatively and qualitatively, 
changes in the hydrological and nano regimes of the river complicate the receipt of water 
from it to the main structure without flooding. The intensity of the ongoing deformation 
processes makes it difficult to obtain quality and guaranteed water for the main structure. In 
determining the solution to this problem, it is important to adjust the direction of movement 
of water flow in this area, to study the dynamics of the hydraulic parameters of the flow. 

 Extensive research has been conducted in such areas to study the laws of flow 
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dynamics [1-5]. 
In late 1940, research into the field revealed that the interaction between current and 

coastal flow took the form of a kinematic effect, which slowed down the average and 
surface velocities of water flow [6]. 

Field research on one of Europe's largest rivers has revealed the effectiveness of 
eliminating the washing of sedges, which has led to developing a method of planting tree 
seedlings on the banks to eliminate the process [7].  

In general, the formation of torsional motion at the boundary between streams in the 
riverbed and elsewhere has been recognized. Studies have shown that this process can 
accelerate the process in rivers such as the Amudarya, where the soil passes through 
washable soils [8]. 

As a result of studies conducted in large experimental models in leading European 
scientific institutions, the flow in the streams was determined as a feature of the division of 
the stream into streams in riverbeds [9]. 

As a result of the analysis of the flow characteristic of the flowing river in the Don 
River, it was recognized that the flow is inclined in the opposite direction, but there is no 
scientifically based explanation [10-14]. 

Analysis of the problem of interdependence between channel and flood currents allows 
calculation of the parameters of such flows [15-17]. The morphological structure of the 
calculated area has been studied for its determining effect on the hydraulics of flows in 
flood channels [18-20]. Due to insufficient study of the laws of flow dynamics in the upper 
section of the river's main dam intake structure in experimental and field studies, this 
direction was identified as the main goal of the scientific article.  

2 Methods 

The research method of this scientific work is to conduct research in the accepted scale 
model of the object of study, analyze the obtained results, and assess the dynamics of the 
hydrological flow regime using the obtained experimental results.  

3 Results and Discussion 

The following experimental model was used to study the flow dynamics in the Amudarya 
section above the dam of the Karshi Main Canal. 
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Fig. 1. Schematic of an experimental device 

Sand, soil, and gravel (1) were collected in the natural state, which was intended to 
determine the dredging processes in the dam-free water intake model for the experimental 
conduction. Water consumption was maintained by means of a pressure tank (2). The flow 
of water from the pressure tank through the slit (3) through the holes with a diameter of 10 
cm was controlled. The survey was conducted in curved (5) and straight (6) streams. The 
boundary adjustment structure (7), designed to control the flow of water in curved and 
straight streams, was constructed by modeling the dimensions of the dam-free water intake 
channel (8) in kind. In the non-dam intake model, the water flows from the lower bay (9) to 
the discharge channel (11) through the sluice (10). The collected water was discharged back 
to the water source through the drainage channel (12). 

 

 
Fig. 2. Changes in water consumption and depth in the process of conducting experimental studies 

During the experimental study, changes in flow depths at different water flows were  
analyzed. In the course of the research, changes in depth and water consumption were 

observed from 1 shaft located at a distance of 200 cm before the dam intake. During the 
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observations, a graph of the change in water consumption in depth at 1 st was constructed 
(Fig. 2). 

In the experimental studies, the change in water consumption was carried out through 
the adjusting structure to Q = 1-18 l/c, the flow rate of water to V = 0.01-0.08 cm/s, and the 
flow depth to 0.5-3.5 cm. In addition to the flow rate of water determined using 
hydrometric vertigo as part of the study, the water supplied was measured through a 
trapezoidal Chipoletti aqueduct. 

 Water consumption in this type of aqueduct was determined using the following 
formula: 

𝑄𝑄 =  1.86 · 𝑏𝑏 · 𝐻𝐻3/2 

The distribution of water flow through the adjustment structure was ensured in the 
amount required for the study. 

The study was conducted in 2 series, and in 1 series, the hydraulic and morphometric 
parameters of the flow were determined in 3 rows marked on a smooth surface. In series 2, 
experimental studies were conducted to adjust the channel using spurs and direct the flow 
into the water intake channel. 

In the 1st series cross-section 1 the hydraulic performance of the initial state of the flow 
and the velocity of the flow were determined. The flow rate was measured using a 
microverter. Based on the identified data, graphs of functional dependence of depth and 
cross-section in motion were constructed (Figure 3). 
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Fig. 3. In preliminary studies, the cross-sectional area and velocity distribution along the flow depth 

Cross-section 2 the water flow through the damless intake channel, the distribution of the 
flow, and the flow directions in the area were determined (Figure 4). Data were also 
obtained to calculate the hydrodynamic parameters of the flow in 2 streams. 
 

 
Fig. 4. Appearance of flow direction on a smooth surface 

As can be seen from Figure 4, the direction of flow remained unchanged at target range 1. It 
was observed that the current changed its direction and approached the left bank as it 
approached the 2 storks.  
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Fig. 5. In preliminary studies, the distribution of water flow rate along the width of the canal. Water 
intake channel  𝛼𝛼 =  30° 

Cross-section 2 the characteristic values of the flow change were obtained. According to 
him, it can be observed that the depth distribution of velocities in the section after the water 
intake channel changed when the water consumption changed (Figure 6). 

 

 
Section № 1, 𝑄𝑄 = 1.5 𝑙𝑙/𝑠𝑠 Section № 1, 𝑄𝑄 = 2.9 𝑙𝑙/𝑠𝑠 

 
Section № 2, 𝑄𝑄 = 4.0 𝑙𝑙/𝑠𝑠 Section № 2, 𝑄𝑄 = 8.0 𝑙𝑙/𝑠𝑠 
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Section № 3, 𝑄𝑄 = 4.0 𝑙𝑙/𝑠𝑠 Section № 3, 𝑄𝑄 = 12.9 𝑙𝑙/𝑠𝑠 

Fig. 6. Connection graphs of channel width and flow rate 

In the Amudarya conditions, changes in flow velocity play an important role, so a 
minimum reduction in velocity was achieved by paying attention to the level of modeling. 
However, once the stream fully descended to the right bank, the width of the river bed in its 
regulated part was chosen to be approximately equal to the stable width. 

In our scheme, the first protective control dam of 30 cm length was installed at an angle 
of 45° to the convex part of the left bank, the second protective control dam was installed 
50 cm below the first, and the third 50 cm below the second on the opposite side to the 
water intake channel. 

When dams were installed in this system, the main flow of the channel was limited, the 
flow rate in the movement zone was reduced. As a result, part of the turbid sediment flow 
was diverted to the right bank. However, this system did not ensure that the water was 
directed completely to the right and that the velocity behind the protective control dam was 
kept to a minimum.   

Protective control dam installation schemes have been amended, 300 at an angle to the 
convex part of the left bank as in the first scheme, the second protective control dam was 
installed 50 cm below the first, and the third 50 cm below the second on the opposite side to 
the water intake channel. 

The protective control dams are placed parallel to each other at an angle to the incoming 
flow. The length of the sleepers and the distance between them are assumed to be such that 
the width of the channel remaining at high flow velocities is equal to the regulated stable 
width of the river channel. The three-pass protective control dam system narrowed the 
channel, allowing the flow to turn to the right, towards the head of the water intake 
structure. The speed behind the protective control dam systems was reduced to a non-zero 
value (Figure 6.7). 
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Fig. 7. Dynamics of average flow rate and flow rate in the installation of protective control dam-
shaped adjustment structures. Values were modeled on a 1:60 scale. 

 
Fig. 8. In the second series of experimental studies, three protective control dams are hydraulic flow 
elements for the system 

Experimental research work was continued to change the direction of flow and facilitate 
the receipt of water without a dam, and 2 series of experiments were carried out by 
increasing the number of protective control dams in the system. The number of protective 
control dams was determined by the method of I.Ya. Orlov. 
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When water consumption is 4250 m3/s I, II, III waterproof when the water consumption 

is 4250 m3/s 
Fig. 8. In the second series of experimental studies, 6 hydraulic flow elements for a protective control 
dam system 

4 Conclusions   

The following results were obtained in experimental studies: 
1. A model for studying the direction of flow and other parameters of the flow in the 

area of the main structure for obtaining water from the Amudarya without a dam has been 
developed; 

2. A functional graph of the depth dependence of the consumption at the research 
object was obtained; 

3. Graphs of functional dependence of the diurnal section of the riverbed on the flow 
depth and the change of flow velocity depending on the flow depth; 

4. The direction and distribution of the flow in the area of the main water intake 
without dam was studied; 

5. The dynamics of current stagnation near the structure were determined when the 
flow direction was controlled by the traffic control structures.  
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