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Abstract. The paper presents the results of a full-scale study of the banks 
destruction in the middle section of the Amudarya River. The article presents 
the main factors of coastal destruction during floods and low water periods. 
Recommendations for the protection of banks from erosion are also 
developed. As a result of studies of the intensive local re-formation process 
of an easily washed-out channel, the plan for hydraulic schemes for the 
occurrence of local erosion of the coast both with a steady and unsteady 
movement in an open flow was developed. 
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1 Introduction 
Natural deformations of river beds mainly occur due to imbalance in the balance of 
sediments, both along the length and in the transverse profile of the river bed. The instability 
of river channels is due to the significant saturation of the river flow with channel-forming 
sediments, which cause an intensive development of the channel process [1–6]. Such 
development is often carried out in directions that create great inconvenience for human 
economic activity. In some situations, channel deformations cause great damage to the 
national economy. As an example, the following can be cited: as a result of sediment 
accumulation at the bottom, the water horizon can rise above the floodplain, which creates a 
threat of flooding of the cultivated lands and settlements located on them [6–9]. Intensive 
erosion of the banks, characteristic of the Central Asia rivers, also leads to undesirable 
consequences, such as the erosion of nearby cultivated lands and settlements, the emergence 
of a threat to ensure the normal water intake of irrigation canals at damless water intakes. 
The canal process on the Amudarya River is characterized by special cases of intensive 
erosion of the banks, caused by a short-term breakdown of the flow to the shore. This 
phenomenon was called deigish. Later, this term was extended to all cases of coastal erosion 
[8], [10–13]. 
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2 Method 
The analysis of the results of the field and experimental studies in the middle section of the 
Amudarya River, assessment of the state of the Amudarya River bed, the occurrence of local 
erosion of the bank both during steady and unsteady movement in an open flow are the 
methods of research of this work. 

3 Results and discussion 
Studies have shown that intense local deformations of the easily eroded banks of the 
Amudarya River are especially pronounced during the flood period, but they can also occur 
during low water periods. In the middle section of the Amudarya River in February, at a water 
flow rate of Q = 400 m3/s, comparatively intense destruction of the left bank of the river was 
observed. Deigish took place in different parts of the Amudarya River above the Kerki 
gauging station from October to May, the planned displacement of the edge was 800-900 m. 
During a flood 20 km above the Chardzhou gauging station, a strip of the left bank with a 
width of 700-800 m was washed away [14–16]. 

Fig. 1a, b shows the following quantitative indicators characterizing the observed cases 
of deigish. 

The main factors are the degree of restriction of the flow by large canal forms and the 
angle of the flow to the shore. 

At the site in the area of the damless water intake KMC (Karshi Main Canal) deigish was 
observed on the left bank of the Amudarya near the village of Kyzylayak. The appearance of 
deigish occurs in those cases when there is a significant discrepancy between the structure of 
the bottom topography and the velocity field of the flow. This happens under conditions of 
abrupt changes in water and sediment runoff [17–21]. On the the Amudarya River it is possible 
to identify the following regularity in the runoff of bottom sediments: the river flows through 
alternating narrowing and widening of the channel. In accordance with this, regular changes in 
the sign of canal deformations constantly occur. In those cases when a predominance of erosion 
of canal formations appears in the upper sections of the valley expansion, in the lower section 
of this expansion the canal process acquires an accumulative orientation. Retardation of 
sediments leads to the fact that the narrowing of the canal following the expansion downstream, 
allows less passage and a zone of erosion occurs in the upper part of the next expansion. As the 
accumulated sediments drain off in the lower part of the expansion, their runoff along the 
narrowing increases due to erosion, and signs of accumulation appear in the upper part of the 
expansion. They disappear as soon as the accumulation of nanoscale begins again in the lower 
part of the next expansion. It is possible to trace that the change in the sign of deformations 
on the Amudarya occurs once every 2 years [22–28]. 

The plan of the Amudarya River section and typical longitudinal and transverse profiles 
in the deigish zone in the KMC section are shown in Fig. 2. On the vertical with a maximum 
depth of 10.7 m, the velocity distribution is unique. The speed at a depth of 0.98h was 0.46 
m/s, while at a depth of 0.80h it was slightly less than 0.41 m/s. On the other verticals, the 
speeds are distributed along an exponential curve. 

Fig. 2 shows the vortex zone in a deigish funnel of size bv = 36 m and lv = 48 m, at an 
average surface vortex velocity vwater = 0.84 m/s. In a section up to 20 m long, the speed of 
moving the edge of the destroyed bank is reached up to 5 m in 30 minutes. 

The most intense local erosion of the banks was observed during the appearance of a 
characteristic flood loop on the H = H(Q) graph (Fig. 4). The most intense erosion occurs 
during the flood recession, when the slopes of the water surface from the rift to the reach, 
i.e., towards the concave coast, increase 2-3 times, and in some cases up to 10 times, and the 
local speed of the current running on the coast increase sharply. 

 
a) 
 

 
b) 
 

Fig. 1. Morphometric characteristics of the canal in the Deigish zone on the Amudarya River. 
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Fig. 2. Plan (a) with a transverse bottom profile (dashed line) at section A-A (deigish epicenter) and 
longitudinal bottom profile (b) along the dynamic axis of the BB stream for the period of stabilization 
of the left bank of the Amudarya River in the KMC site. 

 
Fig. 3. Graph of the dependence of the H level on the water discharge Q during the flood period in the 
deigish zone in the middle section of the Amudarya River. 

Thus, sediment transport is carried out by this river in periodically increasing and decreasing 
portions. It is obvious that the appearance of new canal formations in the river canal causes the 
diversion of the streams, including those flowing towards the river bank. If this happens at high 
levels, local velocities become large (3-4 m/s), which leads to a rapid erosion of the coast. Since 
the banks of the Amudarya River are usually composed of loess material capable of 
supporting vertical walls, erosion occurs by a sudden collapse of the coast. 

In addition, it should be noted that the wandering of the main canal of the Amudarya 
River occurs due to an increase in water intake. The overload of the river is folded below the 
water intake, due to frequent discharge of sediments during cleaning into the river floodplain. 
These led to the deposition and rise of the bed and the intensive wandering of the flow and, 
thus, partially affected the displacement of the main flow to left Coast. As a result of a change 
in the canal profile, the formation of a dumping doctrine, the main channel wanders along a 

wide floodplain. A meandering canal is formed in the area of the water intake and in the 
coastal zones of intense erosion, especially on the right bank of the river below the water 
intake section at the head structure of the KMС, a deigish is observed. The erosion area of 
the left bank of the river below the head water intake of the KMС is for the period 2010-2017 
was 200-250 hectares with a strip width of 100-300 m. The area of erosion of the floodplain 
part of the Amudarya River in this area in the zone of the dumping current of the coastal 
territory was 170-200 hectares. The total erosion area is 300-450 hectares. Based on the 
current canal situation in the area of the village Kyzylayak, on the rise and fall of the flood 
due to the intensive change in the planned position and deformation of the main channel, an 
emergency situation may occur, the destruction of the Kyzylayak settlement. 

As a result of field studies of the intensive local reformation process of an easily washed-
out channel, the plan of hydraulic schemes for the occurrence of local erosion of the coast 
both with steady and unsteady movement in an open flow was developed [1]. 

Comparing field and experimental data on the intensive process of coastal collapse, a 
scale factor for recalculating lateral erosion in this form was obtained: 
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where ΔB – canal width; Mh – vertical scale of the model; Мl – planned scale of the model; 
Мd – the scale of the diameter of the soil particles composing the river bed (when modeling 
fine sandy soils of the Amudarya River can be taken Md = 1); т – variable indicator that 
depends on the phase of sediment movement and varies within 1.1 < m < 2. 

In the zone of intense planned canal deformations when the flow dips to the coast, m = 2 
and, since in the hydraulic modeling of the bank erosion Ml = Mh, then when using fine sandy 
soils in the equation: 

MΔB = Mh
1.5. (2) 

To regulate the river canal with regulatory structures (straightening, etc.), it is necessary 
to determine the width B and the average depth hav of a stable channel. 

As a result of studying the kinematic and morphological regularities of the river flow, 
formulas were obtained to determine: 
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where A1 – kinematic and equation morphological parameter of flow width; А2 – kinematics-
morphological parameter of flow depth; Q – design flow rate during the deigish period; i – 
longitudinal slope of the free surface of the water; g – acceleration of gravity; d – average 
soil diameter; 𝑥𝑥 = ������

�
; vsup – average surface flow rate; v – average speed of the entire 

stream. The conducted studies of the deigish should allow the development of rational 
schemes for protecting the banks from erosion. 

4 Conclusions 
Based on the results of the study of the deigish and the observation of the dynamics of the 
morphometry of the river bed of the water flow in the middle section of the Amudarya River, 
the following conclusions can be drawn: 

1. To prevent the deigish process, it is necessary to outline the priority temporary 
measures, the construction of a system of short spurs and a dike house. Taking into account 
the high costs of manufacturing and transporting reinforced concrete products, in the future, 
it is necessary to strengthen and build dams (spurs) made from local squalls with reinforced 
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concrete structures only at the head of the edge and the head of the dams (spurs).  
2. The construction of three priority spurs was planned for protection, Kyzylayak 

settlement. During the 1998 flood in Kerki, the discharge of the Amudarya River reached 
6800 m3/s. The water surface level was higher than 246.28 m near Cape Pulizindan at the 
head of the supply canal (KMC). Floodplain part of the the Amudarya River was flooded. 
Due to the increased canal deformation during the summer flood below the water intake on 
the Amudarya River, on the left bank opposite the canal, the bank was washed out. 

3. It is necessary to develop measures to ensure guaranteed water intake in the KMC and 
seasonal release of flood waters along river beds. 

4. There is a need to study the formation of alluvial deposits and general erosion in the 
zone of influence of large hydroelectric complexes in the middle section of the Amudarya 
River and to develop methods for calculating siltation and general erosion of the channel and 
combating them. 
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concrete structures only at the head of the edge and the head of the dams (spurs).  
2. The construction of three priority spurs was planned for protection, Kyzylayak 

settlement. During the 1998 flood in Kerki, the discharge of the Amudarya River reached 
6800 m3/s. The water surface level was higher than 246.28 m near Cape Pulizindan at the 
head of the supply canal (KMC). Floodplain part of the the Amudarya River was flooded. 
Due to the increased canal deformation during the summer flood below the water intake on 
the Amudarya River, on the left bank opposite the canal, the bank was washed out. 

3. It is necessary to develop measures to ensure guaranteed water intake in the KMC and 
seasonal release of flood waters along river beds. 

4. There is a need to study the formation of alluvial deposits and general erosion in the 
zone of influence of large hydroelectric complexes in the middle section of the Amudarya 
River and to develop methods for calculating siltation and general erosion of the channel and 
combating them. 
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