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Abstract. The article highlights the unique role of irrigation canals in the
supply of water in the required amount, depending on crop demand and the
rational use of it. The study of the prevention of filtration in irrigation
networks and the study of the existing malfunctions in the operation of
irrigation networks, the sequence of works on the repair of irrigation
networks were analyzed, and the priority of repair work was determined.
The current state of the Khumbuz canal in Khiva, Khorezm region of the
Republic of Uzbekistan was studied. Information was obtained and
analyzed on compliance with design specifications during construction and
the presence of protection zones in the canal design. Analytical indicators
have been developed to extend the service life of the Khumbuz canal to
ensure its normal operation and supply the required amount of water to
crops. In the implementation of water supply to agricultural crops, priority
is given to the repair and construction of hydraulic structures, including the
Khumbuz canal. In addition, all the work to be done was planned based on
the priority of the work. It has been found that the amount of water
required to irrigate crops can be achieved uniformly along the length of the
canal, at the top, middle, and bottom of the canal, by ensuring that the
irrigation networks operate at the required level. Specific scientific
recommendations have been given for the normal operation of the
Khumbuz canal. Repairing the canal has been shown to increase water use
by 20 percent and increase crop yields by 15 percent by ensuring that crops
receive the required amount of water on time. The service area of the
Khumbuz canal is 1.460 hectares. The length of the canal to be repaired is
6 km. of which 2,568 km of new concrete. The maximum water flow of the
canal is 2.5 m*/sec, and the normal water flow is 2.0 m*/sec. The efficiency
of the channel (canal) is 0.93. The article provides information on how to
achieve efficient use of irrigation water by repairing hydraulic structures at
the required level and the construction of new ones.
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1 Introduction

"Improving the efficiency of agricultural production, the widespread introduction of
intensive technologies and innovative developments, ensuring food security of the country,"
mentioned in Section 3.13 of the "Priorities of Economic Development" established by the
Decree of the President of the Republic of Uzbekistan No. PF-5953 of March 2, 2020
"Improvement of reclamation of irrigated lands, ensuring safe and stable operation of
irrigation and reclamation facilities, rational and economical use of water resources" on
"Further development and reform of the cluster system and deep processing of agricultural
products in all directions." Ensuring the implementation of the Resolution of the Cabinet of
Ministers of the Republic of Uzbekistan, dated October 19, 2019, No. 673 "On measures to
improve the system of resource management" No. PP-4486 of October 9, 2019, and
Khorezm region in 2019-2022 Measures for the integrated development of the city of
Khiva, as well as resolutions of the Cabinet of Ministers of the Republic of Uzbekistan
dated November 19, 2020, No. 145 it was determined that the implementation of the
statement of the presidium meeting was a priority. This, in turn, requires a high level of
implementation of the use of hydraulic structures.

Approved by the Decree of the President of the Republic of Uzbekistan, dated February
12, 2018 PF-5330 "On organizational measures to radically improve the system of public
administration of agriculture and water management" and July 10, 2020 PF-6024.
"Development of water management of the Republic of Uzbekistan 2020. The priorities set
out in the " Concept for 2030" include: improving the water resources management system,
as well as ensuring the safety of hydraulic structures, accelerating the construction and
reconstruction of hydraulic structures and other water bodies, improving the system of
water resources accounting; Along with the modernization of the security system of water
facilities, the introduction of modern information and communication and innovative
technologies in the industry is planned [1, 2].

Several scientists on the repair of irrigation networks, control over the operation, design,
and operation of hydraulic structures, including Balla D., Omar M., Rozanov N., Uralov L.,
Hikoya L., Bozorov D., Bakiev M., Yangiev A., Khamidov M., Isabaev K., Matyakubov
B., Xamidov A., Imomov S. and others have conducted research [3 - 9, 13-18].

The scientists mentioned above have conducted several important scientific studies and
made recommendations to assess the performance of irrigation networks at the required
level, prolong their service life and assess the structural safety of hydraulic structures and
their impact on human life.

Scientists have not researched the problems observed in the operation of irrigation
canals at the required level, i.e., the reduction of damage and damage to hydraulic
structures in the canal, as well as safety criteria.

With this in mind, the research was carried out considering the problems observed in the
study of the canal "Khumbuz" at the level of service, i.e., safety criteria to reduce the
breakdown and damage to hydraulic structures in the canal.

Engineering work was carried out on the technical condition of existing hydraulic
structures along the length of the canal, the assessment of the condition of the canal along
the length of the canal and the elimination of hazards in the canal, the demolition and
decommissioning of existing structures.

The main problem in the article is the high water loss in the Khumbuz canal and the
technical condition of hydraulic structures and the fact that the canal cover does not meet
the required level. The technical condition of the Khumbuz canal is because the existing
dams in the water distribution system do not work at the required level and the turbidity in
the canal is not well cleaned, there is no water metering facility, but it does not work at the
required level. It is considered that the water is not evenly distributed in the upper-middle
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and lower part of the canal length, and modern irrigation technologies are not used [10, 11,
12].

The study's main purpose is to analyze the operation of the irrigation canal and the
technical condition of existing hydraulic structures and provide specific recommendations
for reliable, safe operation.

The following tasks must be performed to achieve the goals:

- Study the current state of the canal along its entire length;

- Study of the technical condition of hydraulic structures in the canal;

- Analysis of damage to hydraulic structures;

- Analysis of the situation with turbidity in the canal and specific recommendations for
prevention;

- Detection of breakdowns of hydraulic structures in the canal;

- Development of conclusions on the reliable and safe operation of hydraulic structures in
the canal.

2 Methods

In the course of the research, statistical data analysis methods were used to assess the
condition of the canal and the technical condition of the existing hydraulic structures, to
determine and evaluate the criteria for the safe operation of the canal and its hydraulic
structures.

3 Results and Discussions

The research aims to improve the canal banks passing through the city of Khiva and
improve the water supply of irrigated lands through the canal. Based on this, we will focus
on the main indicators of the Khumbuz channel.

The canal was built and commissioned in 1946.

Service area: 1460 ha.

Total length of the canal: 6 km, of which 1.05 km is concrete coating.

Maximum water capacity of the canal: 2.5 m*/sec.

Normal water flow capacity of the canal: 2.0 m*/sec.

The design efficiency of the channel: 0.93.

The following is a schematic of the location of the channel (Figures 1).
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Fig. 1. Layout of the Khumbuz canal (Legend: red is rehabilitated sections of the canal and structure).

So far, 2,568 km of the canal have been repaired along the length of the canal.
Reconstruction of 22 sections of 22 different types of hydraulic structures has become
obsolete due to obsolescence. The efficiency of domestic canals is 0.72, according to the
district irrigation department. It's too small. As a result of muddy sedimentation on the sides
and bottom of the canal, the water permeability has significantly decreased, and there are
problems with the supply of water required for crops.

As a result, water management has become more difficult, the water supply to irrigated
lands from the canal has deteriorated, and it has become difficult to supply water to
irrigated areas at the end of the canal.

As a result of implementing these measures, the water supply of agricultural crops will
be improved, and crop yields will increase.

Many years of engineering and geological research materials obtained by
Uzgiprovodkhoz and Uzsuvloyikha institutes were used to determine the research's soil and
engineering geological conditions.

The following data were used in the research:

1. Topographic and geodetic works performed by Khorezmsuvloyiha Limited Liability
Company;

2. Long-term engineering and geological materials of Uzgiprovodkhoz and
Uzsuvloyikha institutes were used.

3. Data on groundwater levels and salinity performed by the Hydrogeological
Reclamation Expedition of Khorezm region;

4. Data of Irrigation district department of Khiva district;

5. The research was conducted based on current construction standards and documents.

Based on the above data and field research, the reasons for the failure of the canal and
its hydraulic structures were developed to assess the reliable and safe operation of the canal
and its hydraulic structures.

The main types of technical failures of the Khumbuz canal are as follows (Figure 1):

— Non-compliance and malfunction of the channel.
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— Technical condition of GTI in the channel is not at the required level.
— Decreased canal capacity.
— Violation of the operating mode.
— Construction defect.
— High water loss.
— Shortcomings in the project
In addition to the above, the technical failure of the Khumbuz canal is mainly due to the
failure of the canal users to maintain the water in a timely manner (see Figure 2).

§

Fig. 2. Technical condition of Khumbuz canal

In determining the gross water consumption of the canal, the loss of canal water to the soil
at a distance of 1 km is determined by the following formula following Building regulations
2.06.03-97 in land channels:

Q; =0.0116-K; - (B+2-d,)

Here: Qf is water consumption per 1 km of absorption, m® per sec;
K is the filtration index of the channel, m per day (K¢ = 0.3 m / day);
B is the width of the channel along the water surface, m;
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d. is the water depth in the canal, m;

u is an indicator of the depth of water in the channel, the width, and the slope of the
bottom.

The loss of absorption in the concrete part of the channel was determined as follows:

— Kr dc my ] 3
Qr =0.0116 . d.+t+2 dc(2+m) J1+m

Where: Qf is channel screen filtration indicator;

tis the thickness of the concrete coating, m;

d. is the water depth in the canal, m;

m is the lateral slope index.
The water consumption determined and received using the above calculations is given in
table 1 below:

Table 1. Estimated water consumption of Khumbuz canal

At the Filtration
L Calculated
Network | beginnin lose
Sectio s & of the attheend | Accepte
Hydraulic section, n water chapter s(;f:ttilz)z So:;ﬁ
channel view length | consum water .
. 3 1 km total water ption
, km ptionm”/ | consum . 3
s tion consurglptl m’/s
11)113 /s onm’/s
After PK* 60+00 0.329
51470+
60+00 earthy 0.83 0.105 0.329 0.044 0.036 0.47 0.5
+64-+
3521_‘_6740 earthy 1.906 0.187 0.47 0.05 0.095 0.752 0.8
23121167; concrete | 1.147 0.224 0.752 0.02 0.022 0.998 1.0
041__?_?;2 concrete | 2.117 0.866 0.998 0.02 0.042 1.906 2.0

*PK (The station) is the distance from the beginning of the channel in 100 m steps.

The length of the reconstructed canal is 6.0 km. Of this, 2,568 km will be re-concreted.
Monolithic concreting of the channel in the form of a trapezoid with a width of 1.5 m is
provided in the range of PKO + 00 to PK10 + 17, PK10 + 96 to PK17 + 50, PK18 + 72 to
PK25 + 68. In this case, the thickness of the concrete coating was assumed to be 10 sm.

Based on the existing conditions of the canal, the gallery-type bottom was adopted in
the form of a concrete box with a width of 3 m.

According to the surface relief, the slope of the canal was selected, taking into account
the elevation marks of the existing hydraulic structures. The canal route is located on sandy
soils. The lateral slopes of the channel were assumed to be m = 1.5 (Table 2). The channel
parameter was selected based on the available cross-sectional dimensions of the channel,
water consumption, and water level. The hydraulic elements of the channel were adopted as
follows. In the concrete part of the canal, the height of the dam surface was taken into
account, taking into account the water level of the dam.

Table 2. Hydraulic elements of "Khumbuz" channel

Water Q, B, m N ; hm

Intervals .
consumption m’/s m ’ m/s
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. maximum Qmax =2.4 1.25 0.57

1;?)24{3_%0 normal Qnor =2.0 1.5 1.5 0.017 0.00015 1.14 0.54

minimal Qmin =0.8 0.72 0.43

. maximum Qmax =1.2 0.89 0.48

PPI%312++2604' normal Qnor =1.0 1.5 1.5 0.017 0.00015 0.81 0.45

minimal Qmin =0.4 0.50 0.35

L maximum Qmax =1.0 0.81 0.55

Pplgj;f;é normal Qnor =0.8 1.0 1.5 0.017 0.00025 0.73 0.52

minimal Qmin =0.3 0.45 0.40

. maximum Qmax =1.0 0.81 0.55

Pplg;;f;o. normal Qnor =0.8 1.0 1.5 0.017 0.00025 0.73 0.52

minimal Qmin =0.3 0.45 0.40

. maximum Qmax =0.6 0.73 0.39

PRS1+70- normal Qnor =0.5 1.0 1.5 | 0.0225 | 0.00025 0.67 0.38
PK60+00 - -

minimal Qmin =0.2 0.42 0.29

The reliability assessment of the Khumbuz channel is based on the theory of complex
system reliability. Failure leads to the synthesis of parametric reliability solutions in the
general case, taking into account unexpected factors during the construction process. In the
construction of failures, a logical connection is established between the cause of the main
event (technical failure of the Khumbuz canal) - the consequences, and the main factors that
cause it.

It is necessary to analyze the damage to the Khumbuz canal, the failure of hydraulic
structures and the cause of the accident, and the development of errors.

In calculating the reliability of the structure in the channel, it is divided into separate
structures - constituent elements. The calculation is performed according to the established
quantitative characteristics of the failures of the individual elements of the series, from
simple to complex.

Since irrigation systems depend on the failure of hydraulic structures, it may even occur
due to the failure of one element of the structure [5].

The law of variation of the probability of failure of elements of hydraulic structures can
be described in the form of graphical connections obtained from the results of external
surveys and operational data on-site. Based on these connections, the distribution of the
probability of failure of building elements (such as continuous random variables) F (t)
obeys the normal law (Gauss's law) (1).

_en?

Flx)=e % 1)

where t is the service life of the elements of the hydraulic structure.
The working and faulty condition of the structure consists of inverse events, and the
following equation must be fulfilled (2).

P(t)+ F(r)=1 @)

where, P (t) is the non-rejection of the hydraulic structure;
F (t) is the probability of failure of hydraulic structures.

The probability of operation of hydraulic structures without failure during the time
interval from O to t0 t is determined statistically as follows (3):
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P(to):l—%:l—]?(t) 3)

0

where n (t) is the number of buildings, elements rejected over time t.
The technical failure of the Khumbuz canal is shown in figure 3.

Khumbuz canal failure
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Fig. 3. Technical failure of Khumbuz canal

As a result of the study of the structure of the Khumbuz canal and hydraulic structures'
condition, it was determined that repair work should be carried out to ensure its safe
operation.

4 Conclusions

Based on the research conducted to ensure the reliable and safe operation of the Khumbuz

canal and its hydraulic structures, the following recommendations can be made:

1. As a result of field observations conducted in the research channel, their technical
condition was fully assessed.

2. Reconstruction of the canal with a length of 6 km (part from PKO + 00 to PK60 + 00),
of which 2,568 km is making new concrete paving;

3. Reconstruction of hydraulic structures: 1 hydro post, 1 pipeline crossing, 1 barrier
structure, and 6 water intake facilities;

4. Implementation of repaired hydraulic structures, including 1 main structure; 1 pipe
crossing; 1 barrier structure; 6 water intake facilities, 6 pipe crossings, 1 barrier
structure, 4 water intake facilities, and 1 road bridge;

5. Emergency (failure) condition of hydraulic structures is developed.

6. Conclusions and recommendations for the reliable and safe operation of hydraulic
structures at the research facilities.
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