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Abstract

The article describes the results of field studies of the state of reliability and efficiency of large irrigation
channels in the Tashkent region. The assessment and analysis of the probability-statistical model of reliability
and efficiency of the Chirchik-Bozsuv diversion. These data allow the development and implementation of
organizational, technical and repair activities aimed at improving their operational reliability and efficiency
of the Lower-Bozsuv HPP-22 and Lower-Bozsuv HPP-23 hydropower facilities.
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Introduction

According to theoretical and field researches, due
to existing scientific and technical problems in
the  Chirchik-Bozsuv  diversion  channel
hydropower tract, an average of 1.2-1.3 km?®/year
of water resources (within the limits of the
Republic of Uzbekistan) is discharged into the
Republic of Kazakhstan via the Syrdarya River.
At the same time, due to the obsolescence of
technological equipment at the Lower Bozsuv
HPPs Ne4 and Ne6, which were built and
commissioned in the 1950s, water resources
flowed into the Syrdarya River through the
channel without being used for electricity
generation [1,2].

Probability-statistical model of reliable
and efficient operation of the project channel
route to Mirzachul area, to prevent loses from
discharging 1.2-1.3 km®/year of water resources
to the Republic of Kazakhstan via the Syrdarya
River due to technological losses from the
derivation channel.

The reliability of the design channel is
determined by the parameters that characterize its
hydraulic efficiency, technical condition and
accident-free operation. We will consider the
determination of the value of the coefficient of
possible reduction of the normative parameters of
the project channel with ground and concrete
cover.

The main parameters of the project
channel are the roughness coefficient n, the
efficiency of the channel €, the technical
condition of the channel . The coefficient of
water permeability of the channel is 31!, the

. Qproj Nproj
following 1= 2L ~ X9 \where: : -
g Qprob Nprob QprOb

probable water consumption in the channel,
Qproj— projected (calculated) water
consumption, np.,; — design  roughness
coefficient, ny,,— probable value of roughness
coefficient (Table 1).

Table 1. Probability values of water permeability and efficiency of the project channel
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N Channel consumption, Coefficient of roughness Slx Dproj 5= €prob
: part m3/s Nprob €proj | Eprob €proj
Qprob Qproj nprob nproj
1. Grounded cover 25 25,2 0,024 0,023 95,8 0,71 0,65 0,92
2. CO”CLe;\e/eﬁa”"as 25 2572 0,0119 0,012 99,2 085 | 0,80 0,94

Materials and Methods. Probability-statistical
model of reliability of the design channel consists
of the sum of reliability probabilities of channel
sections: double-walled and concrete-canvas
parts. In addition, the operational reliability of the
channel will depend on the number of water
intakes and other hydraulic structures in the
project  channel and  their  technical
characteristics. Therefore, the probability of
accident-free operation of the projected channel
is equal to the product of the probabilities of the
channel sections and their hydraulic structures
[3].
P(t) = [Pgr.cover(t) ' l:)con—canvas (t)] (1)

“HTS;(t) ...

“HTS, (t)

= [Pgr.cover(t)

* Peon-canvas (t)]

: ﬁ HTS;(0)

Here:  Pyrcover(t)—  probability  of
accident-free operation of the grounded cover

part of the channel; P.op—canvas(t)— probability
of accident-free operation of the concrete-canvas
covered part of the channel; HTS;(t) — probability
of accident-free operation of hydrotechnical
structures in the channel.

Results and Discussions. The probability of
providing the design (calculated) water capacity
during operation is expressed by the following

formula;
(1-00)Qproj—Qprob

Pl == F[
A G(leroj-l_o-éprob
()

Here: F(t) — normal distribution function
(Laplace function)

2

_exp (=), - :

F(x) = = %o~ the coefficient of possible

decrease in the water permeability of the channel,
OQuon Qo™ corresponding to the mean square

error of water consumption.

Table 2. Probability of providing design (calculated) water capacity during operation

(grounded cover part of the channel)

2 2
O-Qprob o

Qproj

Qprob F l:)1

O'Q .
proj
0,2 0,37 0,03

25,2

25 -0,75 0,56

Table 3. Probability of providing design (calculated) water capacity during operation

(concrete-canvas covered part of the channel)

2 2
o-Qprob Gprob o

Qproj

Qprob F l:'1

0,45 0,50 0,03

25,2

25 -0,573 0,62

According to the normative documents, the efficiency of the projected channel should not be less than 0.93.

—s=— In the channel section with oas
concrete-canvas -

—a— In the el section

with grounded cover

Figure 1. Probability of providing design (calculated) water capacity during operation
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The probability of providing the required Here: B,— Efficiency's allowable load reduction

efficiency during operation is expressed by the coefficient, Ocproj’ Ocprob— the mean quadratic

following formula: b error of the useful work coefficient accordingly.
2 —

F[(l—Bo)'Eproj —€prob

2 2
Geproj +Geprob

3)
Table 4. Probability of providing design (calculated) water capacity during operation
(grounded cover part of the channel)
GEpProj2 oeprob?2 go €proj €prob F P2
12 14 0,015 0,71 0,65 0,03 0,71

Table 5. Probability of providing design (calculated) water capacity during operation
(concrete-canvas covered part of the channel)

2 2 .
Geproi Oprob Bo €proj €prob F P,
0,81 0,55 0,035 0,85 0,80 0,017 0,73
2.5
P
1,5
1
0,5
o
—m— In the channel zection with
concrefe-canvas 0,55 035 0,85 0.8 0.7 0,73
o Inthe channel ==ction - -
with grounded cover 1,4 0,015 0,71 0,65 0,03 0,71

Figure 2. Probability of providing the required efficiency ratio during operation

Verification of probability-statistical models of reliability of the project channel will be carried out in the
part of the derivation channel between Lower-Bozsuv HPP-22 and Lower-Bozsuv HPP-23 hydropower
facilities.

0,8
0,7
0,6

0,5

Probability

P1
0,52

Figure 3. Probabilities of water permeability (P1) and efficiency of the derivation channel between
Lower-Bozsuv HPP-22 and Lower-Bozsuv HPP-23 hydropower facilities (P2)

After performing a numerical experiment using formulas (2) and (3) using the data in Table 1. The results
of the numerical experiment are shown in figure 4.
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. . A —A
We calculate the comparison error with the formula: A= [Anum.exp~Aietd.exp) 100%
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m Results of numerical
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0,52

m  Field experiment

0,5
results E

Afield.exp

0,68

0,65

Conclusion:

A comparison of the numerical and experimental
results shows that the formula for the probability
of providing the design (calculated) water
capacity during operation (2) and the formula for

the probability of providing the

required

efficiency during operation (3) are adequate.
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