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Abstract. In this research, an analysis of natural field research results, 

which was conducted in the Chartak River Reservoir was given. During the 

field research, different measurements were carried out to determine the 

useful volume of reservoirs using modern measuring instruments. The 

research was carried out as following: hydraulic parameters are studied in 

the aquatic part of reservoir using “SonTekS5” river surveyor doppler, and 

geodetic measurement were obtained in the waterless parts of the reservoir 

using “N-3” surveyor levelling tool. Measurements were taken in the 

defined characteristic cross section and the results on cross section were 

extracted. Conclusions on the amount of turbid sediments in the reservoirs 

were made through analyzing the results of the field research and statistical 

comparison of long-term data of the reservoir. Based on the measurement 

data, cross sections of the reservoir were formed, and comparing the 

obtained results with the design parameters of the reservoir, the volume 

usefulness was clarified. According to the pertinent results of the research, 

the current usefulness and sediment volumes were 20.81 million m3 and 

9.19 million m3, respectively.  
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1 INTRODUCTION 

The Republic of Uzbekistan is located in the Aral Sea basin, and the main water sources in the 

country are the Amudarya and Syrdarya rivers, as well as inland rivers and streams and 

groundwater. The average long-term water flow from all sources in the Aral Sea basin is 116 

billion m3, of which 67.4% is formed in the Amudarya basin and 32.6% in the Syrdarya basin. In 
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particular, the total groundwater reserves are 31.2 billion m3, of which 47.2% fall into the 

Amudarya basin and 52.8% into the Syrdarya basin [1]. The area of irrigated land in the country 

is 4.3 million hectares. An average of 90-91% of the total water resources are used for agricultural 

activities, followed by 4.5%, in the utilities sector, 1.4% in industry, 1.2% in fisheries, 0.5% in 

thermal energy, and 1% in other sectors of the economy [1]. According to the UN classification, 

Uzbekistan is one of the countries experiencing water shortages, and the future balance of the 

country's water resources will be affected by the rapid melting of glaciers forming the main rivers 

of the region, other aspects of climate change and growing population needs for water and industry. 

It is estimated that a 10-20 per cent reduction in water supply could have serious consequences for 

the size of irrigated land and employment, resulting in a decline in gross national income. Effective 

management of water resources, which is intended meeting the needs of irrigated agriculture, 

utilities and industry and the environment, is crucial to ensure the sustainable economic 

development of the country [2,3]. 

In order to rationally use water resources, many reservoirs have been built, and the important 

tasks are the efficient and economical use of stored water, the uniform supply of water to 

consumers during the growing season, and increasing useful capacity as well as durability of 

hydraulic structures [4,5]. Considering these factors, it is vitally pivotal to improve operational 

reliability of reservoirs, to ensure hydraulic stability of hydraulic structure in reservoirs, and 

enhance calculation methods of usefulness capacity [6,7,8]. In particular, the rapid development 

of the agricultural sector and the development of new lands are leading to an increase in water 

consumption. Therefore, the construction of reservoirs in the country, prolonging their service life, 

saving water resources, rational and efficient use of available water resources is becoming a vital 

necessity [9,10]. In recent years, due to periodic water shortages as a result of global climate 

change, many problems have arisen in the agricultural sector during the growing season [11]. 

Therefore, improving the operation of reservoirs, increasing the operational reliability of 

hydraulics, preventing the reduction of the useful capacity of the reservoir as a result of turbidity 

and improving the calculation of water consumption are becoming vital necessity of water sector 

[12,13].  

It is obvious that the reservoir meets the needs of several sectors of the economy (irrigation, 

water supply, electricity, shipping, fisheries, flood control, etc.) [15]. The reservoir regulates flow 

by season and year, allowing for redistribution of flow across regions along with canals and other 

drainage structures. According to preliminary research, the amount of turbid sediments in the 

reservoir, which is as a result of years of environmental changes and atmospheric precipitation in 

the upper reaches of the structure, is sharply increasing that creates uncertainties in the calculation 

of water consumption. As a result of such negative changes, the useful capacity of the reservoir is 

reduced, the efficiency of use is reduced, and the impact on the safety of the population and 

agricultural facilities is increasing [16,17]. One of the urgent tasks today is to accurately assess the 

useful volume of the reservoir and to solve problems such as accurate accounting of water 

consumption by means of modern measuring instruments. Additionally, the rapid decline in the 

useful capacity of stream reservoirs, it is necessary to conduct biometric surveillance surveys in 
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stream reservoirs every five years. Therefore, this research is aimed at eliminating raised problems 

through conducting geodetic surveying at Chartak Stream reservoir using “SonTekS5” river 

surveyor doppler and “N-3” surveyor levelling tool [16]. 

 

2 MATERIALS AND METHODS 

In this research, Chartak Stream Reservoir was taken as study site, where at the end of the growing 

season, field surveys were conducted using a modern measuring tool to calculate the useful volume 

of the Chartak River Reservoir. The modern measurement tools, “SonTekS5” river surveyor 

doppler and “N-3” surveyor levelling tool, were used in on field experiment (Fig. 1-2). 

Noteworthy, in developing a reliable and efficient mode of operation of reservoirs, it is necessary 

to have accurate information about the volume of water stored in the reservoir for the safe operation 

of facilities [16]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. “SonTekS5” river surveyor Doppler 

 

According to the figure 1, “SonTekS5” river surveyor doppler consists of five main elements: 

The River Surveyor S5 doppler light-emitting medium, electronic software, a doppler-mounted 

boat, an adapter for transmitting and receiving GPS signals (antenna), and a power supply. Table 

1 shows that in speed measurement, profile spacing (distance) is between 0.06-5 meters, followed 

by profile spacing (speed) with +/- 20 m/s, whereas profile spacing in depth measurement is around 

0.20-15 meters. Errors in both measurements can be in between 0.25% and 1%, respectively, 

meanwhile accuracy of measurements is the same, accounting for 0.001 m/s (Table 1).  

Table 1. Parameters of “SonTekS5” river surveyor doppler 

Speed measurement Depth measurement 

Profile spacing (distance) 0.06-5 m Interval 
0.20-15 

m 

Profile spacing (speed) +/- 20 m/s Error 1% 
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Error 
Up to +/- 0.25% of measured 

velocity; +/- 0.2cm/s1 

Resolution 

(accuracy) 
0.001 

m/s 

Resolution (accuracy) 0.001 m/s 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. “N-3” surveyor levelling tool 

 

Table 2. Measurement parameters of “N-3” surveyor levelling tool 

Technical characteristics of “N-3” surveyor levelling tool 

Average square error of measurement of excess, mm: 

- for 1 km of double travel 

- at the station with a sighting beam length of 50 m 

 

3 

2 

Magnification of the optic tube, by a factor of                            30 

Pipe field of view angle                                           1,3 

Light diameter of the lens, mm                            40 

Minimum sight distance, m                             2 

The coefficient of the filament rangefinder                           100 

The price of dividing the level by 2mm: 

- cylindrical 

- round 

 

15 

10 

Operating temperature range, °C                 from -40 to +50 

Length of the telescope, mm                            175 

Weight, kg                              2 

 

According to the parameters of the above measuring instruments, the accuracy and effectiveness 

of the results of field research can be assessed. Before starting the measurements, the characteristic 

stoppers along with the length of the reservoir were determined [18]. For starting measurement 
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experiments in the pre-defined characteristic cross section, “SonTekS5” river surveyor doppler 

was put into working condition, that was, all elements of the doppler were installed in a boat, and 

the power supply and GPS signals transmission were checked. It is evident that when all elements 

are connected correctly, green indicator light switches on, whereas if there is error in the process, 

red indicator notifies it [19]. After starting the software, it was necessary to make sure that the 

system was working properly before starting the measurement work. To do this, the location of 

the measurement was entered into the mirror formed on the screen, and before each measurement 

it was necessary to perform a compass calibration to eliminate magnetic interference, ensuring that 

the error for successful calibration does not exceed 0.1 degrees (Fig. 3). 

Fig. 3. The first phase of research 

 

The data related to the study site was inserted and the measurement process was started after 

the initial tests were completed. In the software, the measurement process was followed step by 

step, of which the basic concepts of the measurement process are shown in figure 4. The procedure 

for carrying out measurements is given in figure 5. When the Doppler measuring instrument is set 

to the working position, it is activated by pressing the Start Edge button as shown in the figure 5 

on the left or right side of the set. During the measurement, the hydraulic and hydrological 

parameters of the shaft are directly monitored. When the measuring device reaches the end point 

of the shaft, the first measurement process is completed by pressing the End Edge button. 

Repeating the measurement once again increases the accuracy of the measurement data. The 

studies measure the minimum and maximum depth of the stratum, the width of the water table and 

bottom, the relief of the bottom and other parameters. 
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Fig. 4. Basic concepts of measurement process 

 

The second stage of the study was carried out in the onshore (anhydrous) part of the reservoir, 

where geodetic measurements was carried out in the identified characteristic cross section of the 

study area using N-3 levels (Fig. 5). When performing measurements using “N-3” surveyor 

leveling tool, the highest boundary point was determined as the normal stagnant water level (NDS) 

of the reservoir, and measurements were made on both the right bank and the left bank to the NDS 

point. All data obtained during the measurement and the values of the measurement results were 

entered into a special calculation table [20]. 

 
Fig. 5. Geodetic survey work in the second phase of the research experiments 

 

 

 

 



Journal of Hydraulic and 

Environmental Engineering 2023, 1(1).                                                                                                                                7 of 16 

 

3 RESULTS AND DISCUSSION 

At the study site, several characteristic constant cross sections were identified for carrying out 

measurements in natural field conditions. The first phase of the study was carried out starting from 

the cross section identified in the part near the reservoir dam (Figure 5). 

Fig. 2. Field research process 

The measurement results were monitored using software, accordingly, the main data obtained 

during the measurement process was images of the depth of reservoir and cross-sectional area. 

Using Doppler data and images, changes in the parameters of the reservoir storages were observed 

(Fig. 6-7). It was possible to estimate the degree of turbidity of the reservoir by comparing the 

obtained results with the design parameters of the reservoir. 

Fig. 3. Results obtained using Doppler in the first cross section of the reservoir 
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Fig. 4. Results obtained by Doppler in the second cross section of the reservoir. 

The results of field research showed that the cross-sectional surfaces of the reservoir were 

formed. Accordingly, the water level was 687.3 meters, and the deepest point of the measured 

section was 9.59 meters. According to the data analysis, the width of the measured sections was 

ranged from 447 meters to 1100 meters. The second stage of the study was carried out in the 

waterless  parts of the characteristic cross-sectional using the level N-3. As a continuation of the 

results obtained through Doppler, the 687.3 height mark was defined as a rapper point and the 

measurement work was continued from the same height. Moreover, measurements were first made 

on the right bank and then on the left bank.To do this, the geodetic measuring instrument was set 

to the desired point and put into operation, and the research was carried out using a measuring 

tool.The results were entered into a pre-prepared calculation table.The measured results were 

processed using a computer program after the completion of the research and the following graphs 

were obtained (Fig. 8-12). 

Table 3. Results measured by “N-3” surveyor leveling tool on the right bank of the first 

cross section of the reservoir 

№ h ▲h l i H 

1 397.5       687.35 

    380 36 0.10556   

2 17.5       691.15 

            

2 136.2       691.15 

    33.2 47 0.00706   

3 103       691.482 

            



Journal of Hydraulic and 

Environmental Engineering 2023, 1(1).                                                                                                                                9 of 16 

 

N 41 10 551     

E 71 49 115     

 

Fig. 5. Results measured by “N-3” surveyor levelling tool on the right bank of the first cross 

section of the reservoir 

Table 4. Results measured by the leveling tool on the left bank of the first cross section in 

waterless part of the reservoir 

# # h ▲h l i H 

1 

1 251    687.32 

  229 52 0.04404  

2 22    689.61 

       

2 

2 180    689.61 

  91.5 30 0.0305  

3 88.5    690.525 

       

3 

3 228    690.525 

  164 11 0.14909  

4 64    692.165 

       

4 

4 67    692.165 

  -66 52 -0.0127  

5 133    691.505 

       

5 
5 131    691.505 

  -17 48 -0.0035  
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6 148    691.335 

N 41 10 617    

E 71 48 174    

 

Fig. 9. Results measured by “N-3” surveyor levelling tool on the left bank of the first cross section 

of the reservoir 

Table 5. Results measured by leveling tools of the second cross section of the reservoir (left and 

right bank) 

# h ▲h l i H 

1 400       687.35 

    394 6.5 0.60615   

2 6       691.29 

            

2 384       691.29 

    370 52 0.07115   

3 14       694.99 

            

            

N 41 10 704     

E 71 49 166     
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Fig. 10. Results measured by leveling tools on the right bank of the second cross section of the 

reservoir 

  

Table 6. Results measured by leveling tools on the left bank of the second cross section 

 

# h ▲h l i H 

1 394    687.35 

  372 30 0.124  

2 22    691.07 

      

2 337    691.07 

  311 16 0.19438  

3 26    694.18 

      

N 41 10 742   

E 71 48 266   

 

 

 

 

 

 

 

 

 

 

Fig. 11. Results measured by leveling tools on the left bank of the second cross section 
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Based on the re-analysis of the obtained results, the cross-sections of the reservoir were 

calculated. The volume of the reservoir was calculated using the results of each stvor cutting 

surface. On the day of measurement, the level of the water table in the reservoir was ∇ 677.8, the 

height of the water level was ∇687.5, and the average width of the water level was V = 550-870 

meters. 

The measurements were carried out in this order, and the cross-sectional area graphs of the 

reservoir were processed using a computer program to process the results measured by both 

measuring instruments as follows (Figure 10). During the field research, such measurements were 

made on the total length of the reservoir in all defined storages. Based on the results obtained, the 

current volume of water in the reservoir was clarified and changes in operation, turbidity of the 

reservoir and deformation processes on the banks of the reservoir and their negative effects were 

studied. Based on the results, conclusions were made on the assessment of changes in the useful 

volume of the reservoir, operational efficiency, the volume of turbid sediments and their impact 

on the environment. Of course, using the results obtained, it is also possible to observe the 

distribution of turbid sediments in the reservoir along the upper bef. By comparing the changes 

that took place during the operation of the reservoir, the design parameters of the structure, the 

data obtained from the study, statistical analysis and theoretical calculations, a large amount of 

turbid sediments was accumulated in the upper basin during half a century exploitation. 

Fig. 12. Formation of the reservoir cross-sectional surface 
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4 CONCLUSIONS 

Based on the results of research in natural field conditions, data on changes in the reservoir and its 

consequences were analyzed. During the research, based on the data obtained using “SonTekS5” 

river surveyor doppler and “N-3” surveyor levelling tool, changes in the current reservoir were 

identified and compared with the design parameters of the facility. The results were summed up 

on the duration of the reservoir operation, the efficiency of the operating mode, the reduction in 

useful volume, changes in water levels and the impact on the environment. Based on the 

measurement data, the cross sections of the reservoir were formed and the useful volume was 

clarified by comparison with the design parameters of the reservoir. 

According to the analysis of the results, the current useful volume of the Chartak reservoir is 

20.81 million m3 and the turbid volume is 9.19 million m3.The study drew conclusions on the 

factors affecting the useful volume of the reservoir, the role of modern measuring instruments in 

accurately estimating the amount of turbid sediments and determining the amount of turbid 

sediments, their ease of use in the field and the accuracy of the results. 
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