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ABSTRACT 

The article presents the results of a study and comparative analysis of the engineering and geological 

conditions of the South Surkhan reservoir, which is located in a highly seismic zone. The analysis was 

carried out for the period from the beginning of the operation of the reservoir to the present. A map of the 

current state of the processing zones of the reservoir was developed. According to the data for 1979 and 

2018, the coastline territory with a different degree of processing is determined. Recommendations on the 

organization of monitoring the territory of the reservoir and adjacent territories based on the use of remote 

sensing have been developed. 
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INTRODUCTION 

The development of the economy and the formation of economic potential in the Surkhandarya region of 

Uzbekistan is associated with the intensive use of land, water, energy and mineral resources. Their 

rational use ensures long-term and sustainable socio-economic development of the region. At the same 

time, the effective use of natural resources is adversely affected by various dam-forming, seismotectonic, 

geotechnical factors, dangerous geological processes and phenomena, especially strong earthquakes. The 

construction and operation of large reservoirs, intended mainly for the development of new and optimal 

use of existing land, are important. The construction and operation of reservoirs has both positive and 

negative consequences. They can cause significant negative changes in the nature of adjacent territories. 

Such phenomena include the flooding of vast territories. Valuable agricultural land, forests, industrial 

enterprises, settlements, mineral deposits and other objects are often flooded. The greatest extent of 

flooding is observed when creating reservoirs on lowland rivers. Groundwater pressure creates a new 

wetting of coastal areas, flooding of low coasts and built-up areas. The wetting of shores composed of 

loess rocks causes subsidence phenomena. With annual fluctuations in the water level in the reservoir, 

processes of dissolution, weathering of rocks and loss of their strength occur. Suffusion phenomena are 

becoming more likely. New landslide processes appear or are activated. Cracks and signs of subsidence of 

slopes appear in certain sections of steep banks. Due to the increasing creep of clay rocks, slow slope 

deformations are detected. As a result of processing the coastal slope, hanging gullies are often formed. In 

this regard, erosion processes are activated in them. In the study area, such damaging factors, their types 

and quantities can vary during the construction period and during the operation of the reservoir. During 

the long-term operation of the reservoir, some of them can stabilize. The construction and operation of the 

South Surkhan reservoir significantly affects the environment, including the geological environment. In 
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order to minimize or prevent damage caused by these factors, a comprehensive study of the state of the 

environment in the area of the reservoir is necessary. It is necessary to identify a number of patterns of 

seismological and engineering-geological conditions and develop criteria for their assessment. In the 

areas where hydraulic structures are located, the main changes in the geological environment are 

associated with the violation of the regime of surface and groundwater, the activation of geodynamic 

processes along the banks of reservoirs.  

The object of the study are damaging factors in the territory of the South Surkhan reservoir. 

The purpose of the research is to identify patterns of formation and development of geological and 

engineering-geological processes in the periods before construction, after construction and during the 

long-term operation of the reservoir, to identify damaging factors on the territory of the reservoir. 

The main factual materials used were data from long-term observations, stock and literary materials on 

geology, seismology, hydrogeology and engineering geology in the study area. We also used materials 

from field work carried out by us in areas of active development of geodynamic processes in the territory 

adjacent to the South Surkhan reservoir. 

 

MATERIALS AND METHODS 

The environmental impacts of human engineering have been studied by many researchers. The issue of 

the impact of human engineering on the environment has been studied by many researchers. It was 

considered in the works of E.M. Sergeev (1985), G.S. Zolotarev (1961, 1973), A.M. Khudaibergenov 

(2001) and others. We took into account the experience and research results of these scientists to study the 

territory of the South Surkhan reservoir. At the same time, the features, nature and scale of development 

of engineering and geological conditions were taken into account. Damage-causing factors in the 

reservoir were studied.  

The environmental impact of reservoirs is enormous. During and after the construction of the reservoir, 

not only sharp changes in the dynamics of water masses in natural watercourses occur, but also the 

activation of old and the emergence of new exogenous geological processes occurring in the coastal zone 

of reservoirs.  

One of the main exogenous geological processes that arise and are activated as a result of the formation 

and operation of reservoirs are slope processes, including coastal processing, activation of landslides and 

the development of subsidence, ravine formation, abrasion, etc. A special and leading place in these 

studies is the study of the laws governing the influence of the reservoir on the geological environment and 

the development of reliable methods for predicting geotechnical processes, since the laws and forecasts 

are of immediate practical interest. In addition, the prediction of engineering and geological processes and 

verification of forecasts, by comparing them with the actually observed processes, will allow a deeper 

study of the physical nature of the process and improve methods of its physical and mathematical 

modeling. 

The study of processes occurring on the banks of reservoirs, and their dynamics are of great engineering 

and geological importance. They allow you to determine the damage to the stability of the adjacent 

territories of reservoirs (loss of useful land), the reliability and durability of the operation of hydraulic 

structures. The identification of natural and technogenic processes that can cause damage both to the 

stability of engineering structures and to the surrounding geological environment (where the object of 

study is located) is carried out by a detailed study of the geotechnical conditions of the territory. 

To identify damaging factors on the territory of the investigated object, their formation and development, 

the existing research materials were studied. To analyze the types, forms of processes and phenomena on 

the area of their distribution, which took place in the period before construction and at the beginning of 

the operation of the reservoir, these materials were systematized. Next, they are compared with the 

current state, i.e. in the period after prolonged use. 



International Journal of Geology, Earth & Environmental Sciences ISSN: 2277-2081 

An Open Access, Online International Journal Available at http://www.cibtech.org/jgee.htm 

2019 Vol. 9 (3) September-December, pp. 14-30/Kurbanov 

Research Article 

 Centre for Info Bio Technology (CIBTech)  16 

 

Before the commissioning of the reservoir, construction work related to hydraulic structures (canals, 

dams, etc.) was started in 1958, and the engineering and technical impact on the geological environment 

in this area began from that time. 

After commissioning of the reservoir, studies have been conducted for more than 50 years. For this 

period, engineering-geological and hydrogeological and other natural and technological conditions of the 

territory are different. The systematization and analysis of materials from different periods of observation, 

the identification of damming factors and their dynamics using satellite imagery and GIS technologies 

over the past 10-20 years allow us to develop digital maps for assessing damaging factors at research 

objects. 

The South Surkhan Reservoir was designed by the Sredazgiprovodkhlopok Institute in 1958. Its 

construction was carried out in the period from 1958 to 1966. Since 1962, the filling of the reservoir 

began. In 1972, for the first time, water in the reservoirs reached the design flooding area of 65 km2. The 

beginning of the permanent operation of the reservoir is considered to be since 1967. Until the design, 

construction and operation of the reservoir, the territory until 1996 belonged to zone 7 point seismicity. 

Then, since 1996, these territories were transferred to zone 8 of seismicity. The reservoir belongs to the II 

class in terms of capital construction. 

Some basic parameters of the reservoir: 

-full design volume - 800mln. m
3
; 

-the length of the reservoir 20 km; 

- maximum width of 6.2 km; 

- maximum depth 27 m; 

- area 65 km
2
; 

- the length of the coastline (with the design volume of the reservoir) 60km, 4km consists of abrasion 

banks (Figure 1). 

 
Figure 1: South Surkhan Reservoir 

 

Dam: 

- length 5200m; height 30m; base width, approximately 150m; ridge width 8-10m; dam volume 450 

thousand km2; 

- type of dam - earthen with a core; 

-soil composition - heterogeneous soils - sandy loam and loam. 

A general view of the cross section of the dam is shown in Figure 2. 
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Field surveys on the territory of the South Surkhan reservoir were carried out by us in October 2018. The 

main purpose of the survey: 1. Studying the dynamics of changes in engineering and geological 

conditions from the moment of design and construction to the present. 2. Isolation from the existing 

modern geological and engineering-geological processes and phenomena of the most usherb-forming 

factors in the zone of direct influence of the reservoir and the territory adjacent to it. 

 

 
Figure 2: A general view of the cross section of the dam 

NRH - normal retaining horizon; DVH - dead volume horizon. 

 

Based on the results of field surveys on the area of the South Surkhan reservoir, relying on the many years 

of experience of the authors (Juraev et al., 2018, Yodgorov et al, 2018, Magdiev et al., 2016, Yodgorov et 

al., 2016a, Yodgorov et al., 2016b, Kurbanov et al.,2018)  and the classic works of specialists in this field 

(Zolotareva et al., 1961), sources and types of natural and man-caused damage-generating factors that 

change engineering-geological and geoecological were identified and studied conditions.  A comparative 

analysis of the main damaging factors before construction, during construction and operation, and to the 

present. 

Geological and engineering-geological processes and phenomena developed prior to construction now 

exist with slight changes outside the zone of influence of the reservoir. After the construction of the 

reservoir, as water accumulates in the reservoir and the territory is flooded, slope processes develop 

intensively in the coastal zone of the reservoir. These processes and phenomena have been studied in 

detail for the period of operation (Juraev et al., 2018). Currently, in the coastal zone of the reservoir, the 

coastal processing process, the collapse of coastal ledges have become less active, and become more 

active only during the rise and operation of the water level in the reservoir (Fig. 3.). 

 
Figure 3: Processes of coastal processing, collapse of coastal ledges with low activity. 
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Below the dam site, processes such as erosion, abrasion, washing banks, flooding of low terraces, etc. are 

directly related to the operation mode of the reservoir. In the downstream, drainage systems have been 

created that reduce the hydraulic level to the calculated level (Fig. 4), and discharge channels for water 

discharge when it is standing high (Fig. 5.6), shore protection structures, etc. 

 
Figure 4: Systems for lowering the hydraulic level to the calculated mark 

 

 
Figure 5: Left discharge channel 
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Figure 6: Right discharge channel 

The water level in the reservoir at the time of observation (09/27/2018) was significantly lower than the 

level of the normal retaining horizon (NRH) and the reservoir mirror area was 32 km
2
 (Fig. 7), the mirror 

area at the beginning of May 2019. amounted to 36 km
2
, the coast length was 31 km (Fig. 8). 

 
Figure 7: The survey scheme and places of distribution of modern engineering and geological 

processes and phenomena in the reservoir. Date of shooting September 27, 2018 

Legend: 1- view of the downstream; 2- discharge of water by the channel, on the right bank; 3- 

denudation surfaces of the high slopes of the right bank; 4- discharge of water by the Amuzang canal into 

the reservoir, the left bank; 5- suffusion funnels, left bank; 6.7 - development of erosion gullies with waste 

waters after irrigation of rural crops. 
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The observations made by us in October 2018 show that the following processes are observed on the 

study area: 

- weathering of rocks in steep slopes and vertical walls; 

- erosion, denudation and suffusion processes that form and develop gullies, suffusion funnels and other 

landforms. Such landforms are especially developed on the area composed of loess, sandy-loamy rocks on 

the left bank (Fig. 7-6, 7-7, 9, 10, 11); 

- processing of the shores of the reservoir is slower than in 1967–75 (Fig. 12) (Kholmatov et al. 1976) and 

the current coastal retreat (compared with 1975–80) is approximately 50–65 m (Fig. 13,14). 

- subsidence of the surface of loess rocks is observed in the coastal zone of the reservoir with a high 

standing water level of the reservoir, rising groundwater and flooding area; 

- there are old landslides (The technical design 1957), which are sometimes activated (Fig. 15,16); 

- mudflows occur in the spring-winter period, and they are common in the left-bank slopes of the foothill 

plains and others (Fig. 17). 

 
Figure 8: South Surkhan Reservoir. Shooting date 05/05/2019 

 
Figure 9: Development of suffusion and erosion processes on the left bank as a result of water 

discharge after irrigation 
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Figure 10: An example of a relatively slow development of a ravine on the left bank 

 

 
Figure 11: An example of a more intensive development of a ravine on the left bank 
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Figure 12: The nature of the shallows after the discharge of the water level in 1973 (left bank, dam 

zone) 

 
Figure 13: The nature of the shallows after the discharge of the water level in 2018, the discharge of 

water by the Amuzang canal into the reservoir, (left bank, dam zone) 
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Figure 14: Bank recycling, left bank 

 
Figure 15: Step landslides in slope deposits IV terraces. In the foreground a drawdown crack  

(photo 1957) 

 
Figure 16: An old landslide in the center, denudated by rainwater, on the right is a suffusion funnel 

The suffusion processes in the years 60-70 were pronounced along the cliff of the third terrace on the 

right bank of the river. Here, at a distance of 60 ÷ 80m from the cliff, there are funnels, ponurs, 
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suspension bridges, underground galleries, and caves in the lower part of the cliff. They are observed on 

the third terrace. All these forms of the karst relief were formed as a result of penetration through cracks 

or holes of earth moving materials, surface water and their removal of fine earth and sandy soils (Figures 

18, 19). At present, suffusion processes are not so pronounced (Fig. 16). 

 
Figure 17: The development of erosion-denudation processes on the left bank as a result of 

mudflows that occur in the spring-winter period. 

 

 
Figure 18: Suffocation funnels near the ledge of terrace III. In the background is I terrace and the 

Surkhan-Darya river 
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Figure 19. Suffusion funnels near the ledge of terrace III (Photo 1957) 

 

Of the above processes, the most damaging factors, in our opinion, on the territory of the South Surkhan 

reservoir are the following: 

- seismic processes in which earthquakes with an intensity of 8 (eight) points have a repeatability of 1 

time in 200-250 years; 

- coastal processing and coastline retreat, with the participation of erosion-denudation processes by 

rainwater; 

- suffusion-erosion processes and ravine formation caused by natural and man-made factors; 

- washing out and abrasion of river banks in the downstream, collapse of the edge of terraces and slopes. 

In this area, when operating the reservoir, it is necessary to take into account the possibility of 

earthquakes up to 8 points in magnitude. With a high level of reservoir filling to the level of a normal 

retaining horizon in the coastal zone of the reservoir, where the groundwater level rises to 4 m from the 

earth's surface, in this zone the earthquake intensity increases to +1.0 points, i.e. with a background 

seismicity of 8 points, the calculated seismic intensity can reach 9 points. In the lower pool, where the 

groundwater level is less than 4 m, the intensity of the earthquake increases to +1 point. Historically, 

many earthquakes were observed in this region with an epicenter close to the object with a magnitude of 7 

points, such as the Baysun earthquake on June 5, 1935. The force of concussion in the study area reached 

6-7 points (Riznichenko, 1972), fig.20. 

Shore processing, suffusion-erosion processes, landslide formation, washing out and abrasion of river 

banks in the downstream and other processes associated with the activities of surface and groundwaters 

with the participation of human activities can cause significant damage. They lead to the loss of useful 

land, premature filling of the dead volume of the reservoir by the removal of loose rocks in the reservoir 

bowl. 
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Figure 20: Schematic distribution of scores during the earthquake of July 5, 1935 (Baysunskoye) 
1. 7 points; 2.6-7; 3. 6; 4. 5-6; 5. South Surkhan Reservoir 

 

In an area where formation or development of damaging factors is possible, it is necessary to take 

measures to optimally regulate and use surface water and to regularly monitor the state of the reservoir 

and surrounding areas. In this case, it is necessary to conduct regular monitoring using modern GIS 
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technology, GPS-technologies and materials for remote sensing of the earth. If necessary, appropriate 

engineering and technical measures should be applied promptly. 

During the operation of the reservoir, a rise in the water level to the mark of the associated gas source and 

triggering of up to 10 meters or more provokes these processes on the coastal zone of the reservoir’s 

influence, abrasion, collapse of the ledges, processing of coasts and entrainment of loose and loosened 

materials deep into the reservoir, etc. occur. When the level rises to high marks in the coastal areas there 

is groundwater abstraction, pinching out in places. In places of development of loess soils as a result of 

flooding of the territory with ground waters, a subsidence of the earth's surface occurs. These processes 

take place in the coastal zone - the zone of influence of the reservoir. To clarify the dynamics and 

intensification of processes, it is advisable to organize monitoring of these zones during a period of 

prolonged maximum standing of water in the reservoir and during the period of maximum response. 

In the territory adjacent to the zone of influence of the reservoir, these processes are also common, and 

they are associated with natural and technogenic factors. Processes such as erosion-denudation are 

associated with rainwater and waters discharged after irrigation of crops (Figures 9, 17). 

Having studied the nature of the dynamics and the place of distribution of processes, it is possible to 

predict the loss of usable areas and take measures to combat usherb-forming factors. 

To clarify the changes in the engineering-geological conditions after long-term operation of the reservoir, 

we combined a schematic engineering-geological map with satellite imagery materials (survey date 

09/27/2018). The locations of individual processes that cause damage to usable area and affect the 

reliability of operation of the reservoir are highlighted. The waterfront lines of the reservoir are 

distinguished at 395 m (08.1971), 440 m (09.1972), 405 m (08.1972) and at 415 m (normal retaining 

horizon). The territory of the limited processing line 1979 and 2018 was determined (Fig. 21). 

 
 

Figure 21: Map-scheme of the lining of the current state of the zones of processing the coast of the 

reservoir. 

The water line of the reservoir, at the marks: 1–395 m (08.1971), 2–440 m (09.1972), 3–405 m (08.1972) 

and 4 at 415 m (gas); the border of the coastal processing zones: 5-1979, 6- 2018; 7- area of the 

processed shores of the reservoir 1979 - 2018 
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This strip-like zone extends along both banks of the river. On the left bank, this zone is shallow and wider 

than on the right bank and ranges from 50-70m with a dam section up to 1-1.5 km. In fig. Figure 22 

shows the selected zones according to the degree of processing of coasts in 1976 (Kholmatov et al. 1976): 

banks with very large processing, large, medium, small processing and banks that are not recyclable. The 

border of these zones was specified by us in 2018. 

 
Figure 22: The zoning scheme for the degree of processing of the banks of the reservoir 

Shores: 1- very large processing; 2- large; 3- with medium, 4- low processing, 5- banks not recyclable. 

 

At present, it is advisable to organize geomonitoring of the territory of the reservoir and adjacent 

territories. Monitoring the dynamics of damaging processes should be carried out using high-resolution 

remote sensing materials during both high standing water levels in the reservoir and low standing for each 

year of operation. In order to ensure environmental monitoring and, first of all, farmland by the Decree of 

the Cabinet of Ministers "Ensuring the implementation of certain provisions of the Decree of the 

President of the Republic of Uzbekistan dated March 29, 2018 No. PP-3639" On measures for the 

targeted and effective use of unmanned aerial vehicles of civil aviation in the economy " creation of a 

joint venture in the form of a limited liability company “BSHARKUZ”. It is advisable to use unmanned 

aerial vehicles to monitor the hydraulic structures and reservoirs of the republic. In the case of a sharp 

intensification of the processes that cause damage to the usable area and affect the reliability of the 
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reservoir operation of these processes, it is necessary to conduct a thorough examination and study of 

each damaging factor on the spot. 

 

DISCUSSION 

Within the framework of the project "Development of a methodology for assessing the usherb-forming 

factors of reservoirs located in adyr-plain areas of high seismicity using GIS technology (using the 

example of the South Surkhan and Pachkamar reservoirs)" (stage I), the following main works were 

performed: 

1. Collected cartographic materials and research materials on the territory of the reservoir for previous 

years were collected, systematized and analyzed. 

2. The engineering and geological conditions of different periods were studied: in the period before 

construction, at the beginning of the operation of the reservoir and changes in subsequent periods. 

3. In 2018, field reconnaissance engineering-seismological and geological works were carried out on the 

area of the South Surkhansky reservoir, geological and engineering-geological processes were studied and 

mapped, which significantly damage the usable land area and have a negative impact on the reliability of 

the reservoir. 

The collected materials served as the basis for the development of digital maps of modern processes that 

damage the reservoir and surrounding areas. 

4. A digital map-diagram of the current state of the processing zones of the banks of the reservoir has 

been developed. Areas with varying degrees of processing of the shores of the reservoir are identified. 

 It should be noted that the area of the South Surkhan reservoir is located in the plain part of the valley of 

the river. Surkhandarya. Loess soils of considerable thickness are prevalent here. Therefore, erosion-

denudation processes on the slopes of the valley in the coastal zone of the reservoir are developed in this 

territory. Suffusion funnels, ravines, landslides, processing of the banks of the reservoir, which occupy 

significant areas, are widespread, and these processes are damaging. We consider it expedient to conduct 

regular ground-based observations, organize monitoring in the reservoir using modern GIS technologies 

and high-resolution remote sensing materials. 
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