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SUMMARY 

 
 

The purpose of the study is the analysis and interpretation of recent local vertical movements of the 

Dnister Pumped-Storage Power Plant (PSPP) (Ukraine). The study was conducted on the basis of 

precise levelling carried out on the site during 1999-2019. The average linear velocities of vertical 

movements are calculated and the field of their spatial distribution is constructed. Based on spatial 

distribution of the velocity field of vertical movements, the lifting zones of the territory, which are 

located on the border of several tectonic blocks, are identified. Zoning of the territory of the object on 

the basis of grouping of geodetic sites with similar kinematic characteristics is offered.
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Introduction 
 

Monitoring of deformation processes is a set of constant observations of the state of the Earth’s 

surface, buildings and structures in order to preserve human life and health, the environment and 

economic infrastructure. A special place in this control is played by observations of vertical 

movements, which are mainly performed by classical geodetic methods, the most perfect and accurate 

of which is precise levelling (Lyon et al, 2018). This method is to accurately determine the elevations 

between two or more geodetic sites fixed on the ground. Spampinato et al., 2013 notes that this type 

of measurement is fundamental for the estimate of recent vertical deformation. Therefore, the 

presence of three-axis series of precise levelling data makes it possible to identify and explain the 

complex kinematic processes inherent in different regions and objects. 

 

In this regard, there is a need to analyse and interpret the vertical movements of the Dnister PSPP 

(Ukraine) obtained from the results of precise levelling and also to establish the kinematics of recent 

local vertical movements, correlations and dependencies between kinematics and tectonic structure of 

the study area. The Dnister PSPP is located 8 km NE of Sokyryany, Chernivtsi region (48°30′49′′N, 

27°28′24′′E). Construction began in 1983. At present, the first stage of construction has been 

completed – 3 hydraulic units (out of 7 designed).  Savchyn and Pronyshyn, 2020 note that the Dnister 

PSPP is built in complex engineering and geological conditions, characterized by a large difference in 

altitude and steep slopes between the Dnister channel buffer reservoir and the Dnister upper reservoir, 

the presence of landslides, and the danger of water filtration.  According to Sidorov et al., 2015 in the 

process of construction of the Dnister PSPP there were quite serious technogenic interventions in the 

formed natural structure of the massif, as well as in the processes that take place in it. The cyclical 

operation of the station also leads to additional technogenic load, as well as to the changes in the 

hydrodynamic regime (Sidorov et al., 2015).  

 

Data and Method 
 

The heights of geodetic sites obtained in different cycles of precise levelling on the Dnister PSPP 

territory were used as initial data. Geodetic sites were selected for processing that met the following 

main criteria: long-term observation period (more than 5 years), no gaps in observations (more than 3 

years), depth of foundation of the geodetic sites (more than 4 m), as well as the absence of mechanical 

damage. As a result of filtration, 30 geodetic sites (12 fundamental benchmarks, 11 depth benchmarks 

and 7 geodetic sites of the GNSS reference network) located on the station site, the slope of the main 

buildings and the dam area (Figure 1). 

 

 
Figure 1 Layout of selected geodetic sites of the reference altitude network of the Dnister PSPP 
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The depth of laying fundamental benchmarks is in the range from 5 to 19 m, depth benchmarks – 

from 4 to 49 m, and geodetic sites of the GNSS reference network – from 5 to 27 m. It should be 

noted that all geodetic sites are laid at a depth of not less than 0.5 m in the native rock. 

 

During the study period from 1999 to 2019, from 24 to 46 levelling cycles were carried out at each of 

the geodetic sites, on average 2 cycles per year with a period of six month (after 2011 - 4 cycles were 

performed per year). The heights of geodetic sites are determined by precise levelling of the first 

and/or second order (Instruction P-648, 1980). This is a special method of short beam precise 

levelling according to which the root means square error of determining the excess at the station (of 

all measurements) should be less than 0.08 mm for the first order and 0.13 mm – for the second order 

(Instruction P-648, 1980). The average length of precise levelling lines between geodetic sites was in 

the range of 800-1000 m. 

 

Analysis and Interpretations 

 
The heights of geodetic sites obtained in different cycles of precise levelling were used to calculate 

the average linear velocities of vertical movements for a given period. The accuracy of determining 

the values of the velocities of vertical movements is within ±0.01 mm/year. These values were used to 

illustrate the spatial distribution of the velocity field of vertical movements on the construction site of 

the Dnister PSPP (Figure 2). It should be noted that in order to avoid distortions of the results, all 

zones in which the velocity values of vertical movements of the Earth’s surface were within ±0.04 

mm/year were considered stable.  

 

 
Figure 2 Spatial distribution of the velocity field of vertical movements in the Dnister PSPP territory 

(The map was supplemented by II and III orders faults using Sarnavski and Ovsiannikov, 2005 with 

authors’ corrections and additions) 

 
Analysing the spatial distribution of the velocity field of vertical movements (see Figure 2), it is seen 

that in general, the territory of the construction site of the Dnister PSPP undergoes lowering at a rate 

of –0.04 mm/year to –0.34 mm/year, but on the border of several blocks - 2 lifting zones are fixed. 

The first lifting zone is located on the border of blocks 7, 8 and 9 (approximate size is 1300 m by 700 

m, elongated in the N direction) and is characterized by a lifting velocity from +0.07 mm/year to 

+0.19 mm/year. The second lifting zone is located on the border of blocks 6 and 10 (approximately 

500 m by 250 m, also elongated in the N direction) and is characterized by a lifting velocity from 

+0.05 mm/year to +0.18 mm/year. It should be noted that the comparison of the obtained data with 

recent local horizontal movements presented in Savchyn and Vaskovets (2018) and Savchyn and 

Pronyshyn (2020) revealed the coincidence of the boundaries of the identified lifting zones with the 
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boundaries of extreme zones of positive dilatation values (area enlargement) and the boundaries of 

lowering zones with extreme zones of negative dilatation values (area reduction). 

 

The results confirm the presence of recent vertical movements on the territory of the construction site 

of the Dnister PSPP. However, they do not allow determining short-term kinematic features of the 

territory. Therefore, in order to identify such features of the territory of the construction site of the 

Dnister PSPP, the transition from the measured heights of geodetic sites to the values of height change 

relative to their initial position, was performed. As a result of correlation and visual analysis of the 

obtained values, it was found that some geodetic sites of the reference altitude network of the Dnister 

PSPP have similar kinematic characteristics. The grouping of such geodetic sites made it possible to 

identify 5 main zones with different kinematic characteristics on the territory of the construction site 

of the Dnister PSPP (Figure 3).  

 

 
Figure 3 Zoning of the territory of the construction site of the Dnister PSPP (The map was 

supplemented by II and III orders faults using Sarnavski and Ovsiannikov, 2005 with authors’ 

corrections and additions) 

 

It should be noted that the boundaries of the selected zones (see Figure 3) are constructed along the 

perimeter of a group of geodetic sites with similar kinematic characteristics. This approach is based 

solely on the analysis of the results of precise levelling. Obviously, the boundaries of the selected 

areas could be significantly clarified by performing an additional comprehensive analysis of recent 

local horizontal and vertical movements, as well as an analysis of the geological structure of the 

region.  

 

As a result of comparing the boundaries of the selected zones with the existing tectonic structure 

(Sarnavski and Ovsiannikov, 2005) (see Figure 3), it was found that the most difficult to interpret is 

the situation in blocks 7 and 9, which include zones 3 and 2 with different kinematic characteristics. 

The presence of zones with different kinematic characteristics within one unit, in our opinion, may be 

caused by additional technogenic load resulting from the construction of the Dnister PSPP. 

 

Precise levelling is a periodic method of research, and its results characterize the location of geodetic 

sites only during the measurement period (in our case 2-4 times a year). This method does not make it 

possible to detect short-term deformation processes that occur between measurement cycles. 

Therefore, according to Savchyn and Vaskovets, 2018, Savchyn and Pronyshyn, 2020, it is advisable 

to increase the frequency of measurement cycles to detect and track such processes, as well as their 

interpretation. 
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An automated system for monitoring deformations must be deployed in the area of the hydro unit for 

continuous control. It will provide ongoing monitoring of the construction and operation of the 

Dnister PSPP in order to ensure the conditions of its safe operation to save lives, the environment and 

economic infrastructure. 

 

Conclusions 

 

The paper presents a study of the kinematics of recent vertical movements of the Dnister PSPP during 

1999-2019 obtained on the basis of precise levelling. It is established that the value of the average 

linear velocities of vertical movements is in the range from -0.34 mm/year to +0.19 mm/year. 

Extreme values of velocities are observed in the area of the main hydraulic structures of the Dnister 

PSPP and have a pulsating alternating character. As a result of correlation and visual analysis, groups 

of geodetic sites with similar kinematic characteristics were established and a method of zoning the 

Dnister PSPP territory based on the similarity of kinematic characteristics was proposed. 
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