
 

 

 Geoinformatics 2020 
11-14 May 2020, Kyiv, Ukraine 

18226  

Use open GIS technologies to determine hydropower potential for 
lowland rivers on the example of Ukrainian part of Pripyat basin

*V. Korniienko, O. Obodovskyi, O. Pochaievets, O. Lukianets, O. Kryvets, N. Korohoda (Taras 
Shevchenko National University of Kyiv) 

SUMMARY 

The use of open GIS technologies to determine the hydropower potential of the lowland rivers on the 
example of the rivers of the Ukrainian part of the Pripyat Basin is considered. 

For this purpose, an algorithm for calculating the hydropower potential of flat rivers using GIS was 
developed. 

First of all, to calculate the required terrain data and elevation, a digital terrain model was created. 

The digital terrain model used in the study was obtained from Shuttle radar topographic mission 
(SRTM) data with 30 m open-ended resolution. 

Based on the results of mathematical processing of data on the digital terrain model, a river network 
model was created, which is one of the main components of the hydropower potential calculation. 

The next step was to divide the rivers into representative sections, and for each of them the parameters 
such as slopes and discharges were determined. 

The total hydropower potential of the lowland rivers was established as the sum of the potentials of the 
sections. 
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Introduction 
 
Hydropower has a prominent role in renewable energy. The relevance of this resource, as an energy 
production source, poses to the researchers a number of tasks: existing technologies and calculations 
modernization, creation a new method of estimating the potentially possible hydropower potential of 
water bodies. One of the research priority areas in this context is the development of techniques for the 
rivers hydropower potential automated assessment, by using modern GIS technologies. 
 
Method and/or Theory 
 
The study uses a geospatial analysis approach: geo-visualization, network analysis and surface analysis. 
The baseline data for the hydropower potential are hydrographic characteristics (river network), terrain 
(slopes) and average annual values flow rate of water. 
Determination of the rivers hydropower potential and the method of its establishment are described in 
the works of Obodovskyi O., Danko K., Pochayevets O., (O. Obodovskyi, 2017, O. Obodovskyi, 
2016). According to these studies, data on hydrographic characteristics, slopes and average annual water 
flow are required to establish the rivers hydropower potential. It is impossible to obtain all data from 
stationary observation points because of their uneven location and insufficient quantity. In this case, 
GIS technologies are used to determine the hydropower potential, which allow to create the necessary 
database, accelerate, automate and improve the accuracy of calculations. 
In the research “Possibilities of using SBS data for hydropower potential estimation of Ukrainian 
Carpathian rivers” (O. Obodovskyi, 2019), the authors use similar technologies to determine 
hydropower potential for mountain rivers of Ukraine. Based on these studies, we have developed an 
algorithm for calculating the hydropower potential for lowland rivers by using open GIS technologies: 

1. Creating a digital elevation model (digital information of terrain and elevation).у 
2. Creating a river network model. 
3. Selection of typical areas on rivers. 
4. Water flow parameters determination within each area. 
5. Total capacities values calculation of all areas. 
6. The total rivers energy potential determination (sum of the total capacities of all sections of this 

river). 
 
Examples  
 
The developed algorithm was used to determine the hydropower potential of the rivers of the Ukrainian 
part of the Pripyat Basin 
1. Modern methods of information computer processing are based on creation of digital elevation model 
(DEM) which serve as a basis for GIS and are an irreplaceable form of information about the Earth or 
its parts. (Boichuk B., 2014). The digital terrain model used in the research was obtained from Shuttle 
radar topographic mission (SRTM) data with 30-m open-ended resolution (USGS). 
2. The river network model was created based on the results of mathematical processing of digital 
elevation model data using open-source QGIS (QGIS) using Channel Network and Drainage Basins 
tools belonging to the System for Automated Geoscientific Analyses (SAGA) group.) (O'Callaghan, 
and JF., Mark, DM., ,1984; QGIS) 
3. The method of subareas accounting (O. Obodovskyi, 2019, Tsapenda M., 2009) is used for the 
hydropower potential calculation, which is based on the division of the river into areas and a 
hydropower potential is established for each of them. 
The main descriptors for this selection are changes in the slope of the river and its discharges (the 
confluence of a large tributary). For this purpose, longitudinal profiles were constructed for all rivers of 
the researched basin, using maps of scale 1: 100 000, which contain information about the absolute 
marks of the leakage and the mouth of the river. (Fig. 1). They determined the slope indices for each 
area. 
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Figure 1 Longitudinal profile of the rivers of the Pripyat Basin, with tipping points that divide the 
river into areas. 
 
4. Using SAGA terrain plugins and GRASS built-in modules, the areas of the selected river areas were 
calculated and their catchment centers established (Figs. 2, 3) (O. Obodovskyi, 2019). Areas centers 
determination is necessary to calculate water flow. 
 

Figure 2 Raster image of the areas of the 
researched sections of the river 

Figure 3 Vector image with outlines of 
subareas and points of catchment centers of the 
Stokhid river. 

 
Taking into account the rivers insufficient hydrological axis of the researched area to determine the 
water flow rates in the individual calculated areas, a map of isolines of runoff of rivers module was used 
(O. Obodovskyi, 2019; O. Obodovskyi, 2019), by which the parameters of runoff of rivers module for 
these areas were determined (Fig. 4). 
5. Considering the catchment areas of these areas, the runoff module was converted into water 
discharges, according to which their total hydropower potential was determined. 
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6. The sum of potentials of areas allows to establish the total hydropower potential of the river (O. 
Obodovskyi, 2016). 
 

 
Figure 4 Location of the isolines of runoff modulus within the sections of the sub-basin of the river 
Stokhid (O. Obodovskyi, 2019). 
 
 
Results of investigations 
 
The overall hydropower potential of the watercourses of the Ukrainian part of Pripyat was considered 
separately by the higher order sub-basins and separate rivers (O. Obodovskyi, 2019). Thus, 259 rivers 
with a catchment area of more than 50 km2 and a length of more than 10 km were considered within the 
researched basin. According to the technique of calculating the total hydropower potential (O. 
Obodovskyi, 2016), the researched rivers were differentiated into 449 areas. 
The results of the research showed that the total hydropower potential of the rivers of the Ukrainian part 
of the Pripyat basin is 241557 kW, and the values of the sub-basins are distributed as follows (Fig. 5). 
(O. Obodovskyi, 2019). 
 

 
 
Figure 5 Diagram of the total hydropower potential of rivers of the right bank of the Pripyat basin 
(within Ukraine) by sub-basins, in kW. (O. Obodovskyi, 2019). 
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The following watercourses are characterized by significant hydropower potential (in kW and% of the 
Pripyat River basin GHP): Gorin River (within Ukraine) 32259 kW (13.4%), Sluch River 26844 kW 
(11.1%), the river Stir (within Ukraine) is 21,300 (8.82%), the river is already 11290 kW (4.67%). (O. 
Obodovskyi, 2019). This is primarily due to the high water content and hydraulic flow of the rivers. 
 
Conclusions 
 
The hydropower potential of the lowland rivers of the Ukrainian part of the Pripyat Basin was 
determined using open-source GIS and spatial data. This is allow to partially automate the calculation 
process, which made it possible to improve the accuracy of the calculations. It is established that the 
total hydropower potential of the lowland rivers of the Ukrainian part of the Pripyat basin is 241.6 MW. 
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