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Abstract: It shows the urgency of the task of creating a methodological and program base that supports the adoption of pre-project 

solutions in the placement and justification of the parameters of prospective small hydro power plants in Kazakhstan. The questions of 

application of the data of geoinformation systems using SRTM DEM and ASTER GDEM in the making of a digital relief model are 

considered. Moreover, showed the using this application for preparation of the feasibility study for the construction of small hydro power 

stations. A brief overview of the used geoinformation systems tools is given. The deviation of proposed methods for making topographic 

maps was studied using the example of calculating the volume of the reservoir on the Baskan river in the Almaty region. 
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1. Introduction 
Currently, the dependence of the agricultural sector on 

hydrocarbon fuel limits the ability to meet the demand for food in 

the region and in the country as a whole. For agricultural producers 

there is another serious problem related to the reliability of supply 

of electricity. 

Kazakhstan's national electricity system is characterized by 

uneven concentration of generating capacity in the North and 

location of energy-deficient areas in the South, which combined 

with a large territory of the Republic led to long power lines. In 

Kazakhstan, many rural settlements do not have access to 

centralized electricity because of their remoteness or power lines 

that have reached their end of life. A large length of the distribution 

grid leads to a significant loss of 20-30% of electricity, in 

consequence of this there is a rise in the cost of electricity supply, as 

a result of which the supply of electricity to small energy consumers 

becomes a loss-making process. All of the above leads to the 

economic inexpediency of the construction or restoration of 

dilapidated long power lines. 

The prospects and relevance of the use of renewable energy 

resources for the supply of remote rural consumers are noted today 

by both domestic and foreign experts in the field of electricity and 

heat supply. The energy strategy of Kazakhstan for the period up to 

2020 provides for the replacement of 20 million tons of 

conventional fuel of traditional energy sources by renewable energy 

sources. The main priorities for the transition to a "green economy" 

facing the Republic of Kazakhstan are [1]: improving the efficiency 

of the use of resources (water, land, biological, etc.) and their 

management; improving national security, including water. 

In accordance with the Concept of all sectoral and regional 

Programs must be reviewed for compliance with the principles of 

"green economy", which includes: increasing resource productivity: 

resource productivity (defined as GDP per unit of water, land, 

energy resources, unit of greenhouse gas emissions, etc.) should 

become the central economic indicator since this parameter 

evaluates the country's ability to create value by minimizing the 

load on the environment. 

Another important problem for agricultural producers is a 

reliable irrigation system with the possibility of regulating the 

irrigation regime of crops throughout the season. The Eastern and 

Southern regions of Kazakhstan are rich in small rivers without 

sufficient irrigation systems. There are also a number of problems 

associated with the poor technical condition of existing reservoirs of 

water and irrigation value, insufficient automation of processes in 

monitoring and accounting of hydropower and water resources of 

the country. And therefore, the widespread use of renewable energy 

sources and information systems in agro-industrial complexes 

(AIC) is one of the ways to reduce the cost of final agricultural 

products. 

One of the solutions may be the use of dam small hydropower 

plants (SHP) with a reservoir using undeveloped hydro potential of 

small rivers of Kazakhstan, which has strategic importance for AIC 

as a source of reliable electricity and a water reservoir for irrigation 

of various crops. SHP has several advantages compared to large 

hydro: lower absolute capital costs, shorter investment cycle and a 

shorter period of commissioning; environmental impact of less 

global. The construction of SHP is a whole complex for solving 

various issues. 

 

2. Preconditions and means for resolving the 

problem 

In the design of SHP, naturally there is a problem of choosing 

the optimal parameters of the project. The main requirements for 

the small hydropower project are contained in [2], section 5.1.3 

"Scientific justification of hydropower facilities at the stage of 

investment justification»: 

1) selection of the location of the hydropower facility;  

2) determination of the energy parameters of the object (head, 

capacity, taking into account the work in the power system, the 

preliminary parameters of the reservoir);  

3) preliminary justification of the layout of the elements of the 

hydroelectric system, taking into account the hydroelectric 

parameters and environmental consequences;  

4) justification of the type and quantity of hydropower equipment. 

This paper considers the solution of the problem associated with 

the definition of the preliminary energy parameters of the reservoir. 

For the design of SHP with a reservoir on small rivers requires the 

analysis of the terrain, water regime of the river, landscape features 

of the area to take into account all geographical, economic and 

social indicators and requires financial and time costs. Traditional 

methods require the consideration of a large number of physical, 

geographical and socio-economic factors and require the 

consideration of human and time resources. For this, it is necessary 

to provide field geodetic expeditions to area and engage in 

topographic work for the water-energy potential (WEP) of each 

proposed basin for the reservoir, which requires time and finance. 

Topographers use various means, but recently more often use gps-

receivers, to obtain a base point from which further surveying of the 

terrain takes place. For more accurate results, gps-receivers require 

clear, rain-free weather and a time-based signal from a large 

number of satellites that will be located above the area at the time of 

shooting. 

For preliminary feasibility studies, in particular, small finances 

are spent and made in a short time, which create inconvenience. 

Thus, the actual task is to create a mathematical model that uses the 

existing base of the Kazakhstan WEP with the possibility of making 

adjustments based on the results of new studies, conducting an 

equilateral analysis in the feasibility study of the construction of 

SHP in Kazakhstan.  The mathematical model should analyze the 

different layout of the hydroelectric power station taking into 

account the choice of electromechanical, hydraulic equipment and 

facilities, and their technical parameters. One of the blocks should 

simulate the operation mode of the reservoir taking into account its 

parameters. 

As described above, topographical data are needed to determine 

the parameters of the reservoir, which can be obtained using 

geoinformation systems (GIS). The main advantage of GIS is 
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currently available to all databases on space earth sensing. This 

information is constantly updated and updated with adjustments. 

With the help of a digital elevation model and climate information, 

it is possible to perform hydrological calculations, try different 

variants of hydroelectric power station location. The construction of 

a three-dimensional terrain model on the matrix of heights does not 

require a long preliminary preparation of materials. In a simple 

description for mathematical and cartographic modeling of the 

surface of the repeating relief form, a set of point elements 

containing information about the spatial position (x, y, z) of the 

object is needed; in some cases (the use of photogrammetric 

methods of construction), the initial data can serve as a pair of 

images forming a stereo pair, etc. [3]. Further processing is carried 

out using GIS tools. 

The review of modern software based on GIS systems for 

solving problems of finding WEP is presented in [4]. The described 

works were carried out in different countries and, in general, were 

optimized and took into account the peculiarities of only those 

regions in which they were modeled.  Also, one example of the use 

of comprehensive analysis in GIS systems to determine the optimal 

location for SHP is the work, which results are described in the 

report [5]. Different factors such as proximity to power lines, supply 

facilities, roads, and environmental impacts were taken into account 

in the choice of location. The disadvantage of this work lies in the 

fact that there is only a diversion hydropower plant.  In the next 

work [6], the above-described factors were also taken into account 

in the modeling of a SHP, but the reservoir was already taken into 

account. Engineering and economic-social factors affecting the 

location of small hydropower plants were considered in [7]. The 

above works are based on paid software products and require 

manual entry or update of databases to enter information for the 

new region. 

Currently existing paid software automates the necessary 

calculations for the analysis of WEP of rivers, but does not allow 

for a comprehensive analysis with a feasibility study, the lack of a 

database of rivers of Kazakhstan deprives the possibility of 

mathematical modeling of the modes of operation of Kazakhstan 

small hydropower plants. 

 

3. Analysis of the deviation of GIS survey results 
The known open databases on space probing, for example, are: 

ASTER (Advanced Spaceborne Thermal Emission and 

Reflection Radiometer) GDEM data base. Is a joint product of 

NASA and the Ministry of economy, trade and industry of Japan 

(METI), ASTER has a very good 30-meter coverage all over the 

world [8]. 

SRTM (Shuttle Radar Topography Mission) DEM database 

international mission to obtain digital elevation model (DEM) data 

for the Earth's territory. Filming of the area was made in February 

2000 from the space Shuttle using a radar interferometric camera 

and two radar sensors SIR-C and X-SAR installed on board the ship 

[9]. It has a resolution of both 90 and 30 meters of land cover. 

According to estimates Karwel and Ewiak [10] SRTM matrix 

has error, which averages to the plains of 2.9 m and 5.4 m for hilly 

terrain, a significant portion of the data includes systematic error. 

The Russian company "RAKURS" [11] also conducted research on 

the accuracy of the matrix SRTM and ASTER, in order to clarify 

the possibilities of its use in the manufacture of digital orthophotos, 

which resulted in its own data on the systematic errors of this 

matrix, which led to the accounting of systematic errors increases 

the accuracy of the matrix SRTM and ASTER. 

Experimental studies of the accuracy of topographic GIS data, 

namely SRTM DEM version 3 and ASTER GDEM version 2, were 

carried out by comparison with the results obtained by traditional 

topographic survey. 

As an object for study was chosen village Ekiasha on the 

Baskan river in Almaty region. Near the village of Ekiasha there are 

agricultural fields, for which a reservoir for irrigation and a small 

hydroelectric power station is designed. It was calculated that the 

optimal solution for the dam will be a earthfill dam with a height of 

50 meters and a construction tunnel with a length of 400 meters as a 

pressure water pipe after construction.  The location of the SHP is 

planned to be installed after the dam. This comprehensive solution 

covers the needs of the local population in electricity and water 

supply for agriculture. 

To obtain the WEP of the reservoir, it is necessary to calculate 

the volume of water in the reservoir and its dependence on the 

height. On the basis of this dependence, the calculation of the 

modes of operation of a SHP. 

According to SRTM DEM and ASTER GDEM, the heights to 

the given points were obtained, and with their help, high-altitude 

contours for the reservoir on the Baskan river were created. Each 

contours are closed by the body of the proposed dam and give the 

surface area. The volume of the reservoir is calculated by 

successively summing the volumes of individual layers enclosed 

between two adjacent contours. The total volume of the reservoir V 

is equal to [12]:  
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where Fi and Fi+1 –  the surface areas at two adjacent levels Hi 

and   

Hi+1; 

           
)21( h - the height of the layer of water between the 

levels Hi and Hi+1 

            n - the number of layers. 

 

Figure 1 shows an example of the work done on the Baskan 

river, a digital model of the reservoir relief was simulated based on 

the SRTM version 3 matrix. 

 
Figure-1 DEM of the reservoir 

 

Figure 2 shows a comparison of the curves of dependence on 

the height to the volume of water in the reservoir obtained using 

SRTM DEM, ASTER GDEM and base. The base here is the data 

obtained from the field topographic works in the area. 

 

 
Figure 2. Curves of dependence from height on volume 

 

The deviation of SRTM data from the field topographic survey 

on the surface area at the level of 1002 meters is 4.08%, and the 

total volume of water at 12.84%. Deviation of the ASTER data with 

field topographic survey in the area of the mirror at the level of 

1002 meters is equal to 1.89%, and the total water volume by 
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7.47%. Studies have shown [13] that the model of satellite data 

SRTM and ASTER has deviations at which the dependence of 

positive and negative deviations from the coverage of the territory 

by tree and shrub vegetation is observed, namely: the main 

percentage of negative deviations is located in the forests, which 

indicates a poor-quality correction of DEM for the height of the tree 

cover. At the same time, in open areas DEM has positive deviations 

of 3 − 4 meters. The previously described systematic error in the 

SRTM data was found when comparing all altitude levels and was 

equal to an average of 2 meters. Which corresponds to the local 

vegetation as in this area growing shrubs growth of 1-2 meters. 

Figure 3 shows the dependence curves with a systematic error 

of 2 meters. What led to the following changes: SRTM deviations 

decreased in the mirror area to 0.06%, and the volume of water to 

3.33%; ASTER deviations decreased to 0.13%, and the volume of 

water to 2.35%. It was also found that the area of small mirrors had 

a higher error rate even with the adjustment. At a height of 970 

meters, the area of the small mirror had deviations of 9.17% and the 

volume of water by 7.41%. The area of small mirrors is closer to the 

gorge and has a hillier terrain, which increases the accuracy of 

satellite imagery as described earlier.  

 

 
Figure-3. Curves of dependence from height on volume (corrected) 

 

Further work should include a comparison of SRTM DEM and 

ASTER GDEM in the Eastern regions to identify more accurate 

matrices for each defined area. And to collect in one single database 

the water-energy cadaster and hydrological yearbooks of 

Kazakhstan to address the regulation of small hydroelectric power 

during the year given the full-flowing and low-water years. 

 

5. Conclusion 

 Analysis of data from satellite surveys of SRTM DEM and 

ASTER GDEM showed the possibility of using GIS in the forecast 

of water-energy potential of rivers for small hydropower plants. A 

comparative analysis of the results of determining the volume of the 

reservoir using satellite data and topographic survey results on the 

example of the reservoir on the Baskan river in the Almaty region 

showed a satisfactory proportion of differences. The source and 

level of deviation, the value and methods of adjustment to improve 

the accuracy of indicators is determined. The resulting accuracy 

after the adjustment is within the limits of error at the stage of 

preliminary feasibility study. 
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