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SUMMARY

The results of the change study in the water level in the Kakhovska reservoir after its
detonation by the occupation forces of the Russian Federation on June 6, 2023, which led to a
sharp drop in water levels in the Kakhovska reservoir and a catastrophic increase in water
levels and flooding of significant areas downstream, are presented. The analysis was carried
out with the help of geoinformation modeling using satellite images, as well as with
monitoring data from the hydrological station in the Nikopol city. According to the
observation data of the hydrological post, the most intense drop in the water level in the
reservoir was observed on the first day after the detonation, the total volume of the reservoir
decreased by 73%, the water levels in the reservoir fell below the critical levels of the water
intakes of settlements in the surrounding territories. As a result of the satellite images
monitoring over the past three months, it was found that the area of the reservoir has
decreased by 80% from its original size. A large part of the reservoir is not only devoid of
water, but also physically dried up. A high degree of drainage was observed on the left bank
of the Kahovska reservoir. The coast in the vicinity of Nikopol and Enerhodar cities has
undergone significant drainage.
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Introduction

The issues of water supply and water safety are very relevant in the territory of Ukraine. These
questions are especially acute in the conditions of an armed conflict with the Russian aggressor, when
military operations take place in regions with developed water infrastructure, which includes sources
of hydrodynamic danger, such as hydroelectric dams, cooling plants for nuclear plants, reservoirs
used for industry, irrigation and water supply in settlements (Rawtani et al., 2022).

The issue of water conflicts caused by the impact of military actions has been considered in many
works, in particular, the publication (Khilchevskyi, 2022) provides a classification of water conflicts
depending on the use of water, the impact on water or the role of water during the conflict. Examples
and consequences of the destruction of weirs and dams on the territory of Ukraine during the period
19412022 are described. The impact of military actions on freshwater resources and water
infrastructure during the first three months of the war on the territory of Ukraine is analyzed in the
work (Shumilova et al., 2023). The authors describe the danger from the destruction of large
reservoirs along the Dnipro River and consider possible consequences for the aquatic environment
and adjacent territories. The consequences after the destruction of the Kakhovka HPP dam were also
analyzed in the work (Vyshnevskyi et al., 2023), the purpose and capacity of the Kakhovka Reservoir,
the impact on the adjacent territories in the lower reaches of the Dnipro River, and the water quality of
the Dnipro-Buzka estuary and the northwestern parts of the Black Sea. The work (Magas et al., 2023)
shows the results of the analysis of the hydrological situation in the Dnipro-Buzka estuary region, as a
result of the destruction of the Kakhovka HPP dam. An assessment of the impact of raising the water
level below the dam on the water area and coastal areas of the Kherson and Mykolaiv regions was
made.

As you know, on June 6, 2023, the occupying forces of the Russian Federation blew up the Kakhovka
HPP dam, which led to a sharp drop in water levels in the Kakhovka Reservoir and a catastrophic
increase in water levels and flooding of significant areas downstream. The Kakhovka Reservoir
played a critical role in providing energy, drinking water, irrigation and river transport in various
regions of southern Ukraine, as well as supplying water to industrial enterprises in such cities as
Kryvyi Rih, Nikopol, Marganets and others (Magas et al., 2023).

The water level in the Kakhovka Reservoir before the explosion as of June 5, 2023 was equal to 16.79
m BS (Baltic Height System) (volume 19.9 km3). According to observation data of the Nikopol
hydrological station, the most intense drop in the water level in the reservoir (5-10 cm/h) was
observed on the first day (Fig. 1). As a result of the loss of hydraulic connection with the main part of
the Kakhovka Reservoir, the last observations at the Nikopol post were conducted in the evening of
June 11. At this time, the volume of the reservoir decreased by 73% and amounted to 5.4 km3
(According to the Hydrometeorological Center, 2023), the water levels in the reservoir fell below the
critical levels of the water intakes of settlements in the surrounding territories. Further research on the
reduction of the reservoir area, which is caused by the change in water level, was carried out by
means of remote sensing using GIS tools.

Method and Theory

The input data of satellite monitoring were data from the Sentinel-2 spacecraft with a spatial
resolution of 10 m (spatial resolution pixel is 10 m) before the descent of the reservoir on June 5,
2023, to the most relevant at the time of the study - September 8, 2023. To analyze the state of
Kakhovka Reservoir, the normalized difference water index NDWI (Normalized Difference Water
Index) was applied, which is used to determine open water bodies and their selection on a space
image against the background of soil and vegetation. The NDWI index is calculated using a
combination of GREEN-NIR (Visible Green and Near Infrared) channels, which allows you to detect
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small changes in humidity. As a result of these calculations, water bodies have positive values, while
soil and terrestrial vegetation have zero or negative values. Two types binary map of objects, water
/mon-water based on the selected threshold value was created from the received index images of the
area’s moisture content and converted into a vector to obtain areas. In the presented study, only two
periods of the reservoir state are given, before the descent and at the time of writing the publication,
but since the process of drainage continues, it is promising to further monitor the change of the
territory, including for the study of new vegetation cover formation in the drained shallow waters, the
assessment of bottom sediments area and other.
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Figure 1 The dynamics of the water level decrease in the Kakhovka Reservoir and the level of danger
of its use after the destruction of the Kakhovka HPP dam (according to the Nikopol hydrological
station)

Results

According to the assessment results of changes in the territory of the former reservoir over the past
three months, it was found that as of September 8, 2023, 379,742 km? remained from the total area of
the Kakhovka Reservoir, which was 2,091.48 km? on June 5, 2023 (Fig. 2), which is 18.2% of its
initial area (Table 1). A large part of the reservoir is not only devoid of water, but also physically
dried up. According to the results of the analysis of data from space images, the formation, that is, the
restoration of a clear channel of the Dnipro River, which occupies an area of 133,066 km?, is observed
at the site of the Kakhovka Reservoir. Also, in Figure 2, you can see large reservoirs that are
connected to the main river channel or connected to it by canals. However, due to the peculiarities of
the climatic conditions of the study area (insufficient humidification, increase in the average annual
air temperature), separation and drying of such residual water bodies may occur in the future. During
the day of September 8, 2023, the total area of the water surface of lakes and shallow waters, which
were formed as a result of draining the water area of the reservoir, is 246,676 km?.

The upper northern part of the former reservoir experienced the highest degree of drainage, which is
related to the peculiarities of the geomorphological structure of the studied territory. A high degree of
drainage was observed on the left bank of the Kakhovka Reservoir.
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Figure 2 Dynamics of changes in the territory of the Kakhovka Reservoir according to Sentinel-2
satellite data: 1- the Dnipro riverbed as of September 8, 2023, 2- the residual water surface of the

reservoir as of September 9, 2023, 3 - the water surface of the Kakhovka Reservoir as of June 5, 2023

Table 1 Water surface areas of the Kakhovka Reservoir obtained from Sentinel-2 satellite images, in
km?.

1 - the channel of the Dnipro
during the day of September
8,2023

2 - residual water surface
during the day of September
8, 2023

3 - the water surface of the
Kakhovka Reservoir during
the day of June 5, 2023

133,07

246,68

2091,48

A part of the coast in the vicinity of the Nikopol and Enerhodar cities has undergone significant
drainage (Fig. 3). Sentinel-2 satellite images show drained areas covered by bottom sediments and
sand fractions. Drainage of this area of the reservoir created dangerous operating conditions for the
Zaporizhzhya NPP. Water from the reservoir was used to pump water into the so-called splash basins,
which are needed to cool the active zones of the nuclear reactor. The negative consequences of the
draining of the Kakhovka Reservoir after the Russian detonation of the Kakhovka HPP are also that
the degraded or destroyed environments will lead to a significant decrease in biodiversity and
increased danger to endangered species. The exposed zone of the reservoir bottom will become the
largest center of spread of dangerous invasive plant species in the region. Due to the drainage of the
reservoir, at least 11 nature reserve objects, as well as the territory of the Emerald network, will be
affected. Draining of the reservoir may lead to an increase in the desertification (aridization) trend of
southern Ukraine. The lack of water from the Kakhovka Reservoir caused problems with the water
supply of settlements, which used to be at the expense of the water reservoir resources, and the
cessation of water supply to field irrigation systems in the Dnipropetrovsk, Kherson, and Zaporizhzhia
regions.
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September 8, 2023
Figure 3 Kakhovka Reservoir near Nikopol and Enerhodar cities on Sentinel-2 satellite images
Conclusions

The application of the NDWI spectral water index is an effective remote tool for studying changes in
the state and dynamics of changes in the area of surface water bodies in different periods. It has been
established that the drainage areas of the Kakhovka Reservoir and the intensity of the shallowing
process are constantly changing. According to the results of the research, a map of the dynamics of
the shallowing of the reservoir was built for three months as a result of the military conflict, and the
modern areas of the reservoir were obtained. The undermining of the Kakhovka HPP dam has and
will have much greater consequences, given the importance of the Kakhovka Reservoir for the entire
South of Ukraine. Radical changes are waiting for the Dnieper river near Zaporizhzhia, where the
width of the Kakhovka Reservoir is the largest.
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