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SUMMARY

The characteristics of water bodies near Kyiv and hydraulic structures which were used to
defend the city during the Russian-Ukrainian war are given. The Irpin River, which flows on
the western outskirts of Kyiv was a significant obstacle for the Russian troops in the first days
of the war. The forced destruction of several bridges and other hydraulic structures on this
river and other water bodies significantly complicated the advance of the Russian troops. Due
to the destruction of the hydraulic structure at the mouth of the Irpin River and the inflow of
water from the Kyivske Reservoir to its floodplain, the width of the water space here reached
1 km. Later, when the Kyiv region was liberated, the water level in the Kyivske Reservoir
was lowered and this helped to reduce the flooding. It was shown that remote sensing can be
the important source of data for the study the role of water bodies in the war.
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Introduction

One of the most important destinations of the opening phase of the Russian-Ukrainian war was Kyiv,
the Ukrainian capital. The main direction of advance towards Kyiv was the northern one, namely from
the territory of Belarus as it is the shortest way to Kyiv (about 150 km by road) from the border with
this country. To implement its plan, Russia in advance sent its troops to Belarus under the pretext of
conducting joint military exercises. Therefore, on February 24, the Russian troops headed to Kyiv in
several columns, using the existing highways.

The choice of such tactics can be explained by several factors. The first one is the potentially high
speed of advance, which theoretically made it possible to reach Kyiv in a few hours. Another one was
the confidence of Russian leadership in the victorious strength of its army. At the same time, the
advance of the force out of the roads was complicated by the natural features of the area, in particular
the presence of rivers and wetlands.

One of the measures to slow down the enemy, many times described in history (4/-doski et al., 2013;
Baumann and Kuemmerlea, 2016, Gleick, 2010; Hart, 2015, Mannion, 2003; Vyshnevskyi, 2011),
was the destruction of bridges and dams. Such measures were used many times in the Russian-
Ukrainian war as well.

The main purpose of this study is to demonstrate the use of rivers and hydraulic structures during
modern military operations and also to show the use of remote sensing data, which are in the public
domain as a modern source of necessary information.

The study area and hydrometeorological conditions

As it is known, Kyiv is located on the Dnipro River, which is one of the largest in Europe. In the

second half of the twentieth century the Dnipro River has undergone significant changes due to flow

regulation. Initially (in 1964-1966) the Kyivske Reservoir was created upstream of Kyiv, and later (in

1972-1976) the Kanivske one downstream. The normal retention level of the Kyivske Reservoir is

103.0 m, the dead volume level is 101.5 m (Fig. 1).
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Figure 1 Location of Kyiv and the main water bodies near the city: 1-2 — the Kyivske and the
Kanivske reservoirs, 3—5 — the Pripyat, Desna and Irpin rivers, 6—10 road bridges across the Irpin
River near the Stoyanka village, Romanivka village, Irpin town (railway), Hostomel town, Demidiv
village, 11 — the dam at the mouth of the Irpin River, 12 — the drainage canal, 13 — the bridge over the
drainage canal
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Near the Ukrainian-Belarusian border, the Pripyat River, which is the largest tributary, flows into the
Kyivske Reservoir. Its width on the border with Belarus is about 250 m.

Several dams were built on the banks of the Kyivske Reservoir to reduce the flooding of nearby
territory. The longest dam was constructed on the left eastern bank of the reservoir. Its length together
with the building of Kyivska HPP is 42 km. This dam was built using local soil, for which a drainage
canal over 60 km long and 70-80 m wide was dug from the eastern side of the Kyivske Reservoir.
This canal stretches for several hundred meters from the eastern bank of the reservoir and is directed
to the Dnipro River downstream of the Kyivska HPP (Vyshnevskyi, 2011).

A much smaller dam was built at the mouth of the Irpin River near the Kazarovychi village. It was
built to reduce the area of flooding in the lower reaches of the river. At the same time, that made it
necessary to pump the Irpin River runoff by a pumping station to the Kyivske Reservoir, and this
activity has been going on for over 50 years. In the mentioned dam there is also a regulating structure
with several gates, which are raised when there are very high flow rates on the Irpin River. Such cases
have been observed only a few times. The typical width of the Irpin River at the Hostomel
hydrological station, which operates near the road bridge, is 15-20 m, the average long-term water
level is 106.1 m, the minimal level is 105.2 m, and the average long-term flow is 6.8 m*/sec.

It can be added that a reclamation system was constructed on the wide floodplain of the Irpin River
several decades ago. At that time about 10 hydraulic structures were built on the river itself to regulate
water level (Vyshnevskyi, 2011).

The creation of the Kanivske Reservoir caused the rise of water level within Kyiv by 2—3 m compared
to the low water conditions. As a result, the width of the river increased by about one and a half times.
Currently, the width of the Dnipro River within Kyiv city has two arms; the width of the largest one is
about 500 m (Vyshnevskyi, 2011).

The Desna River, the largest left tributary of the Dnipro River, which flows into it in the area between
the Kyivska HPP and Kyiv city, should be also mentioned. The mouth of this river was also a bit
flooded. The width of the river near its mouth is about 250 m.

On February 24, 2022, there was no more snow in Kyiv. The same situation was in the surrounding
areas. In general, the winter of 2021/2022 was characterized with little snow. The largest thickness of
the snow cover in Kyiv during the winter was about 10 cm. The average daily air temperature on the
day of the invasion was close to 0 °C.

Materials and methods of research

The main source of data for writing of this paper was the information on water bodies located near
Kyiv, presented, in particular, in the published works (Vyshnevskyi, 2011, Vyshnevskyi, Shevchuk,
2018). Remote sensing was also an important source of data, including images of Sentinel 2, Landsat
8 and Landsat 9 satellites, available at https://scihub.copernicus.eu and earthexplorer.usgs.gov,
respectively. The spatial resolution of the visible spectral bands of Sentinel 2 satellite is 10 m, Landsat
8 and Landsat 9 satellites — 30 m. To identify the hydrometeorological conditions, the Windy program
was used as well as the results of the Earth survey, available at https://worldview.earthdata.nasa.gov.
Early in the war the data of the Ukrainian Meteorological Center were not available. Some wartime
events were tracked from Ukrainian official sources and information from the Internet.

Results and discussion

The invasion of the Russian troops into Ukraine began early in the morning of February 24, 2022. At
dawn, several dozens of helicopters flew towards Kyiv and landed at the airfield in Hostomel town on
the left (west) bank of the Irpin River, about 30 km from the center of Kyiv. Simultaneously the
columns of the Russian troops moved from the north. These attacks were conducted in two main
directions. On the right bank of the Dnipro River, the Russian troops at first crossed the Pripyat River
on the road bridge near Chernobyl town, then moved towards Ivankiv town and further to Kyiv. At
the same time, another column on the left bank of the Dnipro River advanced on the highway
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connecting the towns of Homel and Chernihiv, as well as by several other roads from the territory of
Russia.

In order to deter the advance of the Russian troops, the Armed Forces of Ukraine had to use all
available obstacles, including rivers. For this there were blown up some bridges on the way of the
Russian armed forces. These were four road bridges across the Irpin River: near the Stoyanka village,
near the Romanivka village, near Hostomel town and near the Demidiv village. There were destroyed
two railway bridges near Irpin town as well (Fig. 2).
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Figure 2 Destroyed road bridge near the Romanivka village, April 20, 2022

One more highway stretches along the Kyivske Reservoir, in particular, some part of it runs on the
dam at the mouth of the Irpin River. This dam was damaged, along with metal floodgates. Its
destruction caused the flooding of the Irpin River floodplain and complicated the river crossing.

All these destructions were carried out in the early days of the Russian invasion.

Moreover, for the increase of flooding of the Irpin River floodplain it was increased the water level in
the Kyivske Reservoir. Thus, on March 21, 2022, the water level in the reservoir reached 103.61 m,
which is higher than the normal retention level (103.0 m). In addition, for the increasing of water level
in the lower flow of the Irpin River it was discharged water from the reservoirs located in the upper
reaches of the river. These measures caused the creation of the wide water area, through which it was
difficult to arrange a pontoon crossing.

The process of the Irpin River floodplain flooding was monitored using Sentinel 2, Landsat 8§, and
Landsat 9 satellites. The first satellite image was obtained on February 26, 2022 by Sentinel 2
satellite. Images from March 11, 2022, March 18, 2022 and March 21, 2022 were also used for the
analysis.

In total, the flooding of the Irpin River floodplain lasted about three weeks. The first satellite image of
Sentinel 2 from February 26, 2022 allowed to see a small flooding of the river mouth near the dam,
more precisely — near its southern part. In a few days, the flooding of the Irpin River floodplain
increased significantly and reached its maximum on March 18-21, 2022 (Fig. 3).

Unfortunately, for the delaying the advance of the Russian troops that marched on Kyiv from the
northeast it was also necessary to destroy some infrastructure. It was destroyed the road bridge across
the drainage canal located to the east from the Kyivska HPP. In fact, this was the only place where the
advance of the Russian troops could be stopped using a water barrier. Only 2 km to west of this bridge
is located the Kyivska HPP, the destruction of which meant not only the loss of a very valuable
object, but also the flooding of the lowlands of the Ukrainian capital.

In addition, it was destroyed some bridges on the Trubizh River, which flows about 40 km to the east
from Kyiv. In particular, were destroyed the bridges near the villages of Rusaniv, Selyshche and
Borshchiv.
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a B b
Figure 3 Images obtained by Sentinel 2 satellite on 11.03.2022 (a) and 18.03.2022 (b), which show
the flooding of the Irpin River floodplain

These measures made it possible to significantly slow down the movement of the Russian troops and
prevent the rapid capture of the Ukrainian capital. Shortly after the liberation of the Kyiv region, the
bridges across the Irpin River were rebuilt, albeit in a simplified version. In addition, it was reduced
the water level in the Kyivske Reservoir. As a result, the flooding area in the mouth of the Irpin River
decreased.

Conclusions

Russian aggression against Ukraine, including the attack on its capital, has forced the Ukrainians to
use existing water bodies as defensive lines. Unfortunately, several bridges had to be destroyed,
including ones across the Irpin River and across the drainage canal northeast of the city. The
destruction of the hydraulic structure at the mouth of the Irpin River and the flooding of its floodplain
also had a significant effect. As a result, the width of the water surface in some places of the river
reached 1.0 km and that became a serious obstacle to the advance of the Russian troops, and later
contributed to the liberation of the Kyiv region from invaders.

Unfortunately, in the modern world, when there are aggressive countries, existing water bodies, as
well as bridges and hydraulic structures have to be considered as places to stop the enemy.
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