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SUMMARY

Within the Prypiat left-bank drainage system of the Chornobyl Exclusion Zone, according to
remote sensing data, an increase in watering of the territory was detected in 2022 and 2023
compared to previous years. Taking into account the results of hydrometeorological
observations, the probable onset of the multi- water phase of water content within the
framework of the full hydrological cycle is predicted at the end of 2022. This is argued by
statistical data regarding the relative increase the total amount of precipitation within the entire
territory of the left-bank part of the Prypiat River catchment basin during the cold period of
2022 and 2023. The established trend towards an increase in the amount of 90Sr carried away
with runoff from the left-bank system area is well consistent with such hydrological and
meteorological processes. Therefore, an increase in the amount of 90Sr carried from the area
of interest to the Prypiat River is projected in 2024-2026.
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Introduction

Monitoring studies of the Chornobyl Exclusion Zone (ChEZ) and adjacent areas by a complex of
terrestrial hydrological, radioecological methods and technologies of remote sensing of the Earth (RSE)
began to be actively conducted approximately 10 years after the accident at the Chornobyl nuclear
power plant in 1986, that is, from the mid-1990s (Calculation..., 1998; New..., 1999,
Radiohydrogeochemistry..., 2023; Azimov et al., 2024, etc.). In particular, this fully applies to the
inaccessible, swampy, largely radionuclide-contaminated area within the Prypiat left-bank drainage
system: the inter-dam area (between the "old" and "new" left-bank dams) and the sites to the northeast.
After a number of hydrotechnical measures were carried out in 2001-2015, negligible watering and
waterlogging were generally established in this area. Thus, the situation that emergence during that
period reflected the relative stabilization of the **Sr concentration in the surface runoff of the studied
area of the ChEZ.

A similar hydrological and radioecological situation was observed in the above-noted territory until
approximately the end of 2022 (4zimov et al., 2022, 2023, 2024, etc.). Using the studies involving the
latest WorldView-2 and Sentinel-2 data, the probable occurrence of a multi-aqueous phase of water
content inside of the full hydrological cycle at the end of 2022 was forecasted, and for the Prypiat River
basin in general (4zimov et al., 2023, 2024). Therefore, complex studies of spatio-temporal changes in
the "surface water-dry land" system are still relevant, because of its sensitivity to the influence of
various natural and anthropogenic factors, within the main streams and waterbodies of the ChEZ area.
Their results will contribute to the further development of effective approaches to the protection of open
water bodies of the territory from secondary technogenic pollution by radionuclides (Pigulevskiy et al.,
2016, 2017; Khrushchov et al., 2020; Azimov et al., 2022, 2023, 2024, Radiohydrogeochemistry...,
2023, etc.).

Method

Currently a large part of the ChEZ area cannot be investigated by field methods. This is due to the fact
that, firstly, it has a high level of radiation pollution, secondly, it is closed for access to civilians after
the start of Russia’s full-scale military invasion of Ukraine (February 24, 2022) and is a frontier area,
thirdly, during the temporary occupation by the Rashysts, it was randomly mined or contained
unexploded ordnance. Therefore, the latest studies of the radio-hydroecological situation within the
Prypiat left-bank drainage system were based on the use of remote sensing methods, taking into
account the results of hydrometeorological observations. Their primary objectives were to investigate
the spread of the water surface, its annual distribution, to estimate the volume of surface runoff and the
removal of radionuclides with it beyond the limits of the ChEZ, to determine, on this basis, trends in
the transformation of the radiation condition in the region in general. Remote sensing studies are
characterized by efficiency, low cost, as well as they allow covering large areas under the same
conditions of imaging, etc.

Thus, the study used the satellite multispectral imaging data acquired by the Sentinel-2 as of
02.05.2023, and 04.09.2024 and have an initial spatial resolution of 10 m/px. Initially, the images were
computer-processed, i.e. geometric and radiometric corrections as well as georeferensing were carried
out. As in previous studies based on the RSE data (Azimov et al., 2022, 2023, 2024, etc.), the territory
of the left-bank of the Prypiat drainage system of the ChEZ was classified into two main classes: open
water surface and dry land.

Since it was logical to continue comparing the results of the problem-oriented RSE data interpretation
and hydrometeorological observations, the capabilities of the ERAS platform (ERA5) were used to
sample, collect and accumulate data on the amount of atmospheric precipitation that fell in the research
area. The spatial resolution of ERAS data in the research region as in the left-bank part of the Prypiat
River basin with a total area of 57,871 km? (Figure 1), is 11.132 kmx11.132 km. Thus, within the
research area the amount of precipitation has been was analyzed in 467 cells with an area of
123.921 km? each. This part of the Prypiat catchment’s basin lies almost entirely within the territory of
the Republic of Belarus, which is clearly reflected in Figure 1. The figure above shows a contour that
outlines a multangular polygon, i.e. the corresponding part of the watershed (the so-called shape file).
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Thus, the cells located along its perimeter are incomplete, so to speak, “truncated” (non-square) pixels.
Therefore, the area of this polygon is smaller than the real area of the selection of precipitation statistics
and is 50,729 km?>.

Figure 1 The territory
w of the left-bank part of
°r'i the Prypiat River
catchment’s basin
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Results

According to the results of previously conducted studies using multispectral satellite images, it was
found that within the territory of the Prypiat left-bank drainage system of the ChEZ, relatively minor
flooding prevailed during most years in the period 2003-2022. This conclusion followed from an
analysis of the distribution of mapped areas that were occupied by water surface or land in different
years. This was observed within each of the two selected separate sections of refinement: 1) between
the old and new dams (section No. 1); 2) northeast of the old dam (section No. 2).

However, the Sentinel-2 imaging data as of 02.05.2023 and 09.04.2024 indicate an increase in flooding
of both the inter-dam section and the area located to the northeast of the old dam. In particular, in the
section between the old and new dams, according to satellite data from April 9, 2024, the mapped area
of open water surface was 3.279 km?, which is close to the similar area established as of May 2, 2023
(3.379 km?) (Figure 2). Nevertheless, in the area northeast of the old dam, in early April 2024, a
significant (3.385 km?) increase in the area occupied by water was detected, compared to 06.04.2022
(1.37 km?, see Figure 1 in Azimov et al., 2023 and Figure 8 in Azimov et al., 2024). So, the spring
indicators of 2024 increased here by 1.47 times compared to the same indicators for 2022, that’s why
we were characterized this area as relatively low-water one in the region (4zimov et al., 2023, 2024).
The detected increase in flooding of the territory confirms the continued formation of a multi-water
phase of water content within the left-bank system.

The attribute of the formation of a multi-water phase is likely emphasized by the total precipitation data
within the entire left-bank part of the Prypiat River catchment’s basin for 2022 and 2023, provided by
the ERAS platform (ERAS5). They continue to determine the trend of their growth in the cold period of
the year during November-December: in 2022 — 142 mm and in 2023 — 174 mm of the layer of fallen
water.

The data on the increasing scale of flooding and waterlogging of the studied areas of the catchments of
the left-bank of the Prypiat River are clearly direct correlated with those of the increase in the removal
values of the radionuclide *°Sr from this territory. Thus, the projected activity extents of *’Sr, which
could be removed with runoff in 2022 and 2023 were estimated by specialists of the State Specialized
Enterprise (SSE) "Ecocentre" at 0.02 and 0.034 TBq (Information..., 2024), respectively and indicate a
trend of their growth (Figure 3). So, compared to 2021, in 2023, this removal increased by 6.4 times,
and compared to 2020, by 34 times (!).

Thus, the projection made on the basis of remote sensing data (4zimov et al., 2023, 2024) that the
established hydrological and meteorological situation will lead to an increase in the extents of *°Sr
activity with runoff from the left-bank polder area in 2023 was confirmed by the calculations of the
specialists from the SSE "Ecocentre" (Information..., 2024). This is evidenced by the corresponding
“Conclusion on Confirmation...” dated 19.09.2024. Therefore, we predict (Azimov et al., 2024) further
deterioration of the radioecological situation in the research area. At least, the retention of this trend is
quite likely in 2024-2026.
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Figure 2 Territory of the Prypiat left-bank drainage system. Space images (top row) obtained from the
Sentinel-2 apparatus on 02.05.2023 (a) and 09.04.2024 (b) and created on the basis of their application
of the water surface map (bottom row) within the inter-dam section (1) and the section to the northeast
of the old dam (2). 1 — boundaries of individual sections of detailed research, 2 — areas occupied by
open water surface.
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Conclusions

The satellite imaging data analytics for 2023 and 2024 makes it possible to predict the quite probable
onset of a multi-water phase of water content within the full hydrological cycle, at least within the
ChEZ. According to interpretation results as well as the statistics regarding the total amount of
atmospheric precipitation in the cold period it was revealed that the waterlogging of the Prypiat left-
bank drainage system is raising within the left-bank Prypiat River catchment’s basin.

Since the previously made projection (Azimov et al., 2023, 2024) that a similar hydrological situation
in 2023 will lead to an increase in the capacity of *°Sr removal with runoff from the left-bank polder
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area was confirmed based on computations by "Ecocentre" specialists (Information..., 2024), we expect
a further deterioration of the radioecological situation in the research area. In either case, the retention
of this trend is quite likely in 2024-2026.

Therefore, satellite geomonitoring technologies are components of an information and technological
system for assessing the radiation-ecological situation within hard-to-reach, swampy, heavily
contaminated by radioactive fallout and mined territories occupied by paramilitary units, within which
the direct presence of staff should be extremely limited.
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