Monitoring’2(022 EAGE

Mon22-102

*Q. Azimov (State Institution "Scientific Centre for Aerospace Research of the Earth of the Institute
of Geological Sciences of the NAS of Ukraine"), O. Tomchenko (State Institution "Scientific Centre
for Aerospace Research of the Earth of the Institute of Geological Sciences of the NAS of Ukraine™),
0. Shevchenko (Ukrainian Research Hydrometeorological Institute under the Ministry for
Emergencies and NAS of Ukraine), Ye. Dorofey (State Institution “Scientific Centre for Aerospace
Research of the Earth of the Institute of Geological Sciences of the NAS of Ukraine™)

SUMMARY

The relevance of the application of a set of terrestrial hydrological, radioecological and recent
remote sensing methods in the process of monitoring studies for the areas, which are
inaccessible, swampy, largely radionuclide contaminated is considered in a case study of the
left-bank Pripyat drainage system within the Chornobyl Exclusion Zone (CEZ). The latest
LANDSAT-7 and WorldView-2 images enable to receive the appropriate monitoring
information regarding the spatio-temporal changes in the hydrological and radio-ecological
situations at the interdam section (between the "old" and "new" left bank dams) and to the
northeast of it within the Pripyat system. On the whole, the slight watering and swamping
were emerged here after a number of hydrotechnical measures carried out for 2001-2015 and
the implementation of management decisions regarding the form of operation of the
corresponding water protection complex that proves their radioecological advisability and
validity. Thus, the current situation shows the relative stabilization of 90Sr concentration in
the surface runoff of the studied area of the CEZ.
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Introduction. Despite the existing extensive experience in dealing with the consequences of accidents
that were accompanied by radioactive contamination of water bodies and watercourses (Techa River,
Karachay Lake, Pripyat River, etc.), there are still not enough balanced, perfect, and even more so
universal approaches to the protection of open water bodies from both primary and secondary
pollution by technogenic radionuclides. Since the Chornobyl Exclusion Zone (CEZ) is located in the
upper part of the Dnieper basin, the highest requirements should be put forward for the strategy of
planning water protection measures. The justification of such measures should be provided by the
comprehensive water balance, radiation balance, technical and economic calculations, as well as a
comparison of the possible collective radiation doses of the staff during the implementation of
measures with the anticipated saving (reduction) of collective radiation exposure of the population in
general as a result of these measures. In other words, the basis for making decisions regarding the
expediency of any water protection measure is the assessment and comparison of the expected benefit
from its implementation with possible losses or damage.

It is obvious that solving the specific task of determining the causes of abnormally high water removal
of radionuclides (for example, strontium-90 — ®°Sr) from a certain area and assessing the possibility of
its reduction should be begun with the reveal of factors that distinguish this area from others with
lower removal rates. So, for the territory of the left-bank floodplain of the Pripyat River, such obvious
factors are the very high radioactive contamination of the surface by the fuel component of the fallout,
which contains the maximum amount of *°Sr, as well as the overwetting of this area. If it is almost
impossible to regulate the first factor, then the reasons that caused the overwetting of the territory
should be considered. If they are of a controlled nature, it is necessary to justify measures to minimize
the negative impact of the overwetting factor or to justify a set of research and works related to the
drastic improvement of the situation in general (for example, by draining the territory, etc.).

Study area, materials, problems, and methodological aspects of research. In the process of proper
research, it is important not only to establish the foci of maximum soil and surface water
contamination, but also to determine the sources of the main prolonged removal of radionuclides to
the water receivers, which may be associated with other factors (for example, the type of soil, the
presence of closed drainage, man-made landscape disturbances, etc.). These and other factors can
affect the phase transitions and the intensity of water migration of radionuclides. Among the
hydrodynamic changes that have, in our opinion (Azimov et al., 2019; Shevchenko et al., 2021),
substantial radioecological significance, the following deserve special attention: flooding and
submergence of territories, occurrence of groundwater backups, changes in the balance, directions and
volumes of surface and underground runoff, as well as in the ratio of lateral and vertical water
exchange. These changes significantly affect not only the redistribution of radionuclides, but also the
processes of soil formation, the composition of phytocenoses, fire safety, and other components of the
general natural and man-made environment.

The central task of the study within the framework of the characterized general problem is the
analysis of the processes associated with the specified changes and their consequences within the left-
bank Pripyat drainage system of the CEZ, the assessment of the feasibility of substantiation and the
introduction of hydrotechnical measures to improve the radioecological situation, primarily in this
area. In order to solve them, a complex of modern remote monitoring methods was applied based on
the materials of satellite imaging data, taking into account the ground measurements of the
characteristics of water bodies. At the same time, the area of the interdams section of the Pripyat
system (between the "old" and "new" left-bank dams) is the main area of detailed large-scale research.
The primary task was to identify the spatio-temporal distribution and distinguish the open water
surfaces (the so-called "water mirror") and dry land areas, reveal the places of overwetting, long-term
accumulation of water and sites of possible underflooding using the LANDSAT-7 (20.04.2003
and14.04.2004) as well as WorldView-2 (26.05.2018) images. The methodology of computerized
processing and problem-oriented interpretation of satellite images for the CEZ conditions and similar
to this the other regions with the same landscape and climatic conditions has been developed by us
and other researchers over a number of years (Kronberg, 1985; Shevchenko et al., 1999, 2004; Dovgiy
et al., 2001; Krasovsky, Petrosov, 2003; Heiskary et al., 2005; Olmanson et al., 2008; Advances ...,
2009; Campbell and Wynne, 2011; Shumakov and Azimov, 2013; Rubin et al., 2021; Azimov et al.,
2022; et al.).
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Historical aspect. After the construction of the so-called "old" (1977-1978) and "new" (1992) left-
bank dams (see Figures 1, 2, 4 in Azimov et al., 2022), runoff from the catchments of the northwestern
part of the Pripyat drainage system at a total area of over 100 km? for a long time (until 2001) was
provided only by a closure-gap in the water protection filling dam No. 7, which was built in 1986 on
the main canal No. 5, as well as by a regulated hydrolic structure (RHS) in the old dam, located 10 m
downstream of the same channel. It should be noted that the amount of **Sr removal in the Pripyat
River are proportional to the runoff volumes that is logical. The operation of the polder pumping
station (PPS) was the main factor in the increase in the volume of water runoff and the removal of *Sr
to the Pripyat River from this area. Its function was to pump significantly polluted waters from the
closed polder together with the filtration waters of the Pripyat River into the bypass channel, through
which the water flowed back into the river.

Since until 2001, the threshold of closure-gap in dam No. 7 was 2.5 m higher than the baseflow in the
Pripyat River, the surface runoff from the catchment located above, together with the pumped PPS
waters, accumulated within the dam area, thereby spreading to significantly radioactively
contaminated area. And if up to 0.3% of °Sr were removed from the total area of the catchments per
year, then from the flooded and underflooded territory — about 2.3%. That is, it was precisely the
imperfectly implemented water protection measures provoked a rather high level of radioactivity.
After the cleaning of the facilities of the water protection complex, the water levels here decreased,
that reduced significantly the time of operation of the PPS, and most importantly — lowered the
concentration of radionuclides in surface waters and their removal in the Pripyat River (see Figure 17
in Azimov et al., 2022). After the destruction of dam No. 7 in 2001, the risk of flooding of the
interdam area, and therefore the risk of increasing the concentration of s in the surface runoff and
the losses of uncontrolled polluted filtration flows, is significantly decreased. The decrease in runoff
through the left-bank polder is indirectly confirmed by the results of computerized interpretation of
satellite images for April 2003 and 2004, that is, during one of the months of intensive flooding and
overwetting of the CEZ area. Let's consider them in more detail.

Results of analysis. According to the analysis of the results of thematically oriented processing and
interpretation of satellite images for April 2003 and 2004, it was established that the area of the open
water surface within the interdam zone has decreased significantly (several times, and even almost by
an order of magnitude) in comparison with the same period of previous years (Shevchenko et al.,
1999, 2004; Azimov et al., 2022). Thus, the water table to the northeast of the old dam was mapped
for the area of about 0.76 km? to 04.20.2003 and approximately 1.54 km? to 04.14.2004 (Figure 1).
On the other hand, in the interdam section, the open water surface was identified for the area of
approximately 0.66 km? to 04.20.2003 and 1.16 km? to 04.14.2004. These remotely obtained results
show the rightfulness of various hydrotechnical measures carried out in the early 2000s (destruction
of dam No. 7, clearing of channels, structural changes in culverts, etc.), which were aimed at
improving the hydrological and radioecological situations within in the left-bank Pripyat system.

In the period after the permanent functioning of the PPS at the left-bank Pripyat system that was done
in 2015, there is also no significant flooding of the interdam section. This means that the *Sr
concentration in the surface runoff from this area does not increase, and accordingly, the losses
radionuclide-contaminated filter flows, which are uncontrolled, decrease.

The degree of relatively minor flooding of the area between the old and new dams has been revealed
by the thematic interpretation of the high spatial resolution image obtained from the WorldView-2
platform on May 26, 2018 (Figure 2). Thus, open water surface was distinguished at the area of about
5.41 km?. And this is less than the area, i.e. 7.56 km? which was identified using satellite image,
obtained on April 18, 1994 (Shevchenko et al., 1999, 2004; Azimov et al., 2022). Moreover, individual
objects of surface water in May 2018 were quite evenly located within interdam. However, in
previous years, their number increased noticeably in the general direction from north to south, mostly
they concentrated near the new dam and the area that directed to the railway track.

At the same time, on 05.26.2018, there is a significant decrease in the area of the water surface in the
site located to north-east from the old dam (3.64 km?), if it is compared with the same estimate of the
pre-reconstruction period of the Pripyat system , especially with the estimates as at April 16, 1984
(7.07 km®) and April 18, 1994 (6.68 km?) (Shevchenko et al., 1999, 2004; Azimov et al., 2022).
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Figure 1 LANDSAT-7 ETM+ images (top row) and identified open water surfaces (bottom row) within the
section between the old and new dams (1) the site to northeast from the old dam (2) at the left bank of the
Pripyat River: a — 04.20.2003, b — 04.14.2004. 1 — the boundaries of the study areas, 2 — the open water surface
Carrying out a comparative analysis of the hydrological situation in the study area by means of
satellite data of different years, it is necessary to pay attention to such a technical parameter as the
spatial resolution of the satellite sensors, which acquired satellite information. Indeed, at first glance it
may appear that the area of the open water surface detected on the WorldView-2 image for
05.26.2018 is larger than the similar ones established by the LANDSAT and SPOT images previously
(Shevchenko et al., 1999, 2004; Azimov et al., 2022). That could be explained by the spatial resolution
of the WorldView-2 multispectral images (1 m per pixel) that enables to identify the narrowest
streams and the smallest water bodies in the interdam section at more detailed study, which in many
cases were connected with their spatial locations. Due to their small geometric parameters, these
objects could not be detected in the LANDSAT and SPOT images. It is likely that on the basis of
these satellite images of medium spatial resolution, the small-sized water bodies were first assigned to
transitional (or mixed) classes, which were interpreted as the areas with weakly moistened soil
formations or the areas with the development of hydrophytes and therefore were considered as a "dry
land". Most likely, a significant part of them was in fact shallow water with the presence of
macrophytes, which was also overgrown with moisture-loving vegetation that is typical both for the
shallows and for the bogs, and, therefore, belonging actually to the class "water".

Consequently, matching of the spatial resolutions of the WorldView-2 multispectral images (1 m per
pixel) with, for example, similar LANDSAT one (30 m per pixel), it is possible to “normalize” for
sake of convenience the value of water surface area obtained from the WorldView-2 image on
26.05.2018 to the values revealed using the LANDSAT-7 ETM+ image. For this purpose it is
necessary to divide the area value of 5.414 km” at least by 5 or even by 10. In this case, the areas of
the open water surface within the interdam section of the Pripyat system, distinguished using the
images from the mentioned satellites, will be presumably comparable, at least of the same order. And
this means that as of May 2018, this area does not experience significant flooding in comparison with
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the spring periods of previous years (in particular, 2003 and 2004) that may indicate the relative
stabilization of the *°Sr concentration in the surface runoff from the studied area.
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Figure 2 The territory of the left bank of the Pripyat drainage system: (1) the interdam section, (2) the site to

the northeast from the old dam; (a) WorldView-2 image on May 26, 2018, (b) schematic map of the water

mirror constructed by means of this image. 1, 2 — see Figure 1

Conclusions. Therefore, the results of the research proved that the use of remote sensing technologies

is an operational and effective tool for detecting and monitoring hydrological processes, assessing the

state of surface water bodies in territories, which are inaccessible, swampy, largely contaminated by

radioactive fallout and there the staff have to be extremely limited. In combination with the ground

measurements integrated into geoinformation systems, remote sensing data provide the adequate

monitoring information about spatio-temporal changes in the radioecological situation in such

territories, especially within the CEZ.

The results of the work confirm the advisability of the currently adopted operating procedure of the

PPS and other hydrotechnical facilities on the left-bank Pripyat system of the CEZ, as well as the

radio-ecological efficiency of its functioning in general.
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