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SUMMARY 

The report presents the results of expeditionary research of changes in the general relief of the 
river bottom, its geomorphological and lithological features, survey of sunken objects of 
natural and artificial origin, detected navigational hazards, their nature and location in the 
investigated area of the main navigation fairway of the Pripyat River within the Chornobyl 
Radiation and Ecological Biosphere Reserve, that were obtained by scientists of the State 
Institution "Scientific Hydrophysical Centre of the National Academy of Sciences of Ukraine" 
(hereinafter – Hydrophysical Centre) in particular in the interests of navigation and 
hydrographic support of shipping. 

A planar hydroacoustic survey of the bottom of the aquatorium with a total area of over 4 km2 

was carried out with the use of the ship modular sonar complex developed by the 
Hydrophysical Centre. As the outcome of cruise a significant amount of hydrophysical 
(hydroacoustic) data was obtained, sunken objects of natural and artificial origin were 
discovered and identified. According to the results of research, the spatial distribution of micro- 
and mesoforms of the bottom relief was defined, the structure of the upper part of the bottom 
sediment thickness was determined and their lithological classification was carried out. 
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Introduction 
The Chornobyl Radiation and Ecological Biosphere Reserve is located in the Ivankiv and Polissya 
districts of the Kyiv Region within the Chernobyl Exclusion Zone and Zone of Unconditional 
(Obligatory) Resettlement that were radioactively contaminated as a result of the Chornobyl disaster. 
The comprehensive research cruise "Pripyat-2019" was conducted in the waters of the main navigation 
fairway of the Pripyat River from 30 km to 62 km (within the Chornobyl Radiation and Ecological 
Biosphere Reserve) in August 2019 jointly by scientists and experts of the State Institution "Scientific 
Hydrophysical Centre of the National Academy of Sciences of Ukraine" (hereinafter – Hydrophysical 
Centre), Chornobyl Radiation and Ecological Biosphere Reserve and State Hydrographic Service of 
Ukraine (Shchyptsov, 2019). 
The purpose of the cruise was, in particular, to research changes in the general relief of the river bottom, 
its geomorphological and lithological features, to survey sunken objects of natural and artificial origin, 
to identify navigational hazards, their nature and location in the investigated area of the main navigation 
fairway within the Chornobyl Radiation and Ecological Biosphere Reserve, including in the interests 
of navigation and hydrographic support of shipping as priority measures of the preparatory stage of 
paragraph 1 (subparagraph "c") fulfillment of the Implementation plan of the Decree of the President 
of Ukraine of July 10, 2019 № 512/2019 "On some issues of development of territories affected by 
radioactive contamination as a result of the Chornobyl disaster", approved at the meeting of the Cabinet 
of Ministers of Ukraine on July 24, 2019 (Minutes № 29). 
Method and Theory 
The method of observations was remote monitoring, namely the method of hydroacoustic studies of the 
river environment using a ship modular sonar complex developed by the Hydrophysical Centre (Fig. 1a). 

  
a)                                                                    b) 

Figure 1 Small vessel "Spirit", equipped with a ship modular sonar complex: a) small vessel "Spirit"; 
b) block diagram of the ship modular sonar complex. 

 
The ship modular sonar complex included (Fig. 1b): domestically manufactured Side-scan sonar 
(hereinafter – SSS) with different operating frequencies, sounder-chartplotter Lowrance HDS 12 
Carbon, GPS receiver, structure scanner Lowrance Structurescan 3D, computer and sonar antenna 
LOWRANCE TotalScan™ Skimmer. 
In the interest of collecting, processing and storage of sonar data, custom software has been developed 
to provide the possibility of building tablets of the investigated waters, with automatic application of 
the tack scheme as well as sonar information with reference to the coordinates and bathymetric maps. 
Taking into account the event-oriented information model of this sonar complex, software algorithms 
and mathematical models (1) developed by the Hydrophysical Centre were used to generalize and 
process data in pseudo-real time (Fedosejenkov, 2019). 
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This allowed for the first time to obtain high-resolution echograms as the final product of the survey of 
the Pripyat River main navigation fairway within the Chornobyl Radiation and Ecological Biosphere 
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Reserve. The software consisted of a real-time program for receiving and processing information and a 
pseudo-real-time program that provides additional and final data processing. 
Results 
During the expeditionary research completed along the main fairway of the Pripyat River, a planar 
hydroacoustic survey of the river bottom structure and water column was carried out, which allowed to 
discover and investigate sunken objects of natural and artificial origin, to define their geospatial 
coordinates and dimensions as well as to build mathematical models of the reflected signal intensity. 
The total length of the route was about 40 km. (Fig. 2) (Gholodov, 2019). 

 
Figure 2 Cartographic diagram indicating the route of the small vessel "Spirit" (equipped with a 
modular sonar complex) in the waters of the main navigation fairway of the Pripyat River within the 
Chornobyl Radiation and Ecological Biosphere Reserve (as of August 14-16, 2019). 

 

 
Figure 3 Partially sunken barge in the waters of the Pripyat River within Chornobyl Radiation and 
Ecological Biosphere Reserve (as of August 15, 2019) 
 

In general, the study of the river bottom structure within the surveyed aquatorium has revealed more 
than 50 distinctive objects of artificial and natural origin. For example, that was inspected a partially 
sunken barge about 70 m long as a navigational hazard. (Fig. 3-4). Hydroacoustic study of the vessel 
revealed its significant siltation at a depth of 5-6 m. The nature of the bottom geomorphology, the 
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bottom lithology and the strength of the currents gave the reason to predict the possibility of the barge 
shift in the direction of the main navigational fairway of the Pripyat River. 
It should be noted that the most of the received echo signals contained information about the thin layered 
structure of bottom sediments with a resolution of up to 0.3 m. The obtained data are unique (for this 
area of anthropogenic pollution) and require further study for detailed stratification of river bottom 
sediments of the Pripyat River. 

 
Figure 4 SSS echogram (2019-08-15; t = 11: 18: 29) of the partially sunken barge (the length of the 
barge is about 70 m) in the waters of the Pripyat River within the Chornobyl Radiation and Ecological 
Biosphere Reserve (coordinates of the sunken barge location: N051˚24.985´; E030˚05.622´). 
 

Considering the basic patterns of sedimentation, which are caused by hydrodynamic factors and 
apparently currents as well as taking into account the peculiarities of the bottom relief, we can identify 
areas of final transportation of sedimentary rocks of small classes (two types). In particular, zones of 
stagnation with passive hydrodynamic conditions or the formation of vortex structures, and dissipation 
zones, where there is a decrease in the energy of the flow as a result of its impact on the obstacle, 
resulting in the loss of the suspended material. These zones are the most favorable for the accumulation 
of sedimentary material of small and thin classes. 
Used hydroacoustic method of studying the river environment condition within the investigated water 
area of the main navigation fairway of the Pripyat River and the author's software algorithms and 
mathematical models of research allowed to obtain the following applied results: 
- planar hydroacoustic survey of the river bottom and water column with a total area of more than 4 km2 
was carried out, enabling detection and investigation of flooded dangerous objects of natural and 
artificial origin. The geographical coordinates and dimensions of the detected objects were determined 
as well as mathematical models of the intensity of the reflected signal were built; 
- remote study of the bottom sediments of the Pripyat River made it possible to determine their average 
density, which ranged from 1490 to 1600 kg/m3, and to detect changes in the concentration of silt in the 
upper layer that indicates siltation of the river in the investigated area. The siltation, in turn, leads to the 
accumulation of pollutants in the pelitic fraction of bottom sediments; 
- lithological classification of the upper layer of bottom sediments was obtained. There were registered 
upper sedimentary stratum structures with a thickness of 0.2-0.6 m depending on the density by means 
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of hydroacoustic profiling. Simultaneously the acoustically transparent weakly stratified thickness 
indicated their petrophysical homogeneity; 
- geophysical parameters (geoacoustic characteristics and lithological types of bottom sediments, 
inverse and volumetric reverberation of the water column) of the surveyed areas were studied. 
Appropriate geomorphological models of the river bottom were built with the application of the 
software and author's mathematical models; 
- it was made the register of objects dangerous for navigation in coastal strips and a channel of the 
Pripyat River within the surveyed aquatorium of the main navigation fairway; 
- collected materials of hydroacoustic survey, which supplemented the hydrographic fragment of the 
Oceanographic Data Bank of the National Academy of Sciences of Ukraine, will further allow a 
comprehensive comparative assessment of the geomorphological features of the Pripyat River. 
Conclusions 
Investigation of the water area of the main navigation fairway of the Pripyat River within the Chornobyl 
Radiation and Ecological Biosphere Reserve allowed to obtain up-to-date hydrophysical 
(hydroacoustic) data necessary for the study and monitoring of modern hazardous geological processes 
related to redistribution, transportation and accumulation of the bottom sedimentary material. 
It was determined that sunken and abandoned objects should be removed to restore navigation, but 
before that the risks of contamination with both Chernobyl radionuclides and possible residues of oil 
products contained in abandoned and sunken vessels should be assessed. Careful study of potentially 
radiation-hazardous objects in the coastal strips and riverbed will minimize the removal of radionuclides 
outside the Chernobyl Exclusion Zone and prevent the possible deterioration of the radiation status of 
surface river waters. 
Relevant hydrophysical (hydroacoustic) data were entered into the Oceanographic Data Bank of the 
National Academy of Sciences of Ukraine, which ensures their use in the interests of monitoring the 
studied hydrophysical processes. 
The obtained results of these expeditionary researches were used in the formation of new routes of 
visiting the Chornobyl Radiation and Ecological Biosphere Reserve, in particular using waterways of 
the Pripyat River, with the arrangement of appropriate checkpoints and visit-parking lots. 
The results of comprehensive research can also be used to: 
- forecast the ecological condition of the Pripyat River; 
- study changes in the bottom relief of the river; 
- correct river maps and manuals for navigation (taking into account the actual hydrographic, 
hydroacoustic and hydrological condition of anomalous areas of the investigated waters); 
- develop the recommendations on safe navigation and planning of dredging works and new water routes 
of the Chornobyl Reserve in accordance with the Decree of the President of Ukraine "On some issues 
of development of territories affected by radioactive contamination as a result of the Chornobyl disaster" 
(Shchyptsov, 2019). 
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