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Preface

One of the main components of energy security, along with the energy supply of
the economy and the population with necessary for development of fuel and energy
resources and energy independence, is the environmental acceptability of energy
production and energy consumption. Today, this problem has become global in nature
and is in the list of the main threats of sustainable development.

Inrecent years, the scale of environmental hazards has been growing, emergencies
occur more often at special facilities, in particular nuclear power, the largest of which
was the accident at the Chernobyl nuclear power plant in Ukraine on 26 April 1986.

With the advent of nuclear power, it was believed that nuclear power reactors
were safe enough; control and monitoring systems, protective screens and trained
personnel would guarantee their trouble-free operation. There is also a trend now
that nuclear power is “environmentally friendly” because it provides a reduction in
greenhouse gas emissions with replacing power plants working on fossil fuels. Some
countries, such as the USA, have recently classified nuclear energy as a renewable
energy source.

Despite this, nuclear power is potentially dangerous due to:

— possible accidents at power plants, accompanied by the ejection of radioactive
materials into the environment;

— ejections of about 250 radioactive isotopes into the environment as a result of the
operation of nuclear reactors;

— emissions of ¥Kr, which changes the electrical conductivity of the atmosphere.
This gas behaves like a greenhouse gas in the atmosphere, thereby contributing
to anthropogenic climate change on Earth;

— pollution of the biosphere with plutonium;

— radioactive waste is the most important cause of environmental hazard, which
remains unresolved. Civilian nuclear power reactors operating throughout the
world annually generate large amounts of low-, medium- and high-level radioac-
tive waste.



vi Preface

Radioactive pollution accompanies all parts of the complex production of nuclear
energy: the extraction and processing of uranium, the operation of nuclear power
plants, the storage and regeneration of fuel, which has a significant impact on the
environmental friendliness of nuclear energy.

In addition, up to 300 natural and technogenic emergencies are registered annu-
ally, as a result of which people die and great economic damage is caused. The
main reasons for the occurrence of technogenic accidents and catastrophes and the
strengthening of the negative impact due to the occurrence of natural and technogenic
emergencies in Ukraine are: obsolete fixed assets, in particular for environmental
purposes; large volume of transportation, storage and use of hazardous substances;
the emergency state of a significant part of public utility networks; insufficient invest-
ment support for the process of introducing the latest resource-saving and environ-
mentally friendly technologies in environmentally hazardous industries, primarily in
the metallurgical, chemical, petrochemical and energy sectors; environmental prob-
lems associated with significant changes in the state of the geological and hydroge-
ological environment and caused by the closure of unprofitable mining enterprises
and mines; unwillingness of economic subjects to take measures to prevent accidents
and catastrophes at high-risk and potentially hazardous facilities.

All this has led to the formation in Ukraine of a significant pool of scientists
and specialists involved in the solution of environmental safety, in particular nuclear
safety. Today there is a great need for the accumulation and systematization of this
knowledge.

This book consists of two volumes, and this volume consists of two parts: Nuclear
Power Engineering and Environmental Safety.

Scientists from 23 leading scientific and educational institutions of Ukraine took
part in the creation of the book: State Institution “The Institute of Environmental
Geochemistry of National Academy of Sciences of Ukraine” (Kyiv), Pukhov Insti-
tute for Modelling in Energy Engineering of NAS of Ukraine (Kyiv), Institute for
safety problems of nuclear power plants of NAS of Ukraine (Chornobyl), Institute
of General Energy of NAS of Ukraine (Kyiv), National Science Centre “Kharkiv
Institute of Physics and Technology” (Kharkiv), Institute of telecommunications
and Global Information Space of NAS of Ukraine (Kyiv), Subbotin Institute of
Geophysics of NAS of Ukraine (Kyiv), Institute of Water Problems and Tand
Reclamation of NAAS of Ukraine (Kyiv), Taras Shevchenko National University
of Kyiv (Kyiv), National Aviation University (Kyiv), State University “Zhytomyr
Polytechnic” (Zhytomyr), Ivano-Frankivsk National Technical University of Oil and
Gas (Ivano-Frankivsk), National University of Life and Environmental Sciences of
Ukraine (Kyiv), National University of Food Technologies (Kyiv), Kyiv National
University of Technologies and Design (Kyiv), O. M. Beketov National University
of Urban Economy in Kharkiv (Kharkiv), National Defence University of Ukraine
named after Ivan Cherniakhovskyi (Kyiv), National University of Civil Defence of
Ukraine (Kharkiv), State Ecology Academy of Postgraduate Education and Manage-
ment (Kyiv), National Pedagogical Dragomanov University (Kyiv), Interregional



Preface vii

Academy of Personnel Management (Kyiv), Center for Research on Public Admin-
istration Problems (Kyiv) and Administration of the State Border guard service of
Ukraine (Kyiv).

A major role in the preparation and creation of this volume of the book was played
by employees of State Institution “The Institute of Environmental Geochemistry of
National Academy of Sciences of Ukraine”, especially by Leading Research Officer,
Doctor of Technical Sciences, Senior Researcher Iatsyshyn Andrii Vasylovych, and
by Leading Research Officer, Doctor of Science in Public Administration, Senior
Researcher Kovach Valeriia Omelianivna.

This book is for scientists, researchers, engineers, as well as lecturers and post-
graduates of higher education institutions dealing with energy sector, power systems,
nuclear safety, ecological safety, etc.

Kyiv, Ukraine Artur Zaporozhets
March 2022 Oleksandr Popov



Contents

Nuclear Power Engineering

Current State and Prospects of Smallmodule Reactors Application

in Different Countries of the World ...............................

Oleksandr Popov, Georgii Finin, Taras Ivaschenko, Anna latsyshyn,
and Natalia Hrushchynska

Modeling of Radiation Characteristics of Fuel-Containing

Materials of the Shelter Object for Calculation Dose Rate ...........

Oleksandr Popov, Serhii Kupriianchuk, Andriy Sizov,
Iryna Matvieieva, and Valeriia Kovach

Features of the Modern UAV-Based Complexes Use to Solve

Radiation Control Problems . ........... ... .. .. ...

Oleksandr Popov, Oleksandr Bondar, Taras Ivaschenko,
Oleksandr Puhach, Andrii Tatsyshyn, and Sergii Skurativskyi

Features of Management of the Emergency Situation of Terrorist

Nature on the Protected Critical Infrastructure of Ukraine ..........

Hennadii Kamyshentsev and Nataliia Ridei

Analysis of Existing Types and Protection Methods Against

Neutron Radiation from Different Sources ..........................

Valeriia Kovach, Anna latsyshyn, Ievhen Pylypchuk,
Volodymyr Gurkovskyi, and Yevhen Romanenko

Neutron Incident at the Chornobyl NPP Shelter Object: Study

of the Causes and Impacts of Safety in the New Confinement .........

Roman Godun, Kostiantyn Sushchenko, Serhii Kupriianchuk,
Andrii Tatsyshyn, and Anastasiia Lahoiko

ix



General Characteristics of Radar Stations for Physical Protection

OENICICAR OBIERIR] oo 1 nrassie presie pri D nr AR R A

Mykhailo Diviziniuk, Oleksandr Popov, Vasyl Telelym,
Valeriia Kovach, and Volodymyr Artemchuk

Identification Process Features During Radar Observation Around

N L T ) I € L S e o e e B e e T

Mykhailo Diviziniuk, Volodymyr Mirnenko, Oleksandr Farrakhov,
Oleg Shevchenko, and Dmytro Lesechko

Analysis of Radiation Background and Its Changes as Tool

to Prevent Terrorist Emergencies at Critical Infrastructure Objects .. ..

Mykhailo Diviziniuk, Oleksandr Farrakhov, Kostiantyn Lysychenko,
Nataliia Zobenko, and Oleh Bas

Development of Magnetic Neutron-Shielding Materials: Chemical
Grafting of the Boron-Containing Clusters onto the Surface

of Fe;0,4/Gd, 03 Nanocomposite Particles .........................

Ievhen Pylypchuk, Valeriia Kovach, Anna Iatsyshyn, Andrii Tatsyshyn,
and Volodymyr Kutsenko

Remote Gamma Ray Mapping of Ground Surface: Mathematical

ISSTES & somns v omn posus e SoGaE, PAGITR, PRGN, & USET Il AT A S Bl FGE T 8 TG

Yuriy Zabulonov, Oleksandr Popov, Sergii Skurativskyi,
Inna Hromova, and Artur Zaporozhets

Test of the Thermal-Hydro-mechanical Behaviors of Cherkasy

Bentonite as Buffer Material of HLW Repository ..................

Borys Zlobenko, Yuriy Fedorenko, Yuriy Olkhovyk, Sergiy Buhera,
and Alla Rozko

Environmental Safety

Assessment of the Greenhouse Gases Reduction by the Oil and Gas

Sector of Ukraine to Meet International Climate Agreements .......

Iryna Leshchenko, Sergii Shulzhenko, Mykola Kaplin,
Natalia Maistrenko, and Evgen Shcherbyna

Implementation of Sequence-Stratigraphy Based Geological

SAESHNTIIKTATIVG 5. s 5. b T bt b N R o SRS N e T

Oleksii Noskov, Mykyta Myrontsov, Oleksiy Karpenko,
Stanislav Dovgyi, and Yevheniia Anpilova

Information Technologies of Logging (Environmental Aspect) ......

Mykyta Myrontsov, Oleksiy Karpenko, Oleksii Noskov,
Stanislav Dovgyi, and Yevheniia Anpilova

Contents

141



Contents xi

Impact of Modern Anthropogenic Factors on the Hydrological

SystemGLtHE DUADAY ;o ocoore s rumre snmse oo s ire s e P e F s 235
Yevheniia Anpilova, Stanislav Dovgyi, Yevhenii Yakovliev,

Oleksandr Hordiienko, Mykyta Myrontsov, and Oleksiy Karpenko

Predictive Assessment of the Distribution Area and Duration

of Demineralization of Residual Solutions After Mining

of the Safonivske Uranium Deposit .................................. 249
Valentyn Verkhovtsev, Yuri Tyshchenko, Kateryna Sushchuk,

Mykola Semeniuk, and Oleksandra Buglak

Software and Modeling Tools for Assessment of Environmental
Consequences of Open Flowingof Oil Wells .......................... 261
Oleksandr Popov, Teodoziia Yatsyshyn, Mykhailo Liakh,

Roman Fursa, Andrii Iatsyshyn, and Valeriia Kovach

Destruction of Trihalomethanes and Disinfection of Drinking

Water by Electric Discharge Plasma ................................. 281
Yuriy Zabulonov, Dmytro Charnyi, Irena Snikhovska,

Oleksandr Puhach, Eugene Matseliuk, and Andrii Marynin

Prevention and Control of Harmful Effects of Water in Ukraine:

State of Legal SUPPOrt ..:viccinisosninisnsnisnsnisnsnsiniassnssssns 295
Volodymyr Yermolenko, Olena Hafurova, Maryna Deineha,

and Tamara Novak

On the Issue of Radioecological Conditions of Surface Waters
and River Sediments in Ukraine .................................... 315
Grygoriy Kovalenko, Tamara Dudar, and Andrian Tavniuk

Approaches to Assessing Consequences of Accidents During

Transportation of Hazardous Substancesby Road .................... 327
Oleksandr Popov, Andrii Iatsyshyn, Volodymyr Pecheny,

Valeriia Kovach, and Valentyna Kovalenko

Application of Renewable Energy Sources in the Design
of Energy-Efficient Ecological Settlements (on the Kharkiv Region) .... 343
Yana Selikhova



Nuclear Power Engineering



On the Issue of Radioecological M)
Conditions of Surface Waters and River Grsi
Sediments in Ukraine

Grygoriy Kovalenko (2, Tamara Dudar (2, and Andrian lavniuk

Abstract The development and testing of nuclear weapons, nuclear power projects
and associated research and technology developments, and also the Chornobyl acci-
dent caused an increase in background radiation levels in some parts of Ukraine. The
comprehensive survey of ecological status of the Dnipro River and its tributaries was
carried out as part of the Ukrainian—Canadian Field Survey and international environ-
mental surveys catried out in the transboundary sections of the Dnipro Basin. During
these surveys, significant focus was placed upon assessing the radioecological status
of Dnipro and its tributaries and on the Southern Bug River and its tributaries. The
given chapter is devoted to a long-term research on radioecological conditions of
surface water bodies and river sediments in terms of radionuclides content and their
depth distribution. The volumetric activities of radionuclides in water and specific
activities in bottom sediments were studied. Radionuclides of *H, K, 37Cs, “°Sr,
uranium, thorium, and their decay products were mainly examined. It is shown that
the content of natural radionuclides of the uranium and thorium series and “°K in
bottom sediments is at the level of background concentrations in the soils of the
regions. On the other hand, it is highlighted on the concentration of tritium in the
Danube and Styr rivers, which is significantly higher than the background value. The
concentration of tritium in the cooling ponds of nuclear power plants exceeds the
background value by dozens of times.

Keywords Radioecological conditions + Hydrographic network - Surface water -
River sediments - Man-made and natural radionuclides
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