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ABSTRACT

Book 1 of this Report contains 173 pages, 16 figures, 44 tables and 7 attachments.

The object of consideration is the operating enterprise Separate Subdivision “Rivne NPP”
(SS “Rivne NPP”) of the State Enetrprise “National Nuclear Energy Generating Company
“Energoatom” (SE “NNEGC “Energoatom’) which includes operating power units, facilities and
structures, integrated into technological complex located at SS Rivne NPP site, as well as other
facilities within the power complex, which have impact on the environment in the vicinity of the
plant (sanitary protection zone and observation zone).

The purpose of SS Rivne NPP environmental impact assessment is the assessment of the
environmental impact during SS Rivne NPP power units operation upon the results of
implementation of environmental actions, long-term environment monitoring, and comparison of
environmental state around NPP before and during power units operation (taking into account
available information regarding SS Rivne NPP power unit 4 impact on the environment), and
prediction of the expected impact levels during further operation of Rivne NPP units.

Book 1 considers the basis for SS Rivne NPP environmental impact assessment, sources
and types of environmental impact of the plant activity, the list of ecological, sanitary and
epidemiological, city-planning and fire protection constraints, information on the attitude of the
public and other stakeholders to the planned activity; provides characteristic of physical and
geographical features of SS Rivne NPP location area, distribution of all negative factors in the
areas of impact of planned activity. The result of this report is the environmental justification of
the acceptability of SS Rivne NPP operating facilities economic activity and identification of
environmental safety conditions under further activity.

Key words: SS “Rivne NPP”, SS RNPP, EIA, ENVIRONMENT, PUBLIC, SAFETY
REVIEW, SOURCES OF IMPACT, PHYSICAL AND GEOGRAPHICAL FEATURES,
IMPACT AREA, NATURAL IMPACT FACTORS, MANMADE IMPACT FACTORS.

Conditions of the report distribution: according to the contract.
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Company “Energoatom”
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TOR Terms of Reference
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GENERAL PROVISIONS

The service: “SS Rivne NPP Environmental Impact Assessment” has been rendered in
accordance with the contract No. 347, dated March 27, 2018, concluded between the State
Enterprise “National Nuclear Energy Generating Company “Energoatom” (SE “NNEGC
“Energoatom”), its Separate Subdivision “Rivne Nuclear Power Plant” and NT-Engineering LLC.

The work has been performed for environmental impact assessment the of SS Rivne NPP
activity, which it carries out as an operating nuclear power plant within the framework of RNPP
power units 1 and 2 reassessment, upon the results of implementation of environmental actions,
long-term environmental monitoring, and comparison of environmental state around NPP before
and during power units operation (taking into account available information regarding the
environmental impact assessment of SS Rivne NPP power units 3 and 4), and prediction of the
expected impact levels during further operation of the mentioned power units.

Information data used when providing the service include baseline materials, monitoring
results, power unit operating experience, implemented and planned environmental actions etc.,
based on which the calculation and research of SS Rivne NPP impact on the environment and
public including that in a transboundary context has been carried out. This document is elaborated
after the collected information has been analyzed, systematized and unified.

The basis for providing the service is the Energy strategy of Ukraine for the period to
2030 [1], approved by the Order of the Cabinet of Ministers of Ukraine No. 1071-r, dated July 24,
2013, which defines the operation of Ukrainian nuclear power plant units, Strategic plan of the
State Enterprise “National Nuclear Energy Generating Company “Energoatom” development for
2017-2021 [2], the Decision VI/2 of the 6" meeting of the Parties to the Convention on the
Environmental Impact Assessment in a Transboundary Context (Espoo Convention) [3], Minutes
of the meeting of the Interdepartmental Coordination Board regarding issues on the
implementation of Environmental Impact Assessment in a Transboundary Context in Ukraine
(Espoo Convention), dated December 15, 2016 [4], Letter of SE “NNEGC “Energoatom” No.
3313/18, dated March 07, 2017 [5], Letter of SE “NNEGC “Energoatom” No. 13391/18, dated
September 28, 2017 [6], and the Law of Ukraine “On the Environmental Impact Assessment” [7],
Directive 2001/42/EC of the European Government and Council, dated June 27, 2001 “On the
Environmental Impact Assessment of Certain Plans and Programs” [8], and requirements in
accordance with the Resolution of the Cabinet of Ministers of Ukraine “On the Approval of the
Public Hearing Procedure in the process of the Environmental Impact Assessment”, dated
December 13,2017, No. 989 [9], Resolution of the Cabinet of Ministers of Ukraine “On Approval
of the Procedure of Documentation Transmittal to provide the conclusion on the Environmental
Impact Assessment and the Procedure for Maintaining the Unified Register of Environmental
Impact Assessment” No. 1026, dated December 13, 2017 [10].

Facility, which activity has been assessed in terms of impact on the environment, includes
operating power units, facilities and structures integrated into technological complex located at SS
Rivne NPP site, as well as other facilities within the power complex in the vicinity of NPP (sanitary
protection zone and observation zone).

In compliance with the Law of Ukraine No. 2861-1V, dated September 08, 2005 “On the
Procedure of Decision Making on Siting, Design, Construction of Nuclear Installations and
Facilities for Radioactive Waste Management that are of National Importance” [11], the decision
regarding the operation of NPP power units is taken by the State Nuclear and Radiation Safety
Authority based on the conclusion of the State Nuclear and Radiation Safety Expert Review.

To provide reliable protection of the personnel, public and environment from the effect of
1onizing radiation and maximum possible reduction of the impact of anthropogenic factors on the
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environment a number of general measures have been established by SS Rivne NPP of SE
“NNEGC “Energoatom”:

— fulfilling the requirements of the Environmental legislation of Ukraine, international
agreements of Ukraine, standards and regulations in the area of the use of nuclear energy,
environmental management and environmental protection;

— planning of work in the area of environmental protection and monitoring of observance
of environmental impact standards;

— environmental support of NPP power units operation;

— development and implementation of environmental protection management system;

— compliance with the technological parameters of SS Rivne NPP operation;

— consideration of quantitative and qualitative indicators of releases to atmoaphere,
discharges to water, waste management for the rational use of natural resources;

— implementation of environmental policy by way of organization of environmental
training of the personnel, enhancement of environmental training level;

— constructive interaction with supervisory authorities, public organizations on
environmental safety issues.

In the course of NPP economic activity SE “NNEGC “Energoatom” prepares annual
reports on radiation safety, non-radiation factors of environmental impact, implementation of
environmental actions etc.

Radiation safety issues are monitored in compliance with corresponding instructions and
specifications developed and approved for each structural department of SE “NNEGC
“Energoatom” in accordance with current legislation in this area.

Emergency response issues are defined by the Emergency plans developed and put into
effect in compliance with par 10.13.1 of HII 306.2.141-2008 “General Provisions for Safety of
Nuclear Power Plants” [12] for each plant, including Rivne NPP.

In order to determine the environmental substantiation and effectiveness of SS Rivne NPP
power units operation, the compliance of the operation with the requirements of environmental
protection legislation, in 2015 the environmental audit has been carried out, that meets the
requirements of the Law of Ukraine “On the Environmental Audit” No. 1862-1V, dated June 24,
2004 [13].

In addition to this, the Reports on Safety Review are periodically developed (in compliance
with the regulatory requirements).

Power unit Periodic Safety Review Reports (PSRR) contain the analysis of 14 Safety
Factors (SF):

— SF-1 “Power unit design”;

— SF -2 “Current state of power unit systems, structures and components”;

— SF -3 “Equipment qualification”;

— SF -4 “Structures, systems and components ageing”;

— SF -5 “Deterministic safety analysis”;

— SF -6 “Probabilistic safety analysis”;

— SF -7 “Analysis of internal and external impacts”;

— SF -8 “Operational safety”;

— SF -9 “Use of other NPP experience and scientific research results”;

— SF -10 «Organization and managementy;

— SF -11 “Operating documentation”;

— SF -12 “Human factor”;

— SF -13 “Emergency preparedness and planning”;

— SF -14 “Impact of NPP operation on the environment”.
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The mandatory element of all Ukrainian NPPs operation is the “Complex (Consolidated)
Safety Upgrade Program for Power Units of Nuclear Power Plants” (CCSUP) [14], approved by
the Resolution of the Cabinet of Ministers of Ukraine No. 1270, dated December 07, 2011.

EIA has been carried out in compliance with the “Recommendations on the Content of
Materials for Environmental Impact Assessment of operating Facilities  [15] and JIBH A.2.2-1-
2003 “The Structure and Content of Materials on the Environmental Impact Assessment (EIA)
During the Design and Construction of Enterprises, Buildings and Structures” [16] with
consideration of the requirements of legal, regulatory and methodological documents.

Within the Environmental Impact Assessment of SS Rivne NPP the following have been
provided:

- The description of planned activity, place of its implementation, goals,
characteristics and implementation, description of main characteristics of planned activity, type
and amount of materials and natural resources to be used.

- The assessment by releases and amount of expected wastes and releases.

- The description of justified alternatives of the planned activity, main reasons for
choosing the proposed option taking into consideration the environmental consequences.

- The description of the current state of the environment (baseline scenario) and
description of its probable change without carrying out the planned activity within the limits of
how natural changes from the baseline scenario can be assessed based on the available
environmental information and scientific knowledge.

- The description of the environmental factors that are presumably influenced by the
planned activity and its alternative options, including public health, the state of flora, fauna,
biodiversity, land, soils, water, air, climatic factors (including climatic changes and greenhouse
gas releases), material objects, including architectural, archeological and cultural heritage,
landscape, social and economic conditions and the interrelations between these factors.

- The description and assessment of possible environmental impact of the planned
activity, particularly the size and scale of such impact (size of area and population that may be
affected), character (transboundary, if any), intensity and complexity, probability, anticipated
beginning, duration, frequency and inevitability of the impact (including direct and any indirect,
side, cumulative, transboundary, short-term, medium-term and long-term, permanent and
temporary, positive and negative impact).

- Preparatory and construction works and the planned activity has been implemented,
including (if necessary) dismantling work after completion of such activity.

- Usage of natural resources, specifically lands, soils, water and biodiversity during
the implementation of the planned activity.

- Releases and discharges of pollutants, noise, vibration, light, heat and radiation
pollution, emissions and other influencing factors, as well as waste management operations.

- Risks for people health, objects of environmental cultural heritage, including due
to the possibility of emergency situations.

- Cumulative impact of other existing facilities , planned activity, with consideration
of all existing environmental problems related to the territories having specific environmental
significance, which can be affected or which can be used in terms of natural resources.

- Influence of the planned activity on climate, including character and scales of
greenhouse gas releases, and activity sensitivity to climate change.

- Used substances and technology.
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- The description of prediction methods used for Environmental Impact Assessment
and assumptions that laid the groundwork for such prediction, as well as used data on the state of
the environment.

- The description of envisaged measures aimed at prevention, avoiding, reduction,
elimination of the significant negative impact on the environment, including (if possible)
compensatory measures.

- The description of expected significant negative impact of the activity on the
environment caused by the design vulnerability to the risks of emergency situations, measures to
prevent or mitigate the emergency situation impact on the environment and emergency situation
response measures.

- Identification of all difficulties (technical deficiencies, absence of sufficient
technical means or knowledge), revealed in the process of Environmental Impact Assessment.

- Comments and proposals submitted to authorized regional governmental body,
authorized central body after the disclosure of the planned activity information to the the public.
A table with the information about complete consideration, partial consideration or justification of
comments and proposals rejection received during the public hearings.

- The content of the environmental impact monitoring and control programs during
the implementation of planned activity, as well as (if necessary) plans after the design monitoring.

- Non-technical information summary designed for wide audience.

- List of references indicating the sources used for descriptions and evaluations
contained in the Environmental Impact Assessment Report.

“SS Rivne NPP Environmental Impact Assessment” is presented in 7 books.

This book provides information on the documents which are the basis for EIA
development, the characteristic of sources and types of potential environmental impact, list of
activity constraints, physical and geographical features of the region, characteristic of negative
natural and man-made impacts on SS Rivne NPP activity.
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1. BASIS FOR EIA

1.1 Information about documents which are the basis for EIA development

SS Rivne NPP is a separate subdivision (structural unit) of the State Enterprise “National
Nuclear Energy Generating Company “Energoatom” (SE “NNEGC “Energoatom”). SE “NNEGC
“Energoatom” operates according to its Statute and reports to the Ministry of Energy and Coal
Industry of Ukraine, which forms the state policy in the industry. In compliance with the Law of
Ukraine “On the Use of Nuclear Energy and Radiation Safety”, by the Resolution of the Cabinet
of Ministers of Ukraine No. 1268, dated October 17, 1996 “On the establishment of National
Nuclear Energy Generating Company “Energoatom”, NNEGC “Energoatom” was assigned the
function of the operating organization responsible for safety of all NPP in Ukraine.

Rivne NPP is located in the Western Polissia, to the north of Rivne region, near the river
Styr. In 1971 the design of West-Ukrainian NPP began, which was later renamed as Rivne NPP.
The power plant is designed to cover electric loads in the western part of the country.

Rivne NPP is the first NPP in Ukraine with water-cooled water-moderated power reactors
of VVER-440 type. The construction of the plant began in 1973. Two first power units with
VVER-440/213 were commissioned in 1980-1981, the third power unit with VVER-1000/320 was
commissioned in 1986.

The construction of the fourth power unit of Rivne NPP began in 1984, and it was planned
to be commissioned in 1991. But due to the introduction of moratorium of Verkhovna Rada on the
construction of nuclear facilities in Ukraine, the construction works completed to 85% were
suspended.

The construction was restarted in 1993. After the moratorium was lifted the examination
of power unit 4 was carried out, the program for its modernization and project completion file were
prepared. On October 16, 2004 power unit 4 of RNPP was commissioned.

In recent years RNPP generates about 11-12 billion kW of electricity which is 16% of
production at nuclear power plants.

The basis for the implementation of “SS Rivne NPP Environmental Impact Assessment”
is:

- The energy strategy of Ukraine for the period to 2030 approved by the Resolution of the
Cabinet of Ministers of Ukraine No. 1071-r, dated July 24, 2013.

- Strategic plan for State Enterprise ‘“National Nuclear Energy Generating Company
“Energoatom” development for 2017-2021.

- Convention on the Environmental Impact Assessment in a Transboundary Context ratified
by the Law of Ukraine No. 534 — XIV, dated March 19, 1999.

- Minutes of the meeting of the Interdepartmental Coordination Board regarding issues on
the implementation of Environmental Impact Assessment in a Transboundary Context (Espoo
Convention), dated December 15, 2016.

- The Law of Ukraine “On the Environmental Impact Assessment” (Verkhovna Rada
bulletin, 2017, No. 29, page 315).

- Directive 2001/42/EC of the European Government and Council, dated June 27, 2001 “On
the Environmental Impact of Certain Plans and Programs” (EU Official Gazette, L 197, July 21,
2001).

- The Contract No. 347, dated March 27, 2018, “On the Implementation of SS Rivne NPP
Environmental Impact Assessment”, concluded between SE “NNEGC “Energoatom”, its Separate
Subdivision “Rivne NPP” and NT-Engineering LLC.
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- Technical requirements to the service: “Implementation of SS Rivne NPP Environmental
Impact Assessment”. 083-01-TB-COHC, approved by Chief Engineer — First Deputy Director
General of SS “Rivne NPP”, dated February 06, 2018 (Appendix A).

- The Law of Ukraine “On the Environmental Impact Assessment” (Verkhovna Rada
bulletin, 2017, No. 29, page 315).

- The Law of Ukraine “On the Environmental Protection” No. 1264-XII, dated July 25,
1991 [17].

- The Law of Ukraine Law of Ukraine “On Protection of Human from the Influence of
Ionizing Radiation” No. 22-BP, dated September 09, 1998 [18].

- The Law of Ukraine “On the Permitting Activities in the Area of Nuclear Energy Use”
No. 1370-X1V, dated January 11, 2000.

- The Law of Ukraine “On the use of Nuclear Energy and Radiation Safety” No. 39/95- BP,
dated February 08,1995 [19].

- The Law of Ukraine “On the Main Principles (Strategy) of the State Environmental Policy
of Ukraine for the period to 2020 No. 2818-V1, dated December 21, 2010 [20];

- The Law of Ukraine “On the Objects of Increased Hazard” No. 2245-111, dated January 18,
2001 [21].

- ACTY ISO 14001:2006 Environmental Management Systems. Requirements and
Regulatory Principles [22].

EIA is developed in accordance with the “Recommendations on the Content of Materials
for Environment Impact Assessment of Operating Facilities” [15], IBH A.2.2-1-2003 “The
structure and content of materials on the Environmental Impact Assessment during the design and
construction of enterprises, buildings and structures” [16] and a Manual for the Development of
Environmental Impact Assessment Materials (to IBH A.2.2-1-2003) [23] with consideration of
the requirements established in legal, regulatory, methodological and reference materials on the
issues related to environmental, radiation and nuclear safety and environmental protection given
in the Sections “The list of References”.

1.2 The list of sources of operating enterprise impact on the environment

The main activity of SS “Rivne NPP”, which produces electricity for the needs of
consumers of national economy of Ukraine, is the electricity and heat generation. The enterprise
includes such departments and production sections which have sources of releases into the
atmosphere:

- Hydraulic engineering department;

- Power equipment repairing subdivision;

- Turbine department;

- Chemical department;

- Heat ventilation and air conditioning department;

- Repair and construction department.

Departments and sections are organized to ensure normal and uninterruptable operation of
power units.

Rivne NPP was designed as NPP with 6 power units with total capacity of 4880 MW. At
the moment SS Rivne NPP operates 4 power units which produce approximately over 18,0 billion
kW of electricity per year and which capacity is increasing.
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During its operation SS Rivne NPP releases the most common contaminants such as carbon
monoxide, suspended solids, dioxide and other sulfur compounds, nitrogen compounds, metals
and their compounds, non-methane volatile organic compounds, fluorine and its compounds,
chlorine and its compounds, freons, emulsol. The potential amount of contaminants released into
the atmosphere by SS Rivne NPP is 86,2 t a year.

SS Rivne NPP power units operate water-cooled water-moderated power reactors (VVER)
of two types: VVER-440 and VVER-1000. Power units with VVER reactors have two circuits
which are not connected to each other. NPP operation is based on the controlled chain reaction of
235U nuclei fission, which is a part of nuclear fuel.

The primary circuit includes:

- Reactor,

- Steam generator,

- Main coolant pumps,

- Pressurizer,

- Main isolation valves.

All the primary equipment is installed in sealed compartments. The coolant and the
neutron moderator is chemically demineralized water.

The coolant, used to remove the heat produced during uranium nuclei fission in operating
reactor, is pumped through the core by main coolant pumps and transfers the heat to the secondary
circuit water in the steam generators.

The reactor core is comprised of hexagonal fuel assemblies (FA) assembled from fuel rods.

A fuel rod is a rod made of zirconium alloy, filled with uranium dioxide fuel pellets (UO»).
The primary circuit water is heated up to 300°C, but it does not boil since the pressure, maintained
by the pressurizers, is 12MPa for VVER-440 and 16MPa for VVER-1000.

The secondary circuit is non-radioactive, it comprises:

- Steam generators,

- Steam lines,

- Steam turbines,

- Separator-reheaters,

- Feedwater pipelines with feedwater pumps, deaerators and regenerative heaters.

Saturated steam produced in the steam generators is fed to the turbine driven by the electric
generator.

Electricity produced by SS Rivne NPP is transmitted to the integrated power grid of
Ukraine through the outdoor switchgears of 110, 330 and 750 kVt electric transmission lines.

The discharge of low potential steam energy is provided through the water cooling system
operating in the inverse scheme. Cooling system comprises spray cooling ponds and cooling
towers, natural cooling water reservoir is not available at Rivne NPP. The water from the river
Styr is used to replenish the turbine condenser return cooling system.

The NPP operation inevitably goes with production of gaseous, solid and liquid products
containing complex chemical and radioactive substances that are released into the environment.

The list of main sources of potential environmental impact of SS Rivne NPP includes the
following:

— radiation impact sources;

— chemical impact sources;

— physical impact sources (including thermal impact).
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1.3 The list and brief characteristic of the types of SS Rivne NPP impacts on the
environment

The main types of possible impacts on the environment during power units operation and
impacts of facilities and structures included to the technological complex located at SS Rivne NPP
site, as well as other facilities within the power complex in the vicinity of the plant (sanitary
protection zone, observation zone) based on the production technology are as follows:

- radiation impact;
- chemical impact;
- physical impact.
SS Rivne NPP of SE “NNEGC “Energoatom” implements the following measures to
minimize environmental pollution:
- in accordance with the established procedure, the demercurization of spent fluorescent
lamps, lead from used batteries, oils and other raw materials is carried out;
- the permits for storing and use of toxic substances in NPP technological process are
maintained valid;
- annual receipt of limits and permits for formation and placement of non-radiation wastes,
for releases of contaminants into atmosphere from stationary sources;
- primary accounting of releases, water use and wastes is carried out, as well as monitoring
of the environmental impact of radiation and non-radiation factors.

1.3.1 Radiation impact

Radiation impact of the power complex is possible in connection with the release of
radioactive substances produced during the NPP production cycle into environment.
Main types of the possible radiation impact are caused by:

- radioactive gaseous releases into atmosphere;

- solid radioactive wastes (SRW);

- liquid radioactive wastes (LRW).

Radioactive gaseous releases are produced due to release of radioactive gases and aerosols
from liquid radioactive media. Radioactive gases are released into atmosphere under normal power
unit operation by special ventilation systems through vent stacks of reactor compartments and
auxiliary buildings.

Solid radioactive wastes produced during operation are collected, sorted, conditioned and
temporarily stored in the solid radioactive waste storage facilities. Solid radioactive wastes are
collected in the place of their formation, sorted according to the activity categories and
technological properties.

By the relative activity level solid radioactive wastes are divided into three categories:

I - low-level;

II — medium-level,

I — high-level.

There is a general solid radioactive storage facility for power units 3 and 4 of SS “Rivne
NPP”, wastes from power units 1 and 2 are stored separately. Solid radioactive wastes are mainly
generated in the form of:
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- contaminated dismantled equipment;

- dismantled pipelines and valves;

- contaminated tools and devices;

- spent filters and filtering materials of special ventilation system,;

- dismantled fragments of thermal insulation materials;

- immobilized liquid radioactive wastes;

- materials used for wiping;

- used overalls and additional personal protective equipment not subject to

decontamination.

LRW are mainly produced in the process of water purification systems operation and
contamination of oil pump systems of reactor compartment.

LRW includes:

- non-controlled primary circuit leaks;

- radiation contaminated oil;

- water used for decontamination;

- laundry and hot shower drain water;

- water from hydraulic filters;

- evaporator sludge of evaporation plants;

- spent filtering materials of water purification system filters;

- sludge.

Minimization of radioactive releases and discharges and their impact on the environment
and the public is provided by the following main engineering solutions:

- decontamination of air which is removed and which contains radioactive isotopes using
aerosol and iodine filters;

- decontamination of process vent on filters-absorbers, where gas is held up in order to
reduce relative activity (radioactive decay of the major part of inert noble gases isotopes (xenon
(Xe), Krypton (Kr);

- air releases from the premises of reactor compartment controlled access area and auxiliary
building through vent stacks of 150 m high, that provides necessary dispersion of radioactive
substances in atmosphere;

- establishment of barriers to prevent propagation of radioactive substances by way of the
reactor compartment containment, lining of the premises with LWR sources by corrosion resistant
steel;

- implementation of closed process and component cooling systems to prevent discharges of
liquid substances containing radioactivity;

- implementation of special system for SRW collecting, as well as SRW and LRW storage;

- prevention of non-controlled releases and discharges;

- arrangement of NPP sanitary protection zone (CA);

- organization of continuous technological dosimetry monitoring of discharges and releases,
air, soil, vegetation, water contamination monitoring in the CA and observation zone (OZ).

1.3.2 Chemical impact

Chemical impact on the elements of the environment can be made by chemical elements
and substances that are part of releases and discharges. The permissible amount of harmful
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components contained in releases and discharges to the environment is regulated by the sanitary
norms and rules depending on the degree of their impact.

During SS Rivne NPP operation the non-radioactive solid wastes are produced which can
cause chemical pollution of the environment.

Waste management at SS Rivne NPP is carried out in compliance with the requirements
of laws and sanitary and hygienic standards of Ukraine. Solid domestic wastes are transferred to
the public utility landfill of town of Varash. In the fourth quarter of 2017, in compliance with the
“Provision on the Interrelations of SS “Warehouse” with SS NPP, SS “AtomKomplekt”, SS
“AtomProjectEngineering” and the Directorate for Organization of Internal Inspection of SE
“NNEGC “Energoatom” T1JI-1.0.45.551-13, the wastes of spent luminescent lamps, monitors,
batteries, spent and worn buses were transferred to the specialized enterprises for further disposal
through RV VP SG.

Spent oils and lubricants (motor, turbine, industrial, transformer), spent storage batteries,
broken glass, waste metal and paper (except for technical documentation, accounting and other
documents to be destructed) have been transferred to Rivne department of SS “Warehouse” as
raw-materials. Transfer of wastes as raw-materials is carried out based on the “Provision on the
Organization of Work with Raw-materials” I1J1-/1.0.45.541-15.

The major amount of wastes produced at SS Rivne NPP is located at MVV [48], namely:
at the moisture proof sludge collector and at the landfill of industrial and construction waste in
designated areas. Environmental monitoring near the sludge collector and landfill of industrial
and construction waste is carried out according to the approved schedule.

A number of wastes which can be categorized as “raw-materials” are temporarily stored
prior to being transferred to the specialized facilities.

The sources of non-radioactive impact are both main production facilities (main building,
auxiliary buildings) and auxiliary facilities and structures.

The sources of chemical impact on atmosphere under normal operation and emergency
situations are gas releases during process equipment operation through the ventilation systems and
smoke stacks.

It shall be noted that operation of the above mentioned installations is periodic and has
almost no impact on the environment.

The main harmful elements released into atmosphere, the amount of which does not
exceed the regulatory limits established for concentration and gross indicators, are: nitrogen
dioxide, sulfur dioxide, carbon monoxide, soot, dust, vapors of oil products.

Chemical and chemical and biological impact on the water environment is possible due
to discharges of industrial, purified domestic and rain drain water to the Styr river.

Chemical impact on soil and vegetation can take place due to precipitation of chemical
elements and compounds from atmosphere.

The amount of chemical (non-radioactive) releases of harmful substances from SS Rivne
NPP sources and their concentration in the atmosphere are currently limited by the following
documents:

- boundary gross release — “Project standards for maximum permissible releases from
stationary sources of Rivne nuclear power plant”.

- concentration of harmful substances in the atmosphere — “State Sanitary Rules for
Protection of Atmospheric Air of Populated Areas (from chemical and biological contamination)
JCII-201-97, approved by the Order of the Ministry of Health of Ukraine No. 201, dated July 09,
1997 and State Environmental Safety Administration in Rivne region, dated April 09, 1999.

Book 1 SS “Rivne NPP” Environmental Impact Assessment

Rev. 2 NT-Engineering




18

“The list of harmful substances released into atmosphere and those subject to
monitoring in the area of environmental protection” approved by the Resolution of the Cabinet of
Ministers of Ukraine No. 343, dated March 09, 1999.

Main chemical pollutants are carbon monoxide, nitrogen dioxide, hydrocarbons, sulfur
dioxide, substances in the form of suspended solids. In addition, ventilation emissions can contain
non-methane volatile organic compounds, gasoline, acids, hydrazine etc.

Waste water of SS Rivne NPP include:

— industrial effluents: service cooling water from auxiliary buildings equipment, unit
transformer oil coolers, conditioners of training center and administrative-household complex,
nitrogen-oxygen stations, automatic fire extinguishing system;

- clarifier blowdown water of water treatment facilities;

- mechanical filter wash water;

- regeneration and wash water of ion-exchange filters of chemical treatment, emergency
and unit demineralization plants;

- oil-containing waste water;

- drain water;

- domestic waste water.

Discharge of industrial, drain and domestic waste water from NPP into public water bodies
is not carried out.

1.3.3 Physical impact

Physical impact of SS Rivne NPP site on the environment is characterized by:

- thermal impact on the air environment associated with operation of NPP process
equipment cooling systems (spray cooling ponds and cooling towers);

- increased humidity due to the evaporation of water into the atmosphere from spray
cooling ponds and cooling towers;

- thermal impact on the water environment associated with the discharge of
blowdown water from the main cooling system with the temperature: winter - 25°C, spring—41 °C
into the Styr river;

- impact on the water environment (the Styr river) associated with the irretrievable
water consumption in the amount up to 2.0 m?¥/s;

- impact of the electric field of 330/750 kVt transmission lines;

- noise during equipment operation and traffic.

The complex of planning, technical, technological (process), organizational measures and
decisions regarding the limitation of negative impact is aimed at providing regulatory indicators
for environmental protection.

1.4 The list of constraints (sanitary and epidemiological, environmental, city-
planning and fire protection)

1.4.1 Exposure limitation for the personnel and the public

SS Rivne NPP operation is regulated by the environmental and sanitary and
epidemiological constraints stipulated by regulatory documents on the environmental safety.

The boundary values of the following main criteria are established at the plant:
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- Size of sanitary protection zone (CA);

- Internal and external exposure of the personnel and the public;

- Maximum boundary values of radioactive and non-radioactive substances releases and
discharges into environment;

- Level of open ionizing radiation sources impact;

- Ways of disposal and storage facilities of solid and liquid wastes shall comply with
regulatory requirements and approval documents.

Observation zone (OZ) is an area which can possibly be affected by NPP discharges and
releases and which is subject to radiological monitoring including measurement of radionuclides
content in the environmental objects, food etc.

Sanitary protection zone is an area around NPP where the level of the public exposure
can exceed the dose limit quota for category C. Within the sanitary protection zone it is prohibited
to live, the restrictions on production activity not related to NPP are established, and radiation
monitoring is carried out [12].

The size of SS Rivne NPP SPZis 2.5 km, and OZ area is 30 km (Appendixes A and B).
The size of SPZand OZ are officially introduced in accordance with SS Rivne NPP document,
namely the “Decision on the size and boundaries of sanitary protection zone and observation zone
of Rivne NPP” No. 132-1-P-11-11Pb [26].

The boundaries of SPZand OZ are established based on the following criteria:

- Internal and external exposure of the personnel and the public;

- Maximum permissible amount of releases and discharges of radioactive substances
into environment.

The boundaries of sanitary protection zones are established around each power unit. Figure
1.1 shows the boundaries of sanitary protection zones of power units 1, 2, 3, 4 and the boundary
of Rivne NPP sanitary protection zone.
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Figure 1.1. The boundary of SS”Rivne NPP”” SPZand the boundaries of SPZof power units
1,2, 3, and 4.

The main regulatory document JAI'H 6.6.6-6.5.001-98 (HPBY-97) [25] classifies the
following categories of exposed individuals:

- Category A — individuals from amongst the personnel who continuously or
temporarily work with ionizing radiation sources.

- Category B — individuals from amongst the personnel who are not directly engaged
in work with ionizing radiation sources but due to the location of workplaces in the premises and
sites of the facilities with radiation-nuclear technologies may receive additional exposure.

- Category C — all the public.

Numerical values of external exposure dose limits for a calendar year depending on the
group of organs or tissues, as well as total external and internal exposure in compliance with the
requirements specified in Il'H 6.6.6-6.5.001-98 (HPBY-97) [25] are given in Table 1.1.
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Organs or tissues Category of exposed individuals
A a)b) Ba) Ca)

Effective dose limit 20 ¢) 2 1

External exposure equivalent dose limits:

- DLlens (for eye lens) 150 15 15

- DLskin (for skin) 500 50 50

- DLextrem (for hands and feet) 500 50 -

! On average for any consecutive 5 years, but not more than 50 mSv for a single year

a) - the distribution of radiation dose during a calendar year is not regulated;

b) - for women of childbearing age (under 45 years of age), and for pregnant women, the
restrictions in paragraph 5.4;

c) - on average for any consecutive 5 years, but not more than 50 mSv for a particular year
(LDmax).

The list of radionuclides and the values of permissible release into atmosphere, as well as
limit values of radioactive substance discharge into the river are established by the documents
effective at SS “Rivne NPP”*:

- Permissible radioactive gas-aerosol release of Rivne NPP (radiation hygiene
regulation of Group 1) 132-2011-/IB-LIPb, agreed upon by the letter of the Ministry of Health of
Ukraine No. 7.03-58/56, dated February 23, 2012;

- Reference levels of gas-aerosol release and liquid discharge of SS Rivne NPP
(radiation hygiene regulation of Group 1) 132-2016-KP-1IPb, agreed upon by the letter of the
Ministry of Health of Ukraine No. 7.03-58/171-16/29017 dated November 09, 2016.

In accordance with the Main Sanitary Rules for Ensuring Radiation Safety of Ukraine
(OCITY-2005), in order to protect the personnel from external exposure during processes under
power operation and maintenance work, the design dose rates are established for all the premises
of NPP controlled access area, SPZand OZ. The dose rates are given in Table 1.2.

Table 2.1. Equivalent dose rate used under the design of protection from external ionizing
radiation.

Category of Exposure Dose
exposed Premises and zone designation duration, rate,
individuals man-year uSv/year
Premises of permanent personnel 1700 14
presence.
A Premises in which personnel is present 850 29
not more than half the working time.
Premises, offices and SPZwhere there are 2000 12
B individuals referred to Category B. '
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Category of Exposure Dose
exposed Premises and zone designation duration, rate,
individuals man-year uSv/year

Any premises and territories within OZ. 8800 0.3

Permissible annual external exposure limits for the personnel living near NPP are regulated
by the NPP sanitary rules [28]. Dose limits established by these rules for different sources and
different groups of critical organs are given in Table 1.3.

Table 1.3. Annual exposure levels for the public living near NPP.

Group of critical organs

Radiation impact sources I I I

Gas-aerosol releases 0.2 0.6 1.2

Radioactive substances with liquid discharges

(impact under all types of water use: fishing, 0.05 0.15 0.3
fishery, irrigation, drinking water supply etc.)
Heat supply 0.01 - -

NPP safety systems, which ensure protection of the public during accidents, including
design basis accidents with the most severe consequences, are designed so that the values of
equivalent individual doses calculated for the worst weather conditions at the border of SPZand
beyond it do not exceed 3 mSv/year to the thyroid gland for children due to inhalation intake and
1 mSv/year to the whole body due to external exposure [28].

According to the same document [28], daily average permissible releases of gas-aerosol
radionuclides are given in Table 1.4.

Table 1.4. Permissible daily release

Nuclides N=1000-6000 MW(el.)
Ci
day-1000 MW(el.)
Inert radioactive gas (any mixture) 500
I-131 (gas + aerosol phase) 0.01
Mixture of long-lived nuclides 0.015
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Monthly average permissible releases of radioactive aerosols are given in Table 1.5
(permissible release does not refer to the sum, but to each separate nuclide). If radionuclides which
are not specified in Table 1.5 are identified in NPP releases, and their value exceeds

5 mCi
month-GW (el)

, they should be monitored.

Table 1.5. Monthly average permissible release of radioactive aerosols

Radionuclide
Release

9OSr 89Sr 137CS 6OCO 54Mn SICI.

N=1000-6000 MW(el)

mCi 1.5 15 15 15 15 15
month-1000 MW(el.)

It is allowed to discharge radioactive waste water into the household sewage with the
concentration not exceeding PCy, (permissible concentration) for water more than 10 times,
provided their ten-fold dilution with non-radioactive waste water in the NPP collector. Reference
release level for SS Rivne NPP is 1.5x1071° Ci/dm’.

Numerical values of permissible releases and discharges, reference and administrative
and technological levels are given in Tables 1.6 and 1.7.

Table 1.6. Permissible, reference, administrative and technological release levels.

Radionuclide (group of radionuclides) Reference, GBq/day
Long-lived radionuclides 0.37
Inert radioactive gases 67 000

lodine radionuclides 5.5

SCr 620

>*Mn 3.0

Fe 9.9

3Co 9.4
Co 0.17

$9Sr 23
OSr 0.48

S7r 13

Nb 25
10m A o 0.49
134Cs 0.40
B7Cs 0.35

‘H 930
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Table 1.7. Permissible, reference, administrative and technological release levels.

Radionuclide (group of radionuclides) Reference, GBg/day
*H 2 400 000
SCr 53 000
>*Mn 490
SFe 290
BCo 450
%Co 52
%7n 270
89Sr 6 700
%0Sr 130
7r 200
9>Nb 2 600
106Ry 840
HomA o 2900
B 1200
B4Cs 57
37Cs 83
144Ce 310

In accordance with the requirements specified in JII'H 6.6.6-6.5.001-98 [25], in order to
maintain the achieved level of radiation safety the reference levels are established for radiation-
nuclear facility, the settlement and environment based on the information about the radiological
situation for certain premises of the facility, CA, OZ and other facilities to plan protective
measures and on-line radiological situation monitoring. The reference levels are established by the
administration of radiation-nuclear facility with mandatory endorsement with the State Regulatory
Authority.

In addition to the NPP current reference levels of gas-aerosol releases and radioactive
water discharges into environment, the operating organization, in order to identify the causes of
non-controlled increase of NPP release and discharge values, establishes administrative and
technological levels which are basically research levels. Exceeding of administrative and
technological levels is not categorized as a violation of codes and standards effective at NPP, and
does not require reporting to the State Regulatory Authority. Maintaining the administrative and
technological levels contributes to the optimization of technological processes, development of
organizational and technical measures aimed at reduction of levels of NPP gas-aerosol releases
and water discharges into the environment, as well as preventing the plant from achieving the
established reference levels of radioactive releases and discharges.

Regulation and control of the public exposure (Category C) is carried out based on the
calculations of annual effective and equivalent exposure doses of critical groups. The dose limit
quota of population exposure is set for the corresponding radiation-nuclear facilities. Based on the
dose limit quota the permissible releases and permissible discharges are established for each
facility. The dose limit quota for releases and discharges for NPP are given in Table 1.8.
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Table 1.8. Dose limit quotas used to establish permissible discharge and permissible
release.

. Releases: quota DLg for all | Discharges: quota DLg for Total quota DL for air

Radiation- . o and water ways of dose
ways of dose formation critical type of water use .

nuclear formation
facility % uSv % uSv % uSv
NPP,
NHPP, 4 40 1 10 8 80
NHP

The limits of radionuclides intake through inhalation (ID™"") (Intake Dose) and digestion
(ID"eY), as well as the limits of radionuclide concentration in the air (CD™™) (Concentration
Dose) and drinking water (CD™™**!) are established for the public (Category C). Numerical values
of the permissible levels in case of impact of single exposure type, single radionuclide and single
exposure type under corresponding reference exposure conditions are given in Table 1.9.

Table 1.9. Permissible levels of radionuclides intake through inhalation and digestion and
concentration in the air and water for Category C.

Radionuclide ID" Bg/year | ID™ Bg/year | CD™@ Bq/m® | CD" Bg/m?
>*Mn 4x10% 2x10° 20 8x10°
8Co 3x10* 3x10* 10 6x10°
0Co 3x10° 1x10° 1 8x10*
0Sr 6x10? 4x10° 0.2 1x10*
10A g 5x10° 4x10* 2 2x10°

131y 8x10° 6x10° 4 2x10%
134Cs 3x10° 4x10* 1 7x10*
B7Cs 2x10° 5x10* 0.8 1x10°
*H 2x10° 8x10° 100 3x107

During the period from 2004 to 2017 permissible release and permissible discharge at SS
Rivne NPP was regulated in accordance with the documents establishing the limits of releases and
discharges (DR; and DD;) (design release, design discharge) of the main dose forming
radionuclides under normal operation. The norms of permissible release and discharge at SS Rivne
NPP were revised 2 times during the specified period.

At present the release (DR;) limits of main dose forming radionuclides under normal
operation have been established at SS «Rivne NPP” and agreed with the Ministry of Health of
Ukraine (February 23, 2012). The values are given in Table 1.6.

The permissible release/discharge reflects the requirements to NPP operation in terms of
radiation protection of the public under the conditions of local natural ecological system. DR; and
DD; values do not depend on the number of power units in operation. Exceeding of the permissible
release/discharge under normal NPP is not allowed.

Book 1 SS “Rivne NPP” Environmental Impact Assessment
Rev. 2

NT-Engineering




26

In accordance with the “Permissible radioactive water discharge of SS Rivne NPP
(Radiation and Hygiene Regulation of Group 1) 132-2011-KVY-IIPB” the limits of discharge DD;
(the permissible boundary amount of radioactive substances the discharge of which into the
environment is acceptable with water discharges of SS “Rivne NPP”) of main dose forming
radionuclides under normal operation have been currently established and agreed with the Ministry
of Health of Ukraine (February 23, 2012). The values are given in Table 1.7. The permissible
discharge reflects the requirements to NPP operation in terms of radiation protection of the public
under the conditions of local natural ecological system. DD; value does not depend on the number
of power units in operation.

Exceeding of the permissible discharge under NPP normal operation is not allowed.

In accordance with the requirements [25] the reference levels of gas-aerosol releases and
radioactive liquid discharges are established for SS “Rivne NPP”.

The reference level values of SS Rivne NPP gas-aerosol releases and water discharges,
agreed upon with the Deputy Minister of the Ministry of Health of Ukraine, dated May 13, 2013,
are given in Table 1.10 and Table 1.11.

Table 1.10. Reference levels of gas-aerosol releases

Radionuclide group Reference level, MBg/day

Long-lived radionuclide mixture 9.0

Inert radioactive gases 8.7x10°
lodine radionuclides 40

Radionuclides Reference level, MBg/month

Co 35
P4Cs 48
B7Cs 42

*H 5.2x10°

Table 1.11. Reference levels of radioactive liquid discharges

Radionuclides Reference level, MBq/year
H 5,6x10°
Co 18
%9Sr 64
134Cs 20
HCs 240
Ce 110

1.4.2 Sanitary protection zone

The sanitary protection zone is established around a radiation-nuclear facility. The criterion
for establishing the sanitary protection zone is the limits of the annual intake of radioactive
substances through the respiratory and digestive organs and the limits for external exposure doses
of the personnel and the public, as well as the permissible concentration of radioactive substances
in the atmosphere and water.
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The size of the sanitary protection zone is determined taking into account the radiological
assessments in the NPP location area during its long-term operation.

The sanitary protection zone performs important functions regarding radiation protection
of the public from the effects of nuclear installation both under normal operation and under
conditions of radiation accidents. The sanitary protection zone is a territory around nuclear
installation and facilities for radiation waste management where the exposure level under normal
operation may exceed dose limit quota for the public.

The size of the sanitary protection zone is determined so that under normal operation,
abnormal operation and decommissioning of NPP the dose limit quota for the public does not
exceed the values established in par 5.5.4 HPBY-97 [25], which are 80 uSv/year for releases into
the atmosphere and 40 pSv/year for liquid discharges, beyond its borders. The quota value is
approximately ten times less than the dose received by the public from natural sources.

The design and construction of SS Rivne NPP power units was carried out in compliance
with regulatory documents effective at the time of design. Initially the sanitary protection zone
was established with 3 km radius.

However, in the future, considering the fact that the area size shall be refined taking into
account the wind rose of the dominant directions, the calculations were carried out and upon the
agreement with the USSR Chief Sanitary Doctor V.D. Turovsky (letter No. 32-014/324, dated
August 1984) the size of the sanitary protection zone for SS Rivne NPP was established with 2.5
km radius.

In compliance with the calculations of emergency exposure doses of the public under the
maximum design basis accident, made by Kurchatov Institute of Atomic Energy for power units
1-3 and All-Russian Research Institute for Nuclear Power Plant Operation for power unit 4 in
1989, the size of the sanitary protection zone with 2.5 km radius was confirmed.

According to these calculations the thyroid dose of children under DBA at a distance of
2.5 km did not exceed 6.5 rem for VVER-440 and 1 rem for VVER-1000, where the permissible
value is 30 rem.

The SPZis one of the most effective tools for initial protection of the public under the
conditions of radiation accidents by means of dispersion and dilution of radioactive releases.
Besides, the SPZprovides additional time to alert the population and to take urgent
countermeasures (for example, evacuation or iodine prophylaxis).

The size of the SPZis established so that during DBA the exposure doses to the public at
the boundary and beyond the SPZdo not exceed the criteria for introducing countermeasures, in
accordance with par 7.38 HPBY-97 [24].

In compliance with HPBY-97 [24] put into force on January 01, 1998, the size of the SPZis
limited to the territory where the level of exposure under normal operation may exceed the dose
limit quota for Category C (all the public) individuals exposed to radiation.

It was calculated that even under DBA and continuous living on the border of the SPZ
(2.5 km from affected power unit) during 70 years the estimated exposure dose from power unit
releases is about 3 mSv.

At present the public does not live within the CA, and there are no enterprises, structures
etc. that are not related to NPP. Only buildings and structures of the subsidiary farms and NPP
service facilities are located within the CA.

The radiation monitoring is carried out in the CA.
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The legal status for establishing and functioning of the NPP sanitary protection zone is
regulated by the Law of Ukraine “On the Use of Nuclear Energy and Radiation Protection” [20]
and the Law of Ukraine “On Lands for Energy Facilities and the Legal Regime of Special Areas
for Energy Facilities” [159].

In accordance with Article 45 of the Law of Ukraine “On the Use of Nuclear Energy and
Radiation Protection” [20], a special regime is established at the locations of nuclear installations
and facilities for radioactive waste management:

- in the locations of nuclear installation or facilities for radioactive waste management the
sanitary protection zone and observation zone are established;

- it is prohibited to live in the sanitary protection zone, the restrictions for production
activity not related to the nuclear installation or facilities for radioactive waste management are
established, and radiation monitoring is carried out;

- in the SPZit is prohibited to locate residential and public buildings, children’s and medical
and health institutions, and industrial enterprises, public catering facilities, auxiliary and other
structures not related with the operation of nuclear installation or a facility for radioactive waste
management;

- use of the lands and water bodies located in the SPZfor agricultural purposes is possible
only with the permission of the regulatory body for nuclear and radiation safety in coordination
with the operating organization, under condition of mandatory radiological control of the
manufactured products.

Pursuant to the requirements of Article 25 of the Law of Ukraine “On Lands for Energy
Facilities and the Legal Regime of Special Areas for Energy Facilities” [159], observation of the
established limits in the use of lands within the special territories is the responsibility of all owners
and users of the land plots, local executive authorities and local governments, enterprises operating
energy facilities.

State Nuclear Regulatory Inspectorate of Ukraine by the Order No. 8, dated January 16,
2012 approved the “Procedure for issuing permits for the use of lands and water bodies located in
the sanitary protection zone of a nuclear installation, a facility for radioactive waste management,
a uranium facility” HIT 306.4.181-2012. The Procedure is approved in order to ensure the
effectiveness of the state regulation in the field of the use of nuclear energy.

The permission for the use of lands and water bodies located in the SPZof a nuclear
installation, a facility for radioactive waste management, a uranium facility is issued to legal
entities or individuals-entrepreneurs intended to use lands, water bodies located in the SPZof a
nuclear installation to accommodate industrial enterprises, catering, auxiliary and other structures
related to the activity of the nuclear installation. Economic activity without permission is
prohibited. Payment for the permission is not charged.

To obtain the permit a legal or natural entity who has an intention to use lands, water bodies,
located in the SPZof the nuclear installation submits an application to SNRIU for issuing a permit
in the established form and documents according to the established list.

The procedure for the approval by the operating organization is determined by the
“Provision on the Procedure for Approval by the Operating Organization of the Intention to Use
Lands and Water Bodies of the Sanitary protection zones of NPP of SE “NNEGC “Energoatom”
for National Economic Purposes” ITJI-/1.0.28.597-13.
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The SS Rivne NPP SPZis a geometric combination of four circles of 2.5 km radius around
each power unit (Figure 1). The observation zone is a circle of 30 km radius with a center at the
location of NPP.

Within the boundaries of SPZand OZ the radiation is monitored within the “Radiation
Monitoring Regulation”, approved by the State Chief Sanitary Doctor of the facility and the State
Nuclear Regulatory Inspectorate of Ukraine. In accordance with the Regulation about 2500
environmental samples are taken and measured during each calendar year.

1.4.3 Observation zone

The observation zone comprises territory which is likely to be effected by radioactive
releases and discharges from radiation-nuclear facility (NPP) and where the monitoring is carried
out.

In accordance with [26] under normal operation of the facility, as a rule, the OZ shall be 3-
4 times bigger than the SPZ, however no restrictions on using the territory near the OZ are
established.

Currently the observation zone for SS Rivne NPP is established with the radius of 30 km
[25, 45].

The radiation monitoring in the OZ is performed in compliance with the “Regulation on
the Radiation Monitoring of Rivne NPP” 132-1-P-LIPb [46], approved by the First Vice-President
— Technical Director of SE “NNEGC “Energoatom”, dated February 02, 2016, endorsed by a letter
of SNRIU No. 15-28/7070, dated October 25, 2016, coordinated by the Head of Varash
Interdistrict Department of the State Institution “Rivne Regional Laboratory Center of the Sate
Sanitary and Epidemiological Service of Ukraine”, dated July 08, 2016, and the Director General
of SS “Rivne NPP”, dated July 05, 2016.

In addition to laboratory monitoring of Rivne NPP radiation impact on the environment
and the public, the continuous monitoring has been carried out since April 2007 using the
Automated Radiation Monitoring System.

Within the boundaries of the SPZ and OZ 13 monitoring points of the Automated Radiation
Monitoring System has been installed.
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Figure 1.2. The observation zone of SS Rivne NPP

SS Rivne NPP comprising 4 power units (two VVER-440 and VVER-1000) obtained an
approval for increasing the maximum water intake from the Styr river up to 2.32 m? per second
(Ministry of Land Reclamation and Water Management of Ukraine No. 21/5-547, dated October
25, 1983, minutes of the meeting with Deputy Chairman of the Council of Ministers of Ukraine,
dated September 07,1989, by the letter of the State Committee of Nature Protection No. 8-4-6-
291, dated July 12, 1990).

Water use at SS Rivne NPP [46] is carried out in accordance with the permit for special
water use YKP Ne 1/PBH, dated August 06, 2015 (valid till August 06, 2020).
The limit of water intake from the river is 73,164 thousand m?/year (267.840 thousand
m?/day), from subsurface horizons is 3,386 thousand m*/year (9,277.0 m>/day).
Water is supplied from the Styr river to SS Rivne NPP for feeding closed-circuit systems
and other technical needs.

Book 1

SS “Rivne NPP” Environmental Impact Assessment
Rev. 2

NT-Engineering




31

Domestic-drinking water is supplied from water intake of the village of Ostriv, deposit
“Rafalivske-1". The water intake includes 9 artesian wells.

The industrial-rain waste water from the NPP site is discharged to the Styr river by means
of free-flow collector through one outlet as clean within the tolerance range water.

1.4.5 City-planning and fire protection constraints

Due to the fact that the development of SS Rivne NPP industrial complex is envisaged
through the reconstruction and modernization of the existing production units which functionally
fit into the existing NPP infrastructure solely within its territory, city planning restrictions are not
considered.

Fire safety is provided through the fulfillment of legislative requirements of laws and
regulations [27-34] during the operation and reconstruction period, as well as the construction of
new facilities of SS Rivne NPP industrial complex, namely due to the existing controlled gaps
between buildings and structures, fire extinguishing systems, road construction etc.

Fire protection aspects reflect all aspects of fire safety:

— purpose and functions of a fire safety system,;

— fire protection decisions on the master plan;

— fire safety classification of building and structures;

— space-planning solutions, fire barriers, fire protection of engineering structures and main
provisions for the selection of fire extinguishing materials;

— evacuation routes and exits, access routes and ensuring safety of engineering units;

— measures on fire protection of technological processes;

— measures on fire protection of electrical installations;

— measures on fire protection of ventilation systems;

— fire protection systems: fire protection water supply, fire alarm, fire extinguishing, smoke
protection, fire alarm and evacuation control, lightning protection and grounding;

— primary fire extinguishing equipment.

1.5 Information on EIA executor and the list of subcontractors

The Customer is Separate Subdivision “Rivne NPP” of the State Enterprise ‘“National
Nuclear Energy Generating Company “Energoatom” (Ukraine, Rivne region, town of Varash,
34403).

The Executor is Limited Liability Company “NT-Engineering” (Ukraine, Kyiv oblast,
Kyiv, 6-b Staronavodnytska street, office 272).

The Co-Executor of EIA is Scientific Research Institution “Ukrainian Research Institute
for Environmental Problems” (61166, Ukraine, Kharkiv, 6 Bakulin street).
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1.6 The list and brief analysis of previous approvals and expert reviews including
public expertise

The Act of site selection for Rivne NPP construction at the Rafalivsky point near Rafalivka
station of Kyiv-Kovel railway, agreed by all interested Ministers and Agencies, was approved by
the Resolution of the Central Committee of the Communist Party of Ukraine and the Council of
Ministers of Ukrainian SSR No. 492, dated September 24, 1958.

NPP site is situated in Volodymyretsky district of Rivne region on the right bank of the
Styr river.

The distance from Rivne NPP site to Kyiv is 322 km, to the state border of the Republic of
Belarus is 60 km, to the Republic of Poland is 133 km, and to other far-abroad countries is 150 km.

Feasibility Study of the first line of NPP construction was approved by the decision of the
Scientific and Technical Council of the Ministry of Energy of the USSR No. 35, dated June 05,
1968, technical design was approved by the Resolution of the Council of Ministers of the USSR
No. 2394-P, dated November 11, 1973, and updated design was approved by the Order of the
Ministry of Energy of the USSR No. 279I1C, dated December 27, 1984. The first line of NPP
includes two power units with VVER-440 and one power unit with VVER-1000.

The construction of SS Rivne NPP has been carried out since 1974. Power unit 1 was
commissioned in 1980, power unit 2 —in 1981, and power unit 3 —in 1986.

Kyiv department of the “Atomenergoproekt” Institute performed Feasibility Analysis for
the reconstruction of Rivne NPP power units 1 and 2. The feasibility analysis includes measures
to improve reliability and safety level, taking into account operating experience of similar power
units.

The list of consolidated measure to improve reliability and safety of operating power units
and those under constructions at the plants with VVER was agreed by the USSR State Committee
for the Supervision of State Work in the Nuclear Power Industry, dated July 03, 1987, and
approved by the Ministry of Atomic Energy of the USSR and the Ministry of Medium Machine
Building of the USSR by the decisions MBTC-84 and MBTC-87, dated July 02, 1987, and
Interdepartmental Coordination Group.

The Feasibility Analysis was reviewed and approved by the Main Scientific and Technical
Directorate of the Ministry of Energy of the USSR (Conclusion No. 5-23-3/20-20, dated
September 08, 1989). The measures provided for in the Feasibility Analysis were implemented at
the operating power units 1 and 2.

The Feasibility Study for NPP expansion (the second line of construction) to 3000 MW
and NPP power uprate up to 4880 MW was developed by the Ural branch of the
“Teploelektroproekt” Institute, reviewed and approved by the Scientific and Technical Council
and the Examination Department for Projects and Budget Estimates of the Ministry of Energy of
the USSR (minutes No. 95, dated September 11, 1979), reviewed by the Main Directorate of State
Expertise Review of the State Building Committee of the USSR (No. Ab-4974-20/4, dated
September 29, 1980), approved by the Order of the Ministry of Energy of the USSR No. 155I1C,
dated November 03, 1980.

When developing the Feasibility Study for NPP power uprate up of 4880 MW the Act of
the construction site selection was issued and then approved by the Ministry of Energy of the
USSR on June 26, 1981.

The Feasibility Study and the Act of site selection provided for the creation of an off-
channel reservoir for the needs of NPP service water supply.
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Based on the approved Feasibility Study the development of NPP expansion project began.

However, during the development of the NPP expansion project the detailed study of the
engineering and geological conditions of the territory of the planned construction showed that
specified territory was characterized by the occurrence of suffusion-karst processes.

Due to the revealed adverse soil conditions the issue regarding the NPP expansion was
reviewed by:

- the Commission established by the Order of the Council of Ministers of the USSR
No. 508p, dated March 21, 1983;

- the joint Scientific and Technical Council of the State Building Committee of the USSR
and the Ministry of Energy of the USSR (minutes No. 1, dated April 11, 1983);

- the Interdepartmental Technical Council on NPP issues (decision No. 9H-2108, dated
August 23, 1983).

In response to the decision of the Commission, established by the Order of the Council of
Ministers of the USSR, to refuse the construction of power units 5 and 6 due to the fact that it was
impossible to create an off-channel reservoir at the karsted territory (par 2.1 of the Minutes, dated
March 22, 1983), the Ministry of Energy of the USSR by the Order No. I11-14913, dated November
17, 1983, suspended the development of the project to expand Rivne NPP to three power units of
1000 MW each.

In accordance with the decision of the mentioned Commission and the requirements of the
USSR State Planning Committee No. 22-1608, dated November 01, 1983, the Kyiv branch of the
“Atomteploelectroproekt” Institute elaborated the “Main design solutions of Rivne NPP design
(the second line) if expanded to one power unit of 1000 MW”, which was considered as
substantiation materials for construction of power unit 4.

As a result of the performed work the substantiation materials “Main design solutions of
Rivne NPP design (the second line) if expanded to one power unit of 1000 MW were elaborated
and reviewed by the Scientific and Technical Council and the Examination Department for
Projects and Budget Estimates of the Ministry of Energy of the USSR (minutes No. 93/9-197,
dated December 18, 1984), agreed by: the USSR State Nuclear Safety Inspectorate (letter
No. 5-526, dated March 29, 1985), State Committee on Hydrometeorology and Environmental
Control of the USSR (letter No. 22-634, dated February 12, 1985) and approved by the Order of
the Ministry of Energy of the USSR, dated June 17, 1985.

Based on the “Main Design Solutions” the project on expansion of the Rivne NPP second
line (power unit 4) was implemented, which was approved by the Order of the Ministry of Energy
of the USSR No. 166I1C-/ICII, dated June 25, 1986.

The construction of the second line of NPP started in 1986. However, due to the insufficient
funding, 1990 moratorium on the construction of nuclear power units in Ukraine, the construction
of the fourth power unit took a sufficient period of time.

By the Decree of the Verkhovna Rada of Ukraine No. 3538-XII of October 21, 1993 “On
some measures to provide the national economy with electricity”, the 1990 moratorium on the
construction of nuclear power plants in Ukraine was lifted. After that, the Ukrainian Government
confirmed its intentions to complete the construction of Khmelnitsky NPP power unit 2 and Rivne
NPP power unit 4, and perform their modernization to improve safety and reliability in order to
ensure compliance with the new national standards and international practice.

On December 20, 1995 the Ukrainian Government and the G-7 countries signed a
Memorandum of Understanding providing loans to finance the project, the implementation of
which will compensate the decrease in electricity production in case of Chernobyl NPP
decommissioning.
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Taking into account the general state of energy development in Ukraine, the necessity to
commission new power capacities and economic feasibility, the Cabinet of Ministers of Ukraine
adopted Resolution No. 1323, dated November 28, 1997, “On financial support of the construction
of Khmelnytsky NPP unit 2 and Rivne NPP unit 4”.

Specified documents are the basis to continue the construction of Rivne NPP unit 4.

At all phases of Rivne NPP construction the corresponding approvals and expert reviews
were carried out, during which the special attention was paid to the environmental issues:

- the Act of site selection for NPP expansion up to the boundary capacity, dated December
02, 1977, contained the proposal to take measures to exclude the possibility of flooding the
surrounding territory with an off-channel reservoir, including the city of Kuznetsovsk (now
Varash) and the cotton plant planned for construction;

- when reviewing the Feasibility Study of Rivne NPP expansion, the Rivne region
Executive Committee (minutes, dated January 27, 1988) added a statement regarding the
expansion of the sewage treatment plants for the full development of Kuznetsovsk and provide for
the maximum reduction of additional arable lands during the construction of power units 5 and 6;

- during the development of the project on NPP expansion to the boundary capacity the
detailed study of engineering and geological and hydrogeological conditions of the territory
planned for construction was carried out. The results of this study showed that specified territory
is characterized by the occurrence of suffusion-karst processes due to which it was found
impossible to create a cooling reservoir both near the NPP and at an economically acceptable
distance from it. Under the terms, agreed by the Ministry of Water Management of the Ukrainian
SSR (No. 21/5-547, dated October 25, 1983), the expansion of Rivne NPP to more than three
power units of the first line is possible to only one power unit 4 of 1000 MW with water intake
from the Styr river in the amount of 0.32 m?/s (in addition to the previously agreed water intake
of 2 m¥/s) for irretrievable water consumption and for the reconstruction of the Khrennikovske
reservoir;

- the substantiation materials for NPP expansion to one power unit presented six options to
found the main building, taking into account physical and mechanical properties of soils, it was
recommended to use bored piles with a diameter of 1.2 m and a length of about 34 m resting on
basalt rocks. For other buildings and structures the foundation is to be made of continuous plates
and tapes;

- in order to stabilize the bearing capacity of sandy soils the attention was paid to the
necessity of taking radical measures to prevent the site flooding (replacement of the open hydraulic
channels with closed pipes, heavy-duty waterproofing of the spray cooling ponds, cooling towers
and vent chambers, pump stations, asphalting of the territories near the cooling towers etc.), the
cretaceous layer under main buildings and structures without pile foundation shall be cemented;

In order to protect the environment the following recommendations were incorporated in
the design specification for NPP expansion to one power unit:

a) to reduce the contamination of the Styr river with waste water from the second line of NPP the
following design solutions shall be taken:

- industrial oily water waste shall be transferred to the wastewater treatment plants of the
first line of NPP;

- rain water runoff after local treatment shall be used in the service water supply system;

- radioactive sewage discharges shall be treated at the special water purification plants and
returned to the technological cycle;

- liquid radioactive wastes shall be treated at the solidification plant to ensure safe
transportation and storage at the regional storage facility;
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0) to reduce possible radioactive contamination of air and environment the following measures
shall be envisaged:

- ventilation air removed from the controlled access area premises shall be cleaned, if
necessary, using aerosol and iodine filters;

- swept-off gas from process equipment is subject to purification;

- ventilation air removed from the controlled access area premises shall be removed into
atmosphere through the vent stacks.

During the expert review of the project of NPP expansion to one power unit the
“Atomteploelektroproekt” Institute (Decision No. 28, dated May 28, 1984), the Scientific and
Technical Council and the Examination Department for Projects and Budget Estimates (minutes
No. 93/9-197, dated December 18, 1984) provided the following recommendations:

a) to refuse the construction of drainage channel under the reactor compartment, to
provide for crushed stone filtering layer 0.5-0.6 m thick of bed drainage type;

0) to improve turbine compartment ventilation system to ensure normal air parameters;

B) to provide necessary personal protection equipment for maintenance personnel to
prevent adverse impact of ionizing radiation of gases and aerosols, and necessary tooling and
equipment to prevent radioactive contamination propagation during maintenance;

r) to provide necessary tooling for metal decontamination during maintenance.

After lifting of moratorium on the construction of power units in Ukraine, the international
organizations performed the following:

- Environmental Impact Assessment (EIA) of the completion of SS Rivne NPP unit 4
construction (Muschel);

- analysis of options for the development of electric power industry of Ukraine under the
cost minimization scheme (Stone and Webster);

- final safety assessment report to solve a loan issue (Ryskaudyt).

Below is a brief description of the research findings.

In accordance with the European Bank for Reconstruction and Development (EBRD)
task, the European Commission in association with Consulting Company Muschel performed the
“Environmental Impact Assessment of the project of the completion of Rivne NPP unit 4
construction”.

The report contains an assessment of the NPP operating part impact on the environment
and radiological situation, as well as the impact occurring during future completion of unit 4
construction. As a result of the performed work the following conclusions were made:

- the NPP impact on the environment, taking into account the expansion, under normal
operation will be very insignificant, the impact resulted from design basis and beyond design basis
accidents will also be unremarkable;

- impacts related to discharges to water systems will be insignificant compared with the
regulatory levels applicable to the public;

- to improve radiation monitoring within the NPP 30 km zone paying special attention to
the accounting of releases and adverse impact of low-energy p-radiation sources, such as *H and
14C;

- to perform necessary analysis of changes in the amount of heat released into the
environment and the time, and take into account its effect on the dispersion and precipitation of
substances in the form of aerosols during formation of clouds and fogs;

- it is necessary to develop national long-term program of radioactive waste management;

In accordance with the EBRD task, in 1998 Stone and Webster (USA) reviewed 27 main
scenarios of the development of electric power industry of Ukraine under the cost minimization

Book 1 SS “Rivne NPP” Environmental Impact Assessment

Rev. 2 NT-Engineering




36

scheme taking into account the completion of Khmelnytsky NPP unit 2 and Rivne NPP unit 4
construction and came to the following conclusions:

- The completion of two power units construction in 2000 with a high probability
corresponds to the goal and programs of development of energy industry in Ukraine under the cost
minimization scheme;

- The considered options to refuse the construction of two power units are
characterized by higher costs compared with the options to complete power units construction
according to the schedule providing for cost minimization. Medium economic risk in case of
refusal the construction is USD 322 million;

- The decision regarding the completion of Khmelnytsky NPP unit 2 and Rivne NPP
unit 4 construction in 2000 is characterized by the greatest economic advantages compared with
other options;

- Among 27 considered scenarios, 15 showed that if the construction of two power
units is completed in 2002, there will be either no economic risk or it will be negligible.

Within the implementation of technical support program for SIC countries Ryskaudyt,
acting as a consultant to the Consortium of European Technical Safety Organizations, performed
the expert review of the Modernization program for VVER-1000 KhNPP-2 and RNPP-4 and
related to it “industry” and “operational” programs.

Upon the results the “Final Safety Assessment Report for the Loan Issue” was issued.
This report contained the conclusions that if all the recommendations provided by Ryskaudyt were
fulfilled and all proposed and recommended measures were taken:

- NPP design, administration and operation would comply with all the fundamental
principles specified in IAEA documents;

- Each level of multilevel protection system would be significantly improved;

- Modernized NPP could be compared with the European standards and acceptable
operating experience in terms of safety level from both design and operational point of view;

- Proposed measures specified in the Program together with those of Ryskaudyt are
considered complete and sufficient to eliminated internationally acknowledged safety deficiencies
of similar NPP;

- The schedule of measure implementation is acceptable in terms of safety assurance;

- During the implementation of the Modernization program and elimination
weaknesses, revealed in the expert review process, the NPP safety level would be achieved as at
the European NPP of the corresponding generation.

However, the mentioned documents including economic expert reviews and assessments
of power unit 4 impact on the environment do not fully comply with the requirements of JIbH
A.2.2-1-2003 [16] in terms of structure and content, and cannot be used as a basis for the
“Statement on Ecological Consequences of NPP Construction and Operation”. The Statement is a
legal document regarding the nature of ecological consequences and guarantees of implementing
the measures on environmental safety assurance for the whole period of NPP operation, and one
of the main documents based on which the Regulatory Authorities grant the operating license.

In connection to this, the Customer, SE “NNEGC “Energoatom”, made a decision to
develop EIA. To implement the decision the Customer represented by SS Rivne NPP prepared
Technical Requirements for rendering the service: “Environmental Impact Assessment of SS
Rivne NPP 083-01-TB-COHC (TB) approved by Chief Engineer — First Deputy Director General
of SS “Rivne NPP”, dated February 06, 2018 (Appendix A)
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1.6.1 Ukrainian Legislation

SS Rivne NPP gas been in operation since 1980.

Free access to the information regarding the environmental state, participation of the
public and public associations in the public hearings, participation of the public in the
environmental expert review is guaranteed by the Constitution of Ukraine (Articles 2, 34 and 35)
and a number of Ukrainian laws:

- “On the Information” (Articles: 2, 5, 6, 9, 10, 25, 31, 33 1 44) [35];

- “On the print media in Ukraine” (Articles 2, 34 1 35) [36];

- “On the Use of Nuclear Energy and Radiation Safety” (Articles: 3, 5, 6, 8, 10, 11, 20, 24,
37,47181) [19];

- “On the Environmental Protection” (Articles: 3,9, 10, 11, 15, 19, 21,251 30) [17];

- “On Radioactive Waste Management” (Articles 8, 22 1 29) [37], and

- “On the City Government” [38];

- “On the Public Association” [39];

- “On the Property” [40];

“On the entrepreneurship” [41];
“On Appeal of Citizens” [42];

- “On State Secrets” [43], and the law of Ukraine “On Ratification of the Convention on
Access to Information, Participation of the Public in Decision-making and Access to Justice in
Environmental Matters” No. 832-14, dated July 06, 1999 [44].

In order to involve the public and public associations to participate in the review of the
issues related to the use of nuclear energy, the local administration and local government may
organize the public hearings regarding critical design review related to location, construction,
decommissioning of nuclear installations and facilities for radioactive waste management.

During public hearings both the materials provided by the Customer and the results of the
public and state expert reviews are discussed.

The participation of the public in the environmental impact assessment can be carried out
by making statements in the mass media, providing written comments, proposals and
recommendations, including the public representatives to the expert commissions, groups on the
environmental impact assessment. Preparation of the environmental impact assessment
conclusions and decision making regarding further implementation (usage, application, operation
etc.) of the facility under environmental impact assessment is carried out with consideration of the
public opinion.

Thus the local public’s attitude can be formed in the process of environmental impact
assessment and during the public hearings of the materials of EIA “SS Rivne NPP Environmental
Impact Assessment”.

1.7 Information on the attityde of the public and other stakeholders to the planned
activity and related problems that need to be addressed

Quick provision of the information to the public on the events at SS Rivne NPP and
formation of positive attitude to nuclear energy is carried out by the Department of the Information
and Public Relations. In accordance with Article 10 and 11 of the law of Ukraine “On the Use of
Nuclear Energy and Radiation Safety” [19] this task is carried out by the press-center, public
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relations department, editors and radio and television broadcasting, and by the local newspaper
“Energia”, included into the management structure.

Information Center of SS Rivne NPP is located at:
5 Nezalezhnocti Square, Varash, 34400, Rivne region,
e-mail:informsentr@mail.ua, official site of SS “Rivne NPP”: www.rnpp.rv.ua.
Tel.: 2-14-43, 2-11-96, Facebook page: rpp.polissia.
Pursuant to the law of Ukraine [20] the citizens have the right to receive complete and
true information about the nuclear facilities activity.
Information Center operates in four main areas:
Excursion activities;
Exhibition activities;
Work with the public of SS Rivne NPP observation zone;
Educational activity.
The main goal of power plant policy in the area of public relations is maintaining stable
and positive public opinion at SS Rivne NPP location, i.e. the conditions contributing to successful
production activity of the enterprise.

Figure 1.3. Excursion and educational activity provided by SS Rivne NPP Information
and Public Relations Department among the teenagers.

The information on the current activity and events at SS Rivne NPP is provided to the
public by means of [48-51]:

- Daily e-mailing of information messages on the current operation of SS Rivne NPP
units to 24 addresses in 2014, 26 addresses in 2015, 22 addresses in 2016 and 2017;

- E-mailing of event press-releases to the central and regional information agencies to 70
addresses in 2014, 2015, 2016 and 2017;
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- Publishing of press-releases and messages in the news line of the official site of SS
“Rivne NPP”.

- Telephone-autoinformer.

Upon the results of events at SS Rivne NPP - conferences, meetings, reviews - the press-
releases are distributed to the media and the press service of SE “NNEGC “Energoatom”. 156
press-releases were issued in 2014, 410 — in 2015, 461 —in 2016, 480 — in 2017.

Since 2005 the official site of SS Rivne NPP has been functioning. Collecting and updating
of the information is carried out by the press-center employees. SS Rivne NPP Facebook page was
created in 2015 and has been functioning since. The news line is continuously updated.

Pursuant to the law of Ukraine “On the Use of Nuclear Energy and Radiation Safety”,
according to which the citizens have the right to receive complete and true information on the
nuclear facilities activity, the telephone-autoinformer is constantly on. (tel.: (03636) 64-8-64). It
gives the opportunity to get the information on the current state of SS Rivne NPP units which are
under operation, environmental and radiation situation in the observation zone. Telephone

answering system is aimed at forming the openness in the relations with the public living at the
adjacent to NPP area.

Figure 1.4. Work with the public from
the observation zone of SS “Rivne NPP”

Twice a week the press in Rivne, Volyn and Lviv oblast is monitored which provides the
opportunity to track the need in information, prepared by the Department of Information and
Public Relations, and the quality its of perception. The result of the monitoring is the collection of
publications about SS Rivne NPP activity.

Since 2016 in order to demonstrate the high level of national NPP safety and reliability, the
press-tour of regional media has been held at SS “Rivne NPP”.
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Figure 1.5. Co-operation with public
organizations

Regional mass media published 1199 articles about SS Rivne NPP in 2014, 160 articles —
in 2015, 1905 articles — in 2016, 1688 articles — in 2017, that shows the interest in the events at
SS “Rivne NPP”. The main topic of the articles is the reliability of power units operation, radiation
safety, measures on modernization and reconstruction aimed at power unit safety improvement,
social partnership, interrelation with local government, development of infrastructure of the
adjacent to SS Rivne NPP areas.

In order to demonstrate the high level of safety and reliability of national nuclear power
plants, the press-tours of regional media were held at Rivne NPP in 2014 and 2015. The
representatives of regional and local TV companies, information agencies, print and electronic
media, public organizations of Volyn and Rivne region participated in those press-tours. In 2014
together with the Association “Ukrainian Nuclear Forum” within the European week of stable
energy the press-tour on the topic “Nuclear Energy and its Impact on Climate Moderation” was
held for the representatives of the central media, and in 2015 the 4™ SE “NNEGC “Energoatom”
Summer School and excursion to the production site were held for the participants of the Spring
Nuclear School.

In 2014 the workshops for teachers of Fundamentals of Health and Safety from district
and regional schools were held on the basis of the Information Center; as well as a meeting with
teachers and students of Lesya Ukrainka Eastern European National University and Ternopil Ivan
Puluj National Technical University. In the occasion of the 10" anniversary of SS Rivne NPP unit
4 commissioning the photo contest and photo exhibition were held.

The following excursions are organized for the public and guests of the town:
- To the Information Center “Polissia”;
- To the Training Center with demonstration of full scope simulators, radiation
protection room;
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- To the Automated Radiation Monitoring System complex;
- Observation bus tours around the plant.

In 2015 on the basis of the information Center the following measures were taken:

Meeting with the participants of the pedagogical conference.

Regional seminar of representatives of the state sanitary phyto inspection.

Seminar of representatives of regional energy companies of Ukraine.

Photo exhibition — SS “Rivno NPP” for the Antiterrorist Operation.

Exhibition of paintings by I. Herchanivska from the “Bird” series.

Exhibition of drawings “Bible stories through the eyes of children”.

Visit of teachers-ecologists of the city of Lutsk.

Informative excursion for the participants of the “Spirographs” theater troupe in the

city of Lviv.

9. Study tour for students of the Spring Nuclear School.

10. Acquaintance with the work of WANO - MC Information Center.

11. Excursion to SS Rivne NPP of a group of students of Lesya Ukrainka Eastern European
National University.

12. A visit of pupils of physical and mathematical classes of Lutsk secondary school No.9
to SS Rivne NPP facilities.

13. Vocational-oriented meeting with the pupils of schools located in 30 km observation
zone (Sukhovolia village, Volodymyretsky district).

14. Organization of the exhibition of paintings by a local artist “I bow to my native land”.

15. Meet-the-artist event with employees of Kuznetsovsk music school

16. A series of excursions for pupils of junior classes on the topic “Worthy descendants of
Cossack glory”.

17. Meeting on the occasion of the international day of museums with representatives of
the Museum of Volyn Icon (Lutsk).

18. Study tour to SS Rivne NPP for directors of Lutsk educational institutions within the
framework of cooperation of city councils.

19. Introductory tour for children from Volnovakha, Donetsk oblast.

20. Grand opening of the Summer Nuclear School with the participation of the plant
management.

21. Organizing and conducting of a study tour to SS Rivne NPP facilities for children from
multi-member families in Kuznetsovsk.

22. Work with primary school under the program “Fun holidays” of the Palace of Culture
of SS “Rivne NPP”.

23. Work with representatives of the Ukrainian-Polish center “Lodz-Kostyukhnovka”
delegation.

24. Excursion for youth public organization from Zhytomyr.

25. Organization of a sightseeing tour for representatives of the prosecutor's office of
Ukraine and Security Service of Ukraine.

26. Study tour for dentists.

27. Work with students of the Kuznetsovskiy vocational school as part of an introductory
course in nuclear power engineering.

28. Excursion for representatives of Lodz (Poland) and Lutsk Catholic Church.

29. Assisting in the organization of educational and methodological meetings of Heads of
military units for protection of nuclear power plants in Ukraine.

30. Conducting a virtual study tour for children from the Center of Children and Youth Art.

PN R =
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Study tour to SS Rivne NPP facilities for the representatives of Polish cities within
power unit 3 lifetime extension.

Organizing and conducting of the excursion for the participants of the regional seminar
of Rivne teachers of natural sciences.

Conducting a meet-the-artist event with the public organization "Golden Age" of
Manevychi settlement.

An introductory meeting with the pupils of the fine arts group on the topic “My
homeland is my land”.

Introductory tour for representatives of the Volyn tourist club.

A series of excursions for pupils of social clubs on the topic “Rivne NPP - the energy
giant of Polissia”.

Study tour for the administration and teachers of secondary school Nel.

Acquaintance with the environmental activities of the SS Rivne NPP in the framework
of a meeting with representatives of the Sarny Pedagogical College on the basis of the
Automated Radiation Monitoring System laboratory.

Summing up and rewarding the participants of the contest “With Hope - to Victory”.
Meeting with the representatives of the Volodymyrechchina public organization
“Pagin”.

Providing individual consultations to the participants of the “Kurchatov readings”.
Topic tour for the members of Evangelical Christian Baptist choir.

Information support of the All-Ukrainian seminar of representatives of the Treasury of
Ukraine.

Information support for the participants of the paramilitary security forces staff
meeting.

Study tour for editors of printed municipal mass media of Rivne region.

Organization of public hearings within the implementation of the Complex
(Consolidated) safety Upgrade Program.

Visits to the 30 km zone: Sarnensky district Verbche village, Volodymyrets settlement,
Kolky settlement, Manevytsky district, Volyn region.

Organization and holding of a meeting on the Day of Energy Worker of high school
students with a veteran of the SS Rivne NPP Mr Kisly A.Z.

Placement of a photo exhibition of Aleksey Valygin, an employee of the SS “Rivne
NPP”.

Participation in the round table meeting of the city library.

Vocational-oriented visits to the educational institutions of the city.

The following contests were held:

AR

Scientific report contents — 22 participants.

Brain-ring among employees of SS Rivne NPP — 23 participants.

Contest of children's drawings “No-war” — 80 works.

Competition of children's drawings “With Hope to Victory” — 72 works.
Small Kurchatov readings — 40 people.

Brain-ring among high school students of the observation zone — 63 people.

In 2016 on the basis of the Information Center the following events were held:

1. Meeting with participants of the Antiterrorist Operation and representatives of the
volunteer movement of pupils from the town schools.
2. Round table with deputies of the City Council.
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3. Presentation of the book of V. Sukhonosenko, the SS Rivne NPP veteran.

4. Participation in the meeting of the city organization of Chernobyl victims.

5. Organizational work on carrying out a practical workshop with teachers of
Fundamentals of Health and Safety from Kuznetsovsk, Sarnensky and Kostopilsky
districts.

6. The round table of the youth union of SS “Rivne NPP”.

7. Study tour for representatives of the Christian Baptist church.

8. Study tour for representatives of the Ministry of Health of Ukraine and medical unit
3.

9. The opening of the All-Ukrainian exhibition of children's drawings “With Hope to
Victory” with the participation of members of the youth social service, Center of
Children and Youth Art, students of the gymnasium.

10. Study tour for students of the faculty of "Nuclear Energy" of the Odessa Polytechnic.

11. A visit of directors of the regional electric grids of Ukraine to SS “Rivne NPP”.

12. Meeting of Afghan events veterans with high school students of the town on the
occasion of the withdrawal of troops from the Republic of Afghanistan.

13. Creating a memorial place of S. Tarasyuk, the deceased soldier of Antiterrorist
Operation.

14. The opening of the All-Ukrainian exhibition of children's drawings “With Hope to
Victory” with the participation of members of the youth social service, Center of
Children and Youth Art, students of the gymnasium.

15. Meeting of generations of the chemical department workers.

16. Visits to the 30 km observation zone of SS “Rivne NPP”".

17. Workshop with the teachers of of Fundamentals of Health and Safety from
Kuznetsovsk, Sarnensky, Kostopilsky districts.

18. Introductory tour for representatives of dispatching services.

19. Introductory tour for representatives of the Polish Voivodeship

20. Excursion for representatives of the Rivne financial inspection.

21. Round table for representatives of the Radekhivsky district of Lviv oblast.

22. Visits to the 30 km observation zone of SS “Rivne NPP”".

23. A series of topical excursions “RNPP for Antiterrorist Operation” for students of the
town.

24. Excursion for teachers of physics of Rokytnivsky district.

25. Excursion for pupils of Dubrovytsky secondary school Nel.

26. Excursion for the participants of the regional seminar of the Heads of out-of-school
educational establishments.

27. Excursion for teachers of the seminar on the Fundamentals of health in Sarnensky,
Kostopilsky districts and Kuznetsovsk.

28. Excursion for representatives of the Republic of Poland.

29. Providing information materials on SS Rivne NPP to the French scientists.

30. Opening of the exhibition on the occasion of the 30th anniversary of the Chernobyl
accident.

31. A series of topical excursions for schoolchildren "Lessons of Chernobyl".

32. Participation in the teleconference between Lutsk and Chernigov dedicated to the
Chernobyl events.
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33.

34.

35.

36.

37.

38.

39.
40.

41

44,

45.
46.

47.
48.

49.
50.

44

Opening of consulting centers on the extension of RNPP unit 3 lifetime in the
observation zone.

Visits in the 30 km observation zone of Volodymyretsky district of Rivne region and
Manevytsky district of Volyn region.

Seminar of Chemistry and Physics Teachers of Rivne region on the basis of the
Information Center.

Introductory tour for students and teachers of Lesya Ukrainka Eastern European
National University.

Round table with the participants of the personnel reserve program of SE “NNEGC
“Energoatom”.

Awarding of winners and laureates of the drawing contest.

Participants of the regional seminar of librarians, introductory tour.

Visits in the 30 km observation zone of Volodymyretsky district of Rivne region and
Manevytsky district of Volyn region.

. Participation in the festival “Amber Way”.
42.
43.

Photo flash mob devoted to the “Vyshyvanka Day”.

Meeting with the public to discuss the regular environmental assessment of the
C(C)SUP.

Cooperation with representatives of the Scientific Center of Radiation Medicine of
the Academy of Medical Sciences of Ukraine.

Excursion for representatives of Poland.

Deputy Day at SS Rivne NPP for representatives of the Volodymyretsky District
Council.

Meeting with representatives of SE “NNEGC “Energoatom” in the framework of
power unit 3 lifetime extension.

The 3™ annual bike ride Kuznetsovsk — Bile Ozero.

Seminar of the Regional Scientific Library.

Introductory tours for representatives of the fire service of Ukraine, citizens of the
Republic of Poland

51. Excursion in English for the participants of the English-speaking camp of the
Volodymyretsky Collegium.

52. Acquaintance with the work of the SS Rivne NPP of students of educational
institutions of Poland

53. Providing information about SS Rivne NPP operation to the students of Polish
educational establishments.

54. Organizing and conducting of the contest of Scientific reports.

55. Visits to 30 km observation zone of Volodymyretsky district of Rivne region and
Manevytsky district of Volyn region. (St. Chortoryisk)

56. Excursions of the Heads of Mannevychyna who visited SS Rivne NPP to obtain
information about the technology of sludge formation.

57. Visit of representatives of the Volodymyrets district council within the EC ecoproject

58. Organizing and conducting an introductory tour to the facilities of SS Rivne NPP for
children from large families in Kuznetsovsk.

59. Work with children of SS Rivne NPP employees in the framework of the program
“Happy holidays”.
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60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.

77.
78.

79.

80.

1.

82.

&3.
&4.

85.

45

Work with representatives of the delegation of the Ukrainian-Polish center “Lodz-
Kostyukhnivka”.

Excursion for youth public organization from Zhytomyr.

Visits to 30 km observation zone of Volodymyretsky district of Rivne region and
Manevytsky district of Volyn region. (village of Antonivka, Volodymyretsky
district).

Excursion for representatives of the Chamber of Accounts

Conducting a meeting of Capital Construction Management employees with veterans
on the occasion of Construction Worker’s Day

Organization of a sightseeing tour for representatives of the prosecutor's office of
Ukraine and the Security Service of Ukraine.

Excursion for the representatives of the camp “Harcerstvo Polske”.

Meeting with delegations of Volodymyretsky and Manevytsky districts in the
framework of the program for the use of ameliorants from SS Rivne NPP in the
development of the agricultural district.

Meeting with representatives of FOLKMUZIKL with the participation of People's
Artist of Ukraine Oksana Pekun.

Study tour with the dentists of the town.

Study tour for youth clubs in the town.

Meeting of representatives of the delegation of Manevychchyna, Poland, Lithuania in
the framework of the Independence Day celebration.

Placement of the photo exhibition on the occasion of the Independence Day “With
Ukraine in the heart”.

Conducting a patriotic flashmob “Smile, Ukraine!”

Introduction of the quiz “Do you know RNPP?”

Excursion for employees of the Kiev tram depot.

Work with students of Kuznetsovsk vocational school as part of an introductory
course.

Excursions for representatives of the Catholic Church of Lodz (Poland) and Lutsk.
Assisting in the organization of educational and methodological meetings of Heads
of military units of Ukrainian NPP protection.

Conducting a virtual study tour for children of the local history group of the Center
of Children and Youth Art.

Introductory tour to the facilities of the SS Rivne NPP for representatives of Voluv
(Poland) as part of the City Day.

Organizing and conducting excursions for the participants of the regional natural
sciences workshop of teachers of Rivne.

Information support of representatives of the Commission for Standardization of SE
“NNEGC “Energoatom”.

Study tour for pupils and teachers of Lutsk gymnasium.

Round table of students of the city with representatives of the Ministry of Emergency
Situations of Ukraine.

An individual excursion for the 30 thousandth visitor of the Information Center -
student of vocational school Andrei Mark.
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86.

87.

88.
&9.
90.
91.
92.
93.
94.
95.

96.
97.
98.

99.

46

Providing answers to information requests in consultation centers and distribution of
copies of the "Energoforum" among the population of the observation zone.

Visits to 30 km survelliance zone of Volodymyretsky district of Rivne region and
Manevytsky district of Volyn region (village of Lisove and Huta-Lisivska).
Introductory tour for participants of the professional skill contest.

Information for representatives of the Herder Institute, Marburg.

Excursion for pupils of Polytska secondary school.

Introductory tour for students of Volodymyretsky higher vocational school.

Refitting of the photo exhibition devoted to Antiterrorist Operation.

Meeting with the teachers of the Kolkovsky higher vocational school of Volyn region.
Participation in the International Energy Forum.

Meeting of the town youth council with Pavlo Pavlyshyn, Director General of the SS
“Rivne NPP”.

All-Ukrainian seminar with representatives of the insurance company “Oranta”.
Joint participation in the environmental program “Discover Ukraine”.

Introductory tour for students of the Kolkivsky higher vocational school of
Manevytsky district.

Within the framework of the Green Planet project, an environmental action “Collect
waste paper - save the tree” is being carried out in the urban facilities of SS “Rivne
NPP”.

100. Organizing and conducting the contest Small Kurchatov readings.

101. Organizing and conducting brain-ring on the occasion of the Day of Energy Worker.
102. Participation in the All-Ukrainian essay competition “Nuclear Energy and Society”.
103. Introductory tour for representatives of local authorities, teachers, and residents of

the village of Khynochi, Volodymyretsky district, Rivne region.

104. Conducting "internships" for senior pupils at the production positions of SS Rivne

NPP and excursions for representatives of the youth council of the town.

105. Organizing and providing the pupils of the Chudelsk special boarding school with

gifts for St. Nicholas Day.

The following events were held in 2017 on the basis of the Information center:

1. Meeting of the Director General of SS Rivne NPP with the youth of the town.

2. Christmas movie for the creative youth of the town.

3. Organization and holding a meeting for employees of local electrical grids of the
town.

4. Dialogue between Kuznetsovsk vocational school and Kolkivskaya vocational
technical school of Volyn region and a visit to SS “Rivne NPP”.

5. Visit-response to the village of Manevychi Volyn region of the club "Orchid" to the
public association “Golden Age”.

6. Meeting of Afghanistan combat veterans with high school students on the occasion
of the withdrawal of troops.

7. Introductory tour for representatives of Rivneoblenergo.

8. Summing up the results of the All-Ukrainian drawing contest among students “The
peaceful atom unites Ukraine”.
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10.

11

12.

13.
14.

15.

16.
17.

18.
19.
20.
21.
22.
23.

24.

25.

26.
27.
28.
29.
30.
31.
32.
33.

34.

35.

36.

37.
38.

47

Participation in conducting a chemistry lesson for high school students of the town at
the SS “Rivne NPP”.

Meeting of students with the Head of the personnel training department, Ms. O.
Sinitsa on the topic “The role of women in nuclear energy”.

. A series of introductory tours for participants of practical training of SE “NNEGC

“Energoatom”.

Summing up the contest of sketches for the design of the facades of SS Rivne NPP
buildings.

Topical tour “Peaceful Atom” for schoolchildren of settlement Volodymyrets.
Excursion to SS Rivne NPP site for children organized and conducted by the
Information and Public Relations Department.

A cycle of excursions for students of teenage clubs of the town on the topic: “The role
of the SS “Rivne NPP ”in the development of the region”.

A visit of representatives of the Sarnensky Collegium of SS “Rivne NPP ”.

The meeting of employees of the Information and Public Relations Department with
representatives of Lutsk sports clubs.

Providing information about SS Rivne NPP operation to delegation from Poland.
Introductory tour for pupils of Lutsk boarding school.

Visit of Rivneoblenergo representatives to SS Rivne NPP site.

Overview courses for representatives of SE “NNEGC “Energoatom”.

Visit ofrepresentatives of Lutsk Gymnasium to the facilities of SS “Rivne NPP”.
Meeting of students of vocational schools, students of the town and the observation
zone of the SS Rivne NPP with students of the KPI (a series of lectures).
Introductory tour for representatives of the KVN (Club of the Funny and Inventive
People) teams of the State Enterprise “NNEGC “Energoatom” and meeting with the
management of the SS Rivne NPP headed by the Director General.

A series of excursions on the topic “The social policy of the SS Rivne NPP and its
role in the development of the region™:

03.05 - directors of educational establishments of Zarechniansky district;

05.05 - delegation of the fabulist club (Poland);

11.05 - representatives of Dovgovilska secondary school of Volodymyretsky district;
12.05 — students of Lesya Ukrainka Eastern European National University (Lutsk);
12.05 — directors of educational establishments of Volodymyretsky district;

16.05 — representatives of Volodymyretsky Collegium,;

17.05 — representatives of Rokytnivska secondary school;

Providing the consulting support in organization and conducting meetings of
representatives of public with Ms. S. Boltovska, Doctor of Historical Science (Herder
Institute, Germany);

Topical tour “Night at the Museum”.

Organization of the exhibition of vyshyvanka “Love and know your native land” on
the occasion of the Day of Vyshyvanka.

Organizational assistance in carrying out a brain-ring for young people of SS “Rivne
NPP”.

Overview courses for representatives of SE “NNEGC “Energoatom”.

Briefing on the implementation of the C(C)SUP measures for media representatives.
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39.
40.
41.
42.
43.
44.
45.

46.

47.

48.

49.
50.

51

54.

55

57.
58.
59.
60.
61.
62.
63.

64.
65.

66.

67.

68.
69.

48

A series of topical tours “Our energy is our future”:

01.06. — pupils of Zabolotska secondary school;

01.06. — representatives of Polish Kharcers;

07.06. — pupils of Dubrovytska secondary school,

09. 06. — students of the Cultural Center of Rivne.

Public hearing in assessment of C(C)SUP.

Providing information about SS Rivne NPP operation to the representatives of “Gas
Postach” of Lokachiv, Volyn region.

Conducting a practical training for representatives of the external communications
department of the SE “NNEGC “Energoatom” and visiting the Ukraine-Polish center
in Kostiukhnivka village, Manevytsky district.

Study tour for the participants of the Summer English camp of the town.

Providing information about SS Rivne NPP operation to the participants of the Polish-
Ukrainian business forum.

Meeting with the students of the club “Brigantina”.

Introduction of the SS Rivne NPP facilities to the representatives of the Ministry of
Emergency Situations of the town.

. Introductory tour for representatives of vocational schools in Rivne region.
52.
53.

Overview courses for representatives of SE “NNEGC “Energoatom”.

A visit of SS Rivne NPP by representatives of the Ukraine-Polish friendship center of
Kostiukhnivka village.

During the first half of the year, employees of the IC visited populated areas of the
SS Rivne NPP observation zone.

. Introductory tour for 1977 graduates of Rafalivka boarding school.
56.

Introduction to the history of the plant and the town of Varash of the participants of
the bike ride of the Lyubomylsky district of Volyn.

Study tour for representatives of the Museum of Icons of the city of Lutsk.
Introductory tour for Polish Kharcers organization.

Attending the exhibition of the Second Ukrainian World War, located in the
information center, by the Service for children, family and youth.

Excursion for participants of the workshop on the basis of the dental center “Dentist”.
Excursion for representatives of the agricultural company “Haiberi”, Volyn.
Providing information about SS Rivne NPP operation to the representatives of the
regional animators workshop.

Providing information about SS “Rivne NPP”operation to the representatives of the
English-language camp in Voronky village.

Organization of measures for preparation the Ethno-defile of vyshyvanka.

Provision of methodological recommendations and information and image materials
for school teachers before the beginning of the school year.

Participation in the organization and conducting of the Day of Knowledge for students
of town schools.

Work on historical materials for the representative of the Herder Institute
(Magdeburg) Ms. Svetlana Boltovska.

The cycle of museum and walking tours dedicated to the Town Day.

Introductory tours for vocational school students - introduction to the profession.
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70.

71.

72.

73.
74.

75.

76.

T7.

78.

79.

80.

81.

82.

&3.

&4.

85.
86.

87.
88.
&9.
90.
91.
92.

93.

94.
95.
96.
97.
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Meeting of workers of Information and Public Relations Department with
representatives of the tennis tournament, providing information about SS Rivne NPP
operation.

Round table with a local historian Mr. N. Kobyliansky and the presentation of the
new book “The Station “Los”.

Overview courses for representatives of SE “NNEGC “Energoatom”, work on the SS
Rivne NPP site.

Organizational events for the participants of the “Nuclear School”, excursions.
Ceremonial opening of the “Nuclear School” by P. Ya. Pavlyshyn, Director General
of SS “Rivne NPP”.

Organization and holding of the Day of the Deputy for the deputies of the Manevytsky
District Council.

Organization and conduct of classes in the “Nuclear School”.

Excursion for employees of the Ministry of Emergency Situations of Rivne.
Organization and holding of the Day of the Deputy for deputies of the
Volodymyretsky District Council.

Providing information about SS Rivne NPP operation to activists of the local history
group of the Center of Children and Youth Art.

Presentation of the exhibition, dedicated to the anniversary of the Antiterrorist
Operation “Heroes do not die”.

The lesson of courage, the meeting of the participants of the Antiterrorist Operation
with the senior pupils undergoing preconscription military training.

Organization and holding of a workshop for schoolchildren of Lviv Educational
Complex “School of Engineering — Lviv Economic Lyceum”.

Introduction of the Information Center and town of Varash to the WANO
representatives.

Carrying out an optional course on physics at school No. 5, devoted to the anniversary
of power unit No. 4 commissioning and unit No. 3 lifetime extension.

The cycle of object lessons on the extension of power unit 3 lifetime.

A trip to the Energy Forum “Fuel and Energy Complex of Ukraine - Present and
Future”.

Work with Rivne archive.

Work with the youth organization “Plast”.

Introductory tour for representatives of the State Treasury.

Nuclear school - visiting outdoor switchgear-750.

Introductory tour for the trade union activists of SS “Rivne NPP”.

Working with archival data in the framework of a visit of Ms. Veronica Wendland,
German professor at the Herder Institute.

Providing information about SS Rivne NPP operation to the senior students of
Volodymyretsky Collegium.

The event dedicated to the Day of Dignity and Freedom.

Public Hearings regarding C(C)SUP.

Providing information about the IC for representatives of Lvivenergo.

Providing information about IC work to the guests from SS “Zaporizhzhya NPP”".
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98. Visits together with Deputy Director General for Personnel of SS Rivne NPP
observation zone — Nuclear School of SS Rivne NPP for senior high school students
from the OZ.

99. Excursion for Volodymyretsky Collegium.

100. Cycle of excursions for pupils of town schools.

101. Participation in the celebration of the 25th anniversary of the Department for
Modernization.

102. Organization and conduct of the Small Kurchatov Readings.

103. Introductory tour for the power equipment maintenance subdivision.

104. Organizing and holding the brain-ring.

105. Providing information about SS Rivne NPP operation to students of the
Chornyzhska Secondary School, the Delegation of the Belarusians.

106. Introductory tour for employees of the paramilitary security service of SS “Rivne
NPP”.

107. Providing information about SS Rivne NPP operation to the pupils-museologists of
st. Rafalivka.

108. Work with students in schools - lessons in the memory of Chernobyl.

109. Providing information about SS Rivne NPP operation to the students of amateur art
school Ne3.

110. Providing information about SS Rivne NPP operation to the students of Polovlivska
secondary school.

111. As part of the press tour - Providing information about SS Rivne NPP operation for
journalists from Volyn, Rivne, local media, and the celebration of the opening of
Radioactive waste treatment complex.

112. Visit of pupils of school Ne5 to SS Rivne NPP site.

113. Presenting to orphans and children in difficult life circumstances gifts for the New
Year. A trip to the Chudelsk boarding school for presenting gifts.

In 2014 421 excursions were conducted for 2719 people, in 2015 the excursions were
conducted for 5368 visitors, including 184 excursions for 2499 pupils. In 2016 588 excursions
were conducted for 5722 visitors including 283 excursions for 3009 pupils. In 2017 730 excursions
were conducted for 7428 visitors including 304 excursions for 3801 pupils.

The Information Center took the prominent position among the cultural and entertainment
establishments of the town and region. Visits to the Information center are included in the list of
places to visit during the excursions to the Western Ukraine.

Given that the main succession pool of our enterprise is the young people from the town
and adjacent areas, Rivne NPP pays much attention to vocational-oriented education. In this
connection, during 2014 the following was held:

-competition among schoolchildren of Kuznetsovsk for the best picture on the topic of
“SS “Rovno NPP”. Welfare. Homeland ”, which was attended by 147 students; The best works of
the competition finalists took part in the final part of the competition in Kiev and received prizes.

-competition among schoolchildren of Kuznetsovsk for the best drawing on the topic
“NO-war”, which was attended by 60 students;

-brain-ring and Small Kurchatov Readings on the topic “Nuclear energy and society”
among schoolchildren of SS Rivne NPP 30-kilometer observation zone.

- Stage II of the All-Ukrainian essay competition on nuclear energy topics.
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The employees of the department held meetings with the representatives of local
government and pthe ublic of the observation zone. In 2014 the excursions for deputies of Lviv
town council and Lviv teachers were initiated.

A tradition of conducting the contests among students extended to the SS Rivne NPP
observation zone. The results of performed work shows strong interest of youth living in the
adjacent territories in topics related to nuclear energy.

Information materials are disseminated among SS Rivne NPP personnel, town, district,
regional organizations and institutions, educational establishments.

In 2017 the contests for students from the observation zone settlements were conducted:
essays and brain-rings on the topic “Nuclear Energy and the World”, drawings on the topic “The
peaceful atom unites Ukraine”. Also in 2017 a competition was held for the best creative work - a
sketch of the color design of the auxiliary building facade of SS “Rovno NPP” on the topic “NPP:
building the future together!”.

The department employees meet with the public of the observation zone, students of
higher educational establishments.

The enterprise personnel gets information through the plant media — radio broadcasts and
newspaper, and through the electronic means — an electronic screen, a plasma panel at check point
1, as well as information boards at check points 1, 2, Production and Laboratory building.

The newspaper “Energia” is published weekly in a printing form with an average
circulation of 2000 copies and in an electronic form on SS Rivne NPP website. The information
content of the newspaper is constantly improved. Hourly radio broadcasts go on air twice a week
(Tuesday and Friday). The editors of television and radio broadcasting, in addition to their own
programs, create programs “Pulse of RNPP”, which are broadcast on the regional television in
Rivne and Lutsk. During 2014 16 and 78 such programs were created and transmitted to
mentioned channels. During 2015 16 and 24 such programs were created and transmitted to the
mentioned channels. During 2016 21 and 24 such programs were created and transmitted to the
mentioned channels. During 2017 — 24 programs.

The television programs of the editorial staff were regularly transmitted to the Press
Service of SE “NNEGC “Energoatom” to be placed on national channels. Continuous attention is
paid to SS Rivne NPP safe operation, preparation and conducting outages, financial and economic
state of the plant, coverage of international reviews, particularly IJAEA and WANO missions.

Particular attention is focused on forming the personnel’s commitment to the safety
culture principles. Issues of industrial safety, labor discipline, health protection and rest of NPP
workers, their social protection were raised. Specific attention has been paid to the usage of funds
provided to compensate the risk of the public living within the plant observation zone.

In 2014, the advertising campaign continued to improve the image of the nuclear power
industry by placing advertising information on the big boards in Rivne, Sarny and the village of
Volodymyrets.

The information on the electronic board is updated daily (check point 1).

The presentations dedicated to public and professional holidays, information about
meetings, visits of colleagues, messages from the trade union committee, results of photographic
materials on the history of the Rivne NPP, and mass cultural events are demonstrated on the plasma
panel.

The Information and Public Relation Department personnel participate in the events
conducted at SS Rivne NPP or under the assistance of SS Rivne NPP to cover them in the mass
media.
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In order to present the plant the department employees participated in the exhibition
“Energy Forum of Fuel and Energy Complex of Ukraine: Present and Future».

The Information and Public Relation department specialists as a part of information
support brigade participated in the plant emergency response drill. During a year the personnel
provided the preparation and printing of booklets for Emergency Preparedness and Response
Department, photo album devoted to the 10" anniversary of power unit 4 commissioning, updating
of Walk of Fame and Wall of Fame, the personnel of the RTR editors office produced videos
devoted to the anniversaries of departments and subdivisions. The Information and Public
Relations department comprehensively assisted SS Rivne NPP in organization and conducting
“Come in vyshyvanka” event devoted to the Constitution Day of Ukraine and covered it in the
media.

During 2017 the personnel updated Walk of Fame and Wall of Fame, the personnel of the
RTR editors office produced videos devoted to the anniversaries of departments and subdivisions.
The Information and Public Relations department together with social facilities administration
organized and conducted patriotic flashmob “Chain of Unity” before the Day of Unity of Ukraine
and for the Constitution Day of Ukraine — ethnic defile of vyshyvanka.

Within the limits of the available financing, subscriptions of periodicals for 2015-2018
were carried out for departments and subdivisions of the plant.
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2. PHYSICAL AND GEOGRAPHIC FEATURES OF SS RIVNE NPP
LOCATION AREA

2.1 Physical and Geographic conditions

SS Rivne NPP is located in town of Varash (former Kuznetsovsk) so that (Figure 2.1) the
impact of production activity of nuclear power plant extends to two oblasts of Ukraine — Rivne
and Volyn.

Thirty kilometers zone of Rivne NPP is located within the physical and geographic zone
of mixed forests, in the region of Volyn Polissia. This region has a number of physical and
geographic features which differ it from other regions of Ukrainian Polissia.

In the geomorphological structure of the territory the alluvial plains, extended hilly-
moraine, moraine-outwash relief forms have a significant proportion, denudation forms on the
Cretaceous base and karst forms are common [52].

The surface of the researched territory is flat slightly wavy lowland, inclined to the north.
Compartmentalization of the territory is small. Heights range within 160-200 meters.

The climate within the physical and geographic region of Volyn Polissia is less
continental, longer frost-free period and the amount of precipitation. Moisture coefficient of this
territory is more 2.4 [53].
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Figure 2.1. Location of Rivne nuclear power plant.
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All the researched area is crossed by the river Styr — from the South-West to the North.
The river system is very dense (tributaries of Styr and Horyn). The researched territory has many
lakes, the biggest one is the lake Bile. The territory is quite marshy. Marshes and swampy lands
occupy more than 15% of the territory.

30-kilometers zone of SS Rivne NPP is characterized by significant amount of forests.
The forests and bushes occupy about 40% of the territory. Among forests, large areas are occupied
by pine-oak and oak-hornbeam forests [52].

Based on the data on landscape study twelve physical and geographic regions have been
identified within the researched territory.

The Biloozersky physical geographic region is situated on the north-west of the
researched territory. In Geomorphological terms, the area is the second terrace above the
floodplain of the river Pripyat which imposed terraces of the river Styr and smaller rivers flowing
into the river Pripyat. Within the region, the dominant are the alluvial plains (floodplain terraces)
of various levels composed of sands. The surface is compounded by moraine hills (kams), formed
by sandy sediments with stony sands with soddy-podzolic soils. Soil surface of this territory is
characterized by soddy slightly- and medium-podzolic sandy non-gley and gley soils, and soddy
podzolic sandy soils under fresh, wet and damp forests. Also, peat bog soils and peatlands of
various thickness are widespread, among which there are raised and transitional, as well as
meadow-bog soils under black alder forests and sedge-marshgrass meadows.

Nyzhnostyrsky physical geographic region is the area of distribution of modern alluvial
plains (floodplains of the Styr river) of high and medium levels, as well as low wetlands of the
floodplain, composed of loamy and sandy alluvium with turfy and meadow silt sandy, sandy and
loamy, meadow swamp sandy and light loamy soils under the herb bunchgrass and the sedge
wetgrass meadows, mostly reclaimed.

Komarovsky physical geographic region is a terrace lowland of the river Styr with the
lowland of its tributary Okonka which in its lower course creates the common terrace with the
river Styr. The dominating are relatively high and low ancient alluvial plains, sometimes turning
into marshy, among which the dunes can be found. The territory of the region is composed mainly
of sands with sod-podzolic and soddy podzolized, non-gley and gley sandy soils under fresh, wet
and dump forests.

Verkhniostrysky physical geographic region is the area of modern alluvial plains of the
Styr river floodplain of medium and low levels, composed of loamy and sandy alluvium with turfy
and meadow silt sandy, sandy and loamy soils, meadow swamp, swamp and peat bog sandy and
slightly loamy soils under the herb bunchgrass and the sedge wetgrass meadows, mostly reclaimed.

Telchinsky physical geographic region spreads from the center of researched area to its
south border. The region is mostly covered with ancient alluvial plains (floodplain terraces) of
different levels, composed mainly of sands with soddy-podzolic non-gley and gley, and soddy
podzolized sandy soils under fresh, wet and dump forests. Fragmentarily there are ancient alluvial
plains, composed of loamy sediments. They are characterized by the richest turf and sod carbonate
silty sandy and sandy soils, occupied by agrocenoses. The subordinate position is occupied by
areas of low marshy terraces and floodplains of small rivers and streams with meadow bog, peat
bog soils and peatlands of different thickness under black alder forests and sedge marshgrass
meadows. The region is characterized by significant spread of swampy and dry depressions
including those of karst nature.
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Polytsky physical geographic region occupies the south-east of 30-kilometer zone of SS
“Rivne NPP”. Within this region there are landscapes of low inter-river plains, flat and hilly,
partially marshy. They are composed of water-glacial sands with sod-podzolic, mainly silt sandy
and sandy soils, that are characterized by considerable fertility and therefore are mostly plowed.
The region is also characterized by the presence of inter-river plains composed of sands, underlain
by water-glacial and lake loamy sediments, with sod-podzolic sandy and sandy soils of varying
degrees of gleying, which are different by rich environmental conditions (nemorose). Here, as well
as in the previous region, there is a significant spread of depressions with peat-gley soils and
peatlands under the wetgrass-marshgrass vegetation and black alder forests.

2.1.1 Rivne region

Rivne region is situated in the north-western Ukraine. Its area is 20,051 km?, which is
3.1% of the total area of Ukraine [54].

The territory is comprised of 16 administrative regions and four towns of regional
subordination: Rivne, Dubno, Varash (former Kuznetsovsk), Ostrog.

In total there are 1027 settlements in the region, among which 11 towns, 16 urban-type
settlements, 1000 rural settlements. As of January 01, 2016 the population of the region was 1161.8
thousands of people.
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Figure 2.2. Rivne region.

The climate is moderately continental: mild winters with frequent thaws, warm summers,
average annual precipitation is 600-700 mm. Winter comes at the end of November, and a steady
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snow cover is formed in the last days of December - the first ten days of January. The summer that
comes at the end of May lasts until September. This is a period of high air and soil temperatures,
precipitation, and crop ripening. Clear, cool early autumn weather is set in early September. In the
Geomorphological terms, the region is divided into three parts: Polissia, Volyn Lesove Plateau
and Small Polissia, located in the south, between the towns of Radyvyliv and Ostrog, where the
spurs of the Podilsk highland are wedged with heights of more than 300 m above sea level. The
location of Rivne region on the boundary of the Eastern European platform and the Carpathian
geosynclinal region led to a turbulent and ambiguous course of geological history reflected in the
heterogeneity of the tectonic structure and the formation of a rather complex set of geological
sediments in most of it.

The territory of the region is located within two large platform structures - the Ukrainian
Shield and the Volyn-Podilsk Plate, and only a small area on the north-eastern outskirts of Rivne
lies within the Pripyat Trough. The mineral resource base of the region consists of the minerals of
the fuel and energy sector (peat), precious stone (amber), basalt raw materials for the production
of mineral wool and fiber, raw materials for the production of building materials (cement raw
materials, glass, construction chalk, building stone, etc.), fresh and mineral groundwater.

Hydrologically, Rivne region is located in the area of three artesian basins of
groundwater: Volyn-Podilsk, Pripyat and Ukrainian basin of fractured waters. The undiscovered
groundwater resources of the region are estimated at 1314.9 million m’/year. Approved
groundwater reserves are 195.8 billion m®/year. Rivne region as well as other oblasts of the
western and northern region of Ukraine is rich in surface waters. The region has 171 rivers with a
length of over 10 km, there are also 150 lakes, 12 reservoirs, and 1,688 ponds. The rivers of the
region belong to the Prypiat basin and are fed mainly by melted snow waters and, to a lesser extent,
by groundwater and precipitations. The largest of them are Styr with the tributary Ikva, Stvyga
with the tributary Lva, Horyn and its tributary Sluch. The main direction of the flow from south to
north is due to the general decline in the area from the Volyn Lesove Plateau to the Polissia
Lowland. The largest among the lakes are Nobel (4.99 km?) and Bile (4.53 km?). There are also a
significant number of lakes in the floodplains of the Goryn, Styr, and Veselukha rivers. The lakes
are used for recreation, fishing.

Marshes are widespread throughout the region, most of them are lowland, less common -
transitional and upland. It should be noted that the marshiness is very uneven and ranges from 40%
in the north to 2-3% in the south. Soil cover is heterogeneous. The most common are sod-podzolic,
podzolic, sod, peat and peat bog soils. The sod-podzolic soils are characteristic for Polissia. The
south of Polissia is represented by sod and peat bog soils. Light gray soils and podzolized
chernozem formed in the forests of the Volyn Plateau, are almost all plowed. The flora of the
region has more than 1.6 thousand species of higher plants. The vegetation is mainly forests and
other wooded areas. In Polissia the pine and pine-oak forests are most common, in the Volyn
Lesove Plateau there are mostly deciduous forests, and in Small Polissya there are oak-pine forests
with more grass than in Polissia. The fauna is typical for the forest zone and is widely represented
by mammals, birds, reptiles, amphibians, cyclostomes and fish. The Polissia zone is characterized
by a large variety of fauna, among which there are rare in modern Ukraine representatives of
vertebrates (elk, lynx, wood grouse, black grouse, hazel grouse, etc.).

In the forest-steppe zone of the region, the number of hares, foxes, mouse-like rodents
and steenbrases is growing, but the species composition of the forest fauna is much poorer than in
the forests of Polissia (more often there are only squirrels, martens, somewhat less wolves, wild
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boars, etc.). At the same time, there are some vertebrate species that are spread throughout the
region, not having certain regional ranges. Among such representatives of avifauna are waterfowl,
marsh and meadow birds (ducks, waders, quails, etc.).

2.1.2 Volyn region

Volyn region is situated in the north-western part of Ukraine and borders on the Republic
of Poland in the west, the Republic of Bilorus in the north, Rivne region in the east, and Lviv oblast
in the south [55 - 60].

The area of Volyn region is 20.1 thousand square kilometers or 3.3% of the total area of
Ukraine.
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Figure 2.3. Volyn region.

The region occupies the western part of the East European plain and is situated in the west
of plain spaces of two natural-geographic zones of Ukraine-Polissia and Forest-steppe. Its major
part (almost three-thirds of total area) is located in the Western Polissia lowland, the smaller part
is located in the forest-steppe zone on the Volyn Lesove Plateau. The territory of the region is
crossed by a part of the Main European Divide, which divides the river basins of the Black and
Baltic Seas.

Volyn region is characterized by a relatively warm temperate continental climate with a
sufficient amount of heat and moisture.

Volyn is rich in rivers and lakes. Its rivers belong to the Prypiat basin and partially to the
Western Bug. The density of the hydrographic inland fresh water system here is two times greater
than the average in Ukraine. It is composed by the rivers Prypiat, Styr, Stokhid, Turia, Vyzhivka,
the tributaries of the Western Bug and others.

There are 137 rivers and 268 lakes in the region. The largest and most picturesque lakes
are Svitiaz, Pulemetske, Turske, Lucemir, Peremumut, Orikhove, Volianske, Bile, Liubiaz.
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2.2 Geomorphological conditions

The process of relief formation of the 30-kilometer SS Rivne NPP zone was influenced
by both endogenous and exogenous factors of relief formation. If the internal forces of the Earth
determine the main structural features of the surface (elevation, decline, etc.), the external factors
(water, wind, glaciers, etc.) designed the sculpture of the modern relief - they formed valleys, hills,
lake and marsh hollows.

SS Rivne NPP 30-kilometer zone is situated within the Russian platform to the west and
north-west from Ukrainian Crystalline Shield. This part of the platform does not have commonly
recognized geotectonic name. In the scientific literature it is called Galytsko-Volyn Depression,
Volyn-Podil Plate, Volyn-Podil Shelf, slope of the Ukrainian Crystalline Shield. According to the
geomorphological zoning, the entire researched area belongs to the subregion of Volyn Polissia,
which occupies the south-western part of Odesa oblast of the Polissia accumulative lowland.

The Pre-Cambrian crystalline basement lies at different depths, but is not exposed
anywhere within the zone of research. The contour lines of the crystalline basement surfaces have
a sublatitudinal direction and rise to the north [61]. Only in the extreme south and in the south-
eastern part of the 30-km zone of SS Rivne NPP the basement depth exceeds 500 m. The crystalline
basement is compounded by stepped faults of the north-west strike [61].
Igneous rocks poured over these faults are mainly represented by basalts (the Riphean sediments).
Rivne basalts are exposed or lie close to the surface to the north of Rivne near the villages of
Berestovtsi, Zlazne, Stepanska Guta, Mutvytsa, Polytsi, Suhovoli. They are open at a depth of 10
meters by the well in the floodplain of the river Styr. They lie in separate small arrays and form 4-
7-sided prisms in the form of pillars with a visible height of 15-20 meters [61]. At the mine site it
can be seen that on the domed basalt surface there are “bombs” of 14-15 cm in diameter. The upper
part of the basalts has traces of weathering. Rivne basalts have important geomorphological values.
The area of development of basalts is generally elevated, in some places the basalts form gentle
dome-shaped elevations in the form of hills with a diameter of several hundred meters and a
relative height of 20-25 m. A sedimentary of Paleozoic, Mesozoic, and Cenozoic age lies on the
uneven surface of the crystalline basement.

Paleozoic rocks of sedimentary (marine) origin lie in a monoclinical manner within the
Polissia Lowland on the crystalline basement. The farther west of the crystalline shield, the more
young Paleozoic sediments lie beneath the Cretaceous, and the ancient are deepen.

Cretaceous sediments are represented by a relatively uniform layer of chalk and flint marl,
less often - of sandstone layer. The thickness of the Cretaceous sediments increases from east to
west and reaches 20 m in Sarny and 80 m in Manevychi. The Cretaceous sediments are
predominantly horizontal, but in some cases violations are observed. In the Cretaceous sediments
karst relief forms were developed. Cretaceous deposits play an important role in the
geomorphological structure of the researched 30-km zone. They are almost continuously
distributed here, lying above the local basis of erosion, in most of the territory they serve as
bedrock for anthropogenic deposits and in many places define the modern relief. Only in the
northern part of the researched area the Cretaceous sediments are covered by Paleogene sands and
clays of Kiev and Kharkiv age [61].

Anthropogenic deposits, which have a relatively small thickness, are characterized by a
wide development of alluvial deposits and a large proportion of the glacier complex, represented
by sandy material with boulders. Clay moraine is very rare, there are almost no forest deposits [62].
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The low thickness of anthropogenic deposits indicates a predominantly positive direction
of the latest tectonic movements.

Thus, the main geomorphological features of the 30-kilometer zone of SS Rivne NPP are:
a significant proportion of alluvial plains in the surface structure, the extensive development of
hilly-moraine relief, the presence of denudation relief forms on the Cretaceous foundation and the
development of karst relief forms.

In geomorphological zoning within the sub-region of Volyn Polissia, the Upper-
Prypiatska accumulative (alluvial-moraine) lowland, Volyn (Lyuboml-Stolynsk) moraine strand,
Sarny accumulative lowland and Kostopilsk denudation plain are distinguished. All these
geomorphological areas are represented within the 30-kilometer zone of SS “Rivne NPP”.

Verkhnioprypiat accumulative lowland is an integral part of the Pripyat lowland, which
is a lower part of the Polissia lowland. From the south, Verkhnioprypiat lowland is bounded by
the Volyn moraine ridge along the line Karasin-Serkhiv-Bilska Volya-Zelene.

The surface of the region is a flat plain with separate hills of sands and moraine outliers.
Prevailing absolute heights are 150-170 m. Pre-Quaternary sediments do not break the surface
almost anywhere in the area. They are represented by tertiary sands and clays or chalk deposits.
The thickness of anthropogenic deposits reaches 25-30 m. The main role among them is played by
alluvial deposits of the river Styr and its numerous tributaries. The dominant forms and types of
modern relief here are marshy floodplains, floodplain terraces, dune formations.

Volyn moraine ridge. The absolute height of the highest areas reaches 200-220 m.
Therefore, from the north, the ridge clearly stands out in relief against the background of the
Verkhnioprypiat lowland, reaching a relative height of 30-35 m, and in some places the difference
between the elevations of moraine hills and the bottom of river valleys is 50-60 m. The southern
border of the moraine ridge passes near Sofianivka-Chartoryisk-Zholkin.

The ridge is especially clearly distinguished in the relief in the area from Manevychi to
Dubrovytsia, where it is bounded by the lowland Styr-Slovechna. The area is not a ridge in the full
sense of the word. It consists of separate hills, small ridges, ramparts, lows between them. The
river valleys, cutting through the ridge, divided it into separate sections. The largest among them
within the 30-kilometer zone of Rivne NPP are Manevitsky — in-between the rivers Stokhid-Styr,
Volodymyretsky — in-between the rivers Styr-Horyn.

The basis of the moraine ridge is uneven, elevated surface of the Cretaceous sediments,
and in some areas - Paleogene sediments, preserved from the spill in the form of islands.

The most extensive in the area are moraine hills, small moraine ridges. Between the hills
and ridges there are low areas, which are of the moraine-outwash plain origin. In the lower areas
there are lakes and swamps. However, the swampiness of this area of the 30-kilometer zone is
significantly less than the previous one. In addition to glacial and water-glacial landforms in this
area, there are a denudation relief forms of Cretaceous rocks, and aeolian and karst landforms.

An important role in the relief is played by river valleys, which have their own
morphological features within the zone. As a rule, river valleys, breaking through the moraine
ridges, become narrow and have high slopes. It is especially well-marked in the valley of the river
Styr in the area from the Old Chartoryisk to the Old Rafalivka, where it crosses the moraine ridge.

The Sarny accumulative lowland is a flat lowland with dominant elevations of 150-180
m above sea level.

The bedrock is sharply exposed here, and the main role in the structure of the surface
belongs to anthropogenic sediments of alluvial and water-glacial origin. They lie on Paleogene
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sands and clays, and in places of deeper washout on the Cretaceous base. Unlike the previous
region, there is almost no moraine in the Sarnensk accumulative lowland and there are no glacial
relief forms. The thickness of anthropogenic deposits almost everywhere exceeds 20-25 meters.
The geomorphological features of the area are determined primarily by the fact that it occupies
part of the Styr-Slovechna lowland [62]. Its morphology is compounded by modern valleys of the
rivers Styr, Horyn, crossing the lowland. The floodplains of these rivers are wide and reach
2- 5 km. The presence of sands contributes to the development of eolian relief forms. They are
represented by sand ridges, ramparts, valleys. In some areas, the sands are broken and intertwined.

The Kostopil denudation plain occupies a small part of the zone in the extreme south of
the 30-kilometer zone of SS Rivne NPP with absolute altitudes 155-220 m above sea level. In this
area, except for the Cretaceous sediments, basalts, shales and sandstones of Riphean and Cambrian
are located in some places above the local basis of erosion. Among anthropogenic deposits, water-
glacial and alluvial deposits are most common.

The territory on which the SS “Rivne NPP» site is located, is the elevated surface of the
Cretaceous sediments which forms a pedestal for glacial deposits (Volyn moraine ridge). Layered
sands with pebbles and gravel are part of the geological structure of this territory, covered on the
surface with sand with boulders.

2.3 Flora and fauna, reserve areas
2.3.1 Flora

The territory of the 30-kilometer zone of SS Rivne NPP is located in Volyn Polissia,
which is the south-western edge of the mixed forest zone. The flora of the researched area is
characterized by typical features of the Polissia nature - the predominance of marshes, meadows
and forests of boreal species, vegetation is a well-marked boreal complex with a predominance of
pine and mixed forests and mesotrophic marshes.

The natural vegetation of the researched area is still largely preserved. Plowing ranges
from 10% in the northern and eastern parts, 25-30% in the western and increases to 50-55% in the
central part. The forests are dominant in the vegetation cover. The average forest coverage is 40-
50%. The swampiness decreases from the north (20%) to the south (0.5-4%). From east to west,
this pattern is not observed. The meadows are distributed relatively evenly and are concentrated
both in the floodplains of the rivers and on land. There is extended water vegetation and voids in
the sands. Due to the unsuitable arable land, the proportion of commensal vegetation has now
increased.

The main feature of the forests of the 30-kilometer zone of Rivne NPP is their edaphic
specificity, due to the predominance of fluvioglacial and moraine sandy sediments of light
mechanical composition among the Quaternary rocks. The pine forests are dominant on such
sediments. The distribution of leaf forests - primarily oak and hornbeam - is very limited. The
limiting factors are not climatic conditions favorable for their germination, but soil poverty.
Therefore, areas of leaf forests are found fragmentarily in combination with pine and oak-pine
forests in the central and southern parts of the territory and are located on moraine hills. Due to
the poor drainage of most of the territory, alder forests are widespread. Spruce forests are found in
the northern part of the territory. Relatively small areas are occupied by pine forest derivatives -
birch forests. After logging, as a rule, pine cultures are created, which prevail everywhere among
young and middle-aged plantations.
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According to the nature, the pine forests (Pineta sylvestris) of the research area belong to
the subtaiga pine forests [63] of broadleaf-pine forests, to which the research area also belongs.
The composition of the flora of pine forests combines boreal, nemorose species and species that
grow in the Forest-Steppe. Boreal species dominate in the grass-shrub layer or are found here
plentifully.

The major role in the cenoses of pine forests is played by mosses, often forming the
ground layer. They are represented by real and sphagnum mosses.

Pine forests are represented by all types - from lichen and sphagnum to complex
broadleaf-pine, enriched with nemorose species. In the research area, which is a lowland plain, cut
by moraine hills and sandy ridges, pine mono-dominant forests occupy a prominent place in the
vegetation cover. Different types of them occupy all elements of the mesorelief, except for
depressions which are occupied mostly by eutrophic or mesotrophic swamps.

The largest areas are occupied by green-moss and myrtillus and green-moss pine forests.
The rest of the community of pure pine forests is less common or is found fragmentarily.

Oak-pine forests (Querceto roboris - Pineta sylvestris) are found throughout the research
area, but are most common in the central and southern parts. Characteristic features of oak-pine
forests are the presence of a two-layered stand, the underwood layer, as well as the relative species
diversity of the grassy-shrub layer, which combines boreal and nemorose species. They occupy
the foot of the slopes and flat areas.

The woody layer of oak-pine forests is formed by pine (sublayer I) and oak (sublayer II).
In addition to these two species, drooping birch, aspen trees are found in the stand, and alder trees
are found in the lower lands.

Underwood is distinguished only in intact forests. It is usually formed by hazel, in
lowlands by buckthorn.

The grass-shrub layer of these forests is usually well developed, it is richer and more
diverse than in the cenoses of mono-dominant pine forests. Boreal species usually dominate -
blueberry, bracken, wood sorrel. The most common here are oak-pine blueberry forests, less
common are bracken-blueberry and wood sorrel forests.

In addition to the described main pine forests associations, there are others, less common,
such as pine lichen forests, molinia, sphagnum, heather, cowberry, oak-pine green moss forests,
lily of the valley and rare for Polesie and Ukraine pine and oak-pine juniper forests, spruce - pine
forests, pine-baulchik forests.

Oak forests (Querceta roboris) are spread in small tracts on the territory of the 30-
kilometer zone of SS Rivne NPP among the pine and oak-pine forests. Oak forests are located on
the upper parts of the relief, occupying areas with sufficient drainage soils and, at the same time,
the richest sod-podzolic sandy-loamy soils.

The main areas of oak forests are concentrated in the southern and central parts, where
carbonate rocks or basalts come close to the surface. On these grants the oak is highly competitive
and forms a clean, high-performance tree stand. Together with the oak the hornbeam often co-
dominates, there are also single birche, aspen, pine, linden trees.

The underwood is formed by a hazelnut with a little of buckthorn. Herbage is formed by
nemorose and boreal species.

Among oak forests, associations of acidophilic ecological-genetic link predominate [64],
which are formed on poor and very acidic soils. These are the hazelnut-blueberry, hazelnut-
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dithering-grass, hazelnut-bead ruby, blueberry-buckthorn and buckthorn-dithering-grass oak
forests.

Neutrophilic oak forests grow on medium-rich acidic and slightly acidic soils, and are
represented by hazel-hairy sedge, hazel-star, hazel-snytevy oak forests.

Hornbeams grow in the most drained conditions for oak formation. In the herbage widely
local nemorose species dominate which belong to the shade-loving complex. Boreal species are
often found, but do not play a significant role.

Black alder forests (Alneta glutinosae) are found throughout the territory and are located
in depressions of watersheds and river valleys, most often in the inland areas of floodplains. They
grow on soils varying from sod-podzolic-gley to silty-gley. In the relief, alder forests are located
below pine and oak-pine forests. The floodplain alder forests are fed by flowing waters, and the
lowlands alder forests by weakly flowing and still waters. Such environmental conditions are
optimal for alder trees growth. Their tree stand is highly productive, formed by alder trees mixed
with aspen, fluffy birch, oak, ash trees. The underwood is more often buckthorn, sometimes
raspberry. Herbage is formed by forest, hydrophilic, marsh, meadow-marsh species.

Depending on the species dominating in the herbage, the alder forests have a typical
spatial distribution in the 30-km zone.

In the northern part, sedge and fern alder forests are most common. They belong to the
alder forest of medium flowing water feed. Changing water regime and rich mineral nutrition
contribute to good growth of the stand and development of the poor herbage.

In the southern part the tall grasses alder forests are most widespread. They belong to the
alder forests of strong flowing water feed, they are characterized by high soil fertility, fast spring
runoff of water, lowering of the level of groundwater in summer. The most common are nettle
alder forest, meadowsweet alder forest. Their stand is characterized by high productivity, the
underwood is open. Meadow-bog species are represented in a little differentiated herbage. Moss
cover is not expressed.

In the northern part of the research area there are small islands of spruce forests (Piceeta
abietis). Their characteristic features are high density of crowns, and, as a result of this, strong
shading, loose soil structure, the absence of a distinct layer of underwood and insufficiently
developed grassy-shrub layer, which is dominated by evergreen species, reproducing mainly
vegetative, and a well-developed moss cover.

Spruce forests of this territory (as well as throughout Polissia) occupy a kind of ecological
niche at the border of the formations of the three main forest-forming species of Polissia - pine,
oak and alder trees. Therefore, these species are the components of the tree layer of the majority
of spruce phytocenoses. A characteristic feature of spruce forests is that they are formed in specific
edaphic conditions - mainly on fairly wet soils in river valleys, lowland and transitional swamps.
Spruce appears as a component of pine, oak and alder forests on sufficiently large areas in different
edaphic conditions.

In phytocenotic terms, spruce forests are represented by superior associations such as
oxalis spruce and blueberry spruce forests.

Drooping birch forests (Betuleta pendulae) are found throughout the research area, but
they do not occupy large areas. Most of the birch forests are young and meddle age plantations.
Birch forests with monodominant stands are rare. Most often in the stand formed by birch trees, a
significant part is taken by pine trees, in more humid ecotops by pubescent birch, alder trees.
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In the course of time, birch forests are gradually replaced by pine trees, at the time when
they come into the ripening categories, the change of species has already been completed.

The grassy-shrub cover of birch forests is diverse in species composition. Its structure
includes forest species, but meadow and edge species often also penetrate these light forests.
Forming on the areas of pine forests, birch forests often "inherit" their grass-shrub layer.
Sometimes the role of dominants of this layer belongs to species assektator of pine outforests,
primarily grasses, which managed to seize dominance in the changed conditions.

In the phytocenotic relation, birch forests are represented by the blueberry, molinia,
bracken and dithering-grass associations.

White birch forests (Betuleta pubescentis) are found in separate areas, mainly in strips
along the edges of swamps and in small flat depressions among pine forests. They represent a kind
of Ecotone between the marshy pine forests and forest sphagnum and lightly-forested swamps.
The tree stand of these humid forests contain a significant admixture of pine, drooping birch, alder
and aspen trees. White birch forests are represented by two groups of associations - white birch-
polytric moss and white birch-sphagnum. The first is formed at the junction with pine and drooping
birch forests. The aspect in these forests is formed by polytric moss.

Communities of the second group are the transition from swampy forests to sphagnum
bogs. Marsh species dominate in their grass-shrub layer, the number of forest species is extremely
small. Moss covers form sphagnum mosses.

Marshes are a characteristic element of the landscape of the area. They form large
hydrological complexes with the surrounding forests. They are represented by eutrophic and
mesotrophic types.

In the zone of research, eutrophic marshes are located in unfavourable areas as valleys of
river basins, depressions. Their largest areas are concentrated in the floodplain of the river Styr, in
its northern and southern parts. Among the eutrophic marshes, the grassy bogs are dominant:
sedge, to a lesser extent reed, mannagrass, and sedge root. Grassy-moss (sedge-hypnum) marshes
occupy small areas.

The most common are sedge cenoses, formed in conditions of significant moisture of rich
floodplain and diluvial waters. The largest areas are occupied by cenoses with a predominance of
Carex acute. Among the high-grass swamps, cenoses of reed sweet grass prevail.

Grass-moss, mainly sedge-hypnum, swamps are found everywhere, but do not occupy
large areas. They are formed in conditions of stagnant moisture and a significant layer of peat. The
degree of watering of grass-moss communities is lower, and the conditions of mineral nutrition
are worse, therefore, the moss layer is always well developed. In the herbage of these marshes,
sedges play a major role, the dominants are bottle sedge and tussock sedge.

Forest eutrophic swamps are found rarely in the northern part of the researched territory
and are represented by alder swamps. Reed and hydrophilic forbs predominate in the herbage.

The presence of poor sandy soils in the soil cover, as well as the geomorphological
features of the territory - the formation of bogs in closed drainage basins - explain the wide
distribution of sphagnum mesotrophic communities in the vegetation cover. Mesotrophic bogs are
represented by groups of lightly-forested sphagnum and grass-sphagnum bogs formations.
Lightly-forested marshes are formed along the periphery of large marsh massifs under the
conditions of less moisture. They are usually surrounded by swampy forests around the periphery,
and in the direction to the center of the massifs they are changed into open sphagnum transitional
swamps. Lightly-forested cenoses are found on highly moistened swamps with deep peat deposits
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and have an open layer of bushy pine trees, there are clumps of grey willow. The grass-shrub layer
is developed to varying degrees, the floral core is composed of marsh and forest-marsh species
with a predominance of slender sedge. The number of forest species is small. Sphagnums
predominate in a rather dense and monotonous moss cover.

Forestless grass-sphagnum communities are common in large swamp areas. They
predominate in open water-flooded hollow marshes, which are often difficult to pass. These
swamps are represented almost exclusively by slender sedge-sphagnum formations. Grain-
sphagnum communities such as reedgrass and reed-sphagnum occupy much less area.

Meadow vegetation of the research area is represented by floodplain and continental
meadows. Floodplain meadows are found mainly in the floodplains of the river Styr and its
tributaries, especially in the middle of the most elevated part, where the river cuts through the
outwash. Here real and swampy meadows dominate, less part is taken by peaty meadows.

Real meadows are located on medium-high relief elements and are formed on fresh and
moist sod and meadow soils. They are presented both by tall grass and small grass real meadows.
In the communities of tall grass meadows, meadow fescue and creeping bent grass prevail; in the
communities of small grass meadows, colonial bent grass, red fescue, and meadow bluegrass
prevail. These communities have a rich floristic composition.

Marshy meadows are formed in areas with excessive constant moisture on marsh silt-gley
soils, located in pre-terrace or central parts. Herbage is formed mainly by reed canary grass and
marsh bent grass.

Peaty meadows are formed in areas with stagnant moisture with peaty and peaty-gley
soils. Tufted hair grass is dominant.

Continental meadows appeared at the mixed forests area on different elements of the relief
and soils. They are represented by upland and lowland meadows. Land meadows are dominant in
the occupied area. They are located at water dividers, in hills and slopes, as well as in dry lowlands
and are represented by real and rough meadows.

These meadows are located mainly on the slopes of water-dividing ridges, flat areas.
There are mostly soddy sandy loam soils podzolized to varying degrees [65]. The colonial bent
grass formation is dominant in these meadows. Smaller areas are occupied by the communities of
red fescue and velvet grass formations.

Lowland meadows are better represented in the conditions of hilly-ridge shaped relief
among the bedrocks of dense and water-resistant formations with a high level of groundwater.
Lowland meadows are characterized by constant moisture, the predominancy of sod-gley soils and
signs of bogging. Among the lowland meadows there are mostly peaty meadows, there are also
small areas of rough meadows. Among the peaty meadows, hair grass meadows prevail, but they
do not occupy large areas. They are located mainly in flat depressions, where water stays for a
long time. The groundwater of these depressions usually fall gradually, resulting in the gleying of
the soil to a considerable depth.

The lowland rough meadows, characterized by acidic and poor soils, are found mainly in
conjunction with peaty meadows. The lowland rough meadows are represented only by the
formation of mat grass communities.

The presence of lakes, cut-off lakes, main meliorative canals contributed to the formation
of aquatic vegetation. Among bank and aquatic vegetation the reed mace, reed, club-rush
communities are dominant. On the water surface there are white-water lilies, snow-white-water-
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lilies, brandy-bottles, squill communities. Aquatic immersed communities are represented by
pondgrass.

At the location of pine forests, due to the lack of nutrients in sod-podzolic soils, grassy
and less often shrub voids are formed. Among grassy voids, the most common are communities
with grey hair-grass, less often thyme, communities of Polissia fescue grass and mat grass. Heather
voids dominate among shrub communities.

Anthropogenic changes in the vegetation cover of the research territory in modern
conditions are vectorized in the direction of expanding the areas of pine monocultures at the
location of mixed forest communities. Due to overgrazing meadows undergo significant
transformation. The floodplain forest area has been reduced. Due to the neglect of arable lands,
the proportion of segetal and ruderal vegetation increases.

In natural plant communities, there are 486 plant species. The dominant are Angiosperm
species, which account for more than 95, that is fully consistent with the data for the flora of the
Ukrainian Polissia.

The flora of the research area belongs to the migration type, formed due to the floras of
the humid, arid and arctoalpine groups. Leading positions in the flora are taken by boreal species.
Among them there are mainly species with the Holarctic and Eurasian types of habitats. Boreal
elements form the types of meadows, swamps and softwood forests. The boreal flora is dominant
due to edaphic conditions. Depending on environmental factors, mesophytes and mesotrophes
predominate. A characteristic feature of Polissia is the presence of nemorose elements, which are
inferior to the boreal, but play a significant role mainly in deciduous oak and hornbeam forests.
Of particular interest is the presence of the southern elements in the pine forests: the fragrant
daphne, low skorzonera, clover lupine, Micheli sedges etc. The flora of dry open sandy deposits,
along with the boreal elements, is formed by psammophytic: false-cornflower jurinea, sheep’s bit,
Lithuanian silene, Ukrainian goat’s-beard etc.

The brioflora of the research area is characterized as nemorose-boreal one with a
significant predominance of the boreal element, that corresponds to its location in the zone of
mixed forests. Brioflora of forest formations is the richest and diverse. This is explained by the
presence of a number of ecotopes that are favorable for the development of bryophytes, namely:
forest soil, the bark of living trees, rotten wood.

Thus, the flora of the 30-kilometer zone of SS Rivne NPP is an interesting object, both
from the floristic and phytocenotic points of view. The vegetation cover has a strongly marked
boreal complex, in which pine forests and transitional bogs predominate, having on the one hand
a significant number of wetland forests, on the other hand, dry pine forests. The Cenofond is
characterized by the presence of a number of rare communities at the national and regional levels.
In the flora of swamps, meadows, coniferous forests, boreal species dominate, the poor ecotopes
of which has created favorable opportunities for their growth. In sozological respect, flora is
distinguished by the presence of a large group of Red Book species, glacial relics, and border-areal
species.

2.3.2 Fauna

Zoogeographic zoning [66] gives the following systematic position of the 30-km zone of
SS “Rivne NPP”’:
1.Boreal European-Siberian subregion;
1.2. Eastern European District, mixed leaf forest and forest-steppe area;
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1.2.a. Section of Eastern European mixed forest and forest-steppe;
1.2.a.a. Subsection Western or Volyn Polissia [66].

According to S.I. Medvedev [67] the zone of SS Rivne NPP should be attributed to the
Right-Bank Polissia zone of broad-leaved and mixed forests.

The fauna of the research region is represented by complexes typical for Polissia [68].
According to literary data, more than 60 species of mammals and about 200 species of birds live
here.

In entomological terms the Central European forest fauna is well represented here, there
are species which range is limited by the Dnieper from the east (Cychrus attenuatus F., Carabus
intricatus L., C. arvensis Hrbst., Corymbites purpureus Poda, Phausis splendidula L., Hoplia
graminicola F., H. hungarica Burm., Anisoplia villosa Goeze, Amphimallon ruficornis F.).

Within the 30-kilometer zone of SS “Rivne NPP”, 6 main types of the entomocomplexes
are allocated. Among them, 5-terrestrial (forest, bush, meadows, marsh, man-made) and 1 water.
Forest entomocomplexes are among the most common and valuable in the 30-km zone of SS
“Rivne NPP”.

The basis of forest entomocomplexes are insect species consortively associated with the
main forest species - pine, birch, oak, alder trees etc. The forests in the surveyed area occupy a
large area, but they are secondary (planted or covered with coppice) and are often very poor in
entomological terms. This is especially relevant to monocultural plantings of pine. The pests are
well presented here — pine tussock moth (Lymantriidae), pine moth (Dendrolimus pini L.), pine
looper moth (Bupalus piniarius L.), as well as pine sawfly (Diprion pini L. and Neodiprion sertifer
Geoffr), short-nosed weevil (Brachyderes incanus L.), pine weevil (Brachonyx pineti F.). Among
stock insects there are larger and smaller pith borers (Blastophagus piniperda L. and B. minor
Hart.), bark beetles (Ipinae), grey borer (Acanthocinus aedilis L.) and other borers (Cerambicidae).
In the fresh pine stumps and logs a large pine weevil lives (Hylobius abietis L). On the edges,
especially in young pine plantings, there was a large amount of grape katydid (Ephippiger
ephippiger F.), and a weevil (Rhinoncus castor F) was quite common in the glades.

At the same time, insect-entomophages in pine monoculture stands have a relatively poor
species composition. Several species of braconids (Braconidae), ichneumonids (Ichneumonidae)
and chalcides (Chalcidoidea) are noted here. The xylophagous-dorictins (Doryctinae) parasites
were more common among braconid. Higher diversity of insects species is distinguished in forest
entomocomplexes of mixed tree stands. The consortium of petiolate oak (Quercus robur L.) is the
richest in species composition. In the ecological and environmental aspects the oak is the most
valuable species of the country. Among leaf-eating insects there are several species of leafworms
(the filbert leafroller - Archips rosana L., palearctic leafroller - A. xylosteana L., great brown
twist - A. podana Sc., Etc.) can be found on oaks in the 30-kilometer area of SS “Rivne NPP”. A
number of species of moths (brindled beauty - Lycia hirtaria Cl., winter moth - Operophthera
brumata L., clumsy oak moth - Ennomos quarcinaria Hufn., etc.), various moths (green owlet moth
- Dichonia aprilina L., gray-brown oak moth - Dryabota protea Bkh. etc.).

Lackey (Malacosoma neustria L.) and some species of tussock moth (Lymantriidae) are
also common. Tischeria moths are found on oak among leaf-eating insects. Oak bark pests,
especially jewel beetles (Buprestidae) and borers (Cerambicidae) are also numerous. The
numerous species on young oaks and other deciduous trees were weevils Strophosoma capitatum
Deg.. In the litter, weevils — strawberry root weevil (Otiorhynchus ovatus L.) and black weevil (O.
tristis Scop.) are common.
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A green grasshopper - Tettigonia viridissima L. - was singularly found, and on the edges
and glades the dark bush-cricket Pholidoptera cinerea L. and wood cockroach Ectobius sylvestris
Poda were typical.

Among insect-entomophages, braconids from Dolichogenidea, Apanteles, Aleiodes,
Meteorus etc. were found on oak trees. Also, ichneumon and chalcid flies (both primary parasites
and hyperparasites) were revealed. Parasitic tahina flies were also found along the edges.

Meadow biotopes, as well as ruderal vegetation, are the richest in species of insects such
as orthopteroid insects (Orthoptera) and beetles (Coleoptera: Carabidae, Curculionidae). Marshes
and floodplain areas are often the habitat of northern (boreal) elements of the entomofauna, while
meadow and anthropogenic ento-complexes include southern (steppe and forest-steppe) insect
species (Aiolopus thalassinus F.).

In the surveyed area, 18 species of insects listed in the watch lists of the Red Book of
Ukraine and the European Red List were identified. Among them, 7 species for the Rivne region
are not listed in the Red Book of Ukraine.

In the 30-kilometer zone of SS Rivne NPP 11 species of amphibians are identified. The
most common is the lake frog (Rana ridibunda), which inhabits most aquatic and near-water
biotopes. Pond frog (Rana lessonae) is much less common. Common species are the gray frog
(Bufo bufo), the brown frog (Rana temporaria), the garlic toad (Pelobates fuscus). In meadows,
swamps and other near-water biotopes, the moor frog (Rana arvalis) is quite common. The red-
bellied toad (Bombina bombina), green tree frog (Hyla arborea), spotted newts (Triturus vulgaris)
and crested newts (Triturus cristatus) are less common.

The reptile fauna of the 30-kilometer zone of SS Rivne NPP is represented by 7 species.
An ordinary marsh turtle that lives in a number of studied by us water bodies and around them, the
sand lizard (Lacerta agilis), which prefers dry and sunny areas, inhabits sparse forests, groves,
small woods, hillsides and gullies, brushwoods. Among the snakes, ringed snake (Natrix natrix) is
found almost everywhere, it lives along the banks of rivers, lakes, in floodplain meadows, in reed
thickets, in forest swamps and other sites. Less common are the viviparous lizard (Lacerta
vivipara) and the blindworm (Anguis fragilis). Occasionally, the common northern viper (Vipera
berus), and listed in the Red Book of Ukraine the smooth snake (Coronella austriaca) are found on
the forest edges and in the brushwoods.

The most numerous group of vertebrates of the 30-kilometer zone of SS Rivne NPP are
birds. As part of the ornithofauna of the region, 11 species were identified which are listed in the
Red Book of Ukraine. In total, we have registered 190 species of birds, including 65 species nesting
in the 30-kilometer zone of SS “Rivne NPP”, although according to literary information 120
species of birds constantly nest in this region [69].

A number of bird species visit the research area irregularly or are migratory [69, 70].

The most numerous and often found are the forest birds: chaffinch (Fringilla coelebs),
tree pipit (Anthus trireialis), great tit (Parus major), blackcap (Sylreia atricapilla), yellow hammer
(Emberiza citrinella), treecreeper (Certhia familiaris), grosbeak (Coccothraustes coccotraustes),
white-collared flycatcher (Ficedula albicollis), greater spotted woodpecker (Dendrocopos major),
wood warbler (Phylloscopus sibilatrix), buzzard (Buteo buteo), raven (Corvus corax), jay bird
(Garrulus grandarius), siskin (Spinus spinus), robin (Eritacus rubecula) etc. Goshawk (Accipiter
gentiles), dorhawk (Caprimuldus europaeus), golden oriole (Oriolus oriolus), wood pigeon
(Columba palumbus), cuckoo (Cuculus c anorus), crested tit (Parus cristatus), scarlet finch
(Carpodacus erythrinus) etc. Hazel grouse (Tetrastes bonasia) is less common and the least
common is black grouse (Lyrurus tetrix) [70]. Red kite (Milvus milvus) has been found twice and
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peregrine falcon (Falco peregrinus) has been found just once, those are the most rare birds in the
region [69, 71].

Among the birds of the wetland and meadow complexes the following have been
identified: the gray heron (Ardea cinerea), the moorhen (Gallinula chloropus), the coot (Fulica
atra), the mute swan (Cygnus olor), the mallard duck (Anas platyrhynchos), marsh harrier (Circus
aeruginosus), yellow wagtail (Motacilla flava), black-headed gull (Larus ridibundus), black tern
(Chlidonias niger), kingfisher (Alcedo atthis). Along the rivers and lakes (open meadow areas,
bush thickets of floodplains, etc.) the common are: yellow hammer (Emberiza citrinella), whinchat
(Saxicola rubetra), thrush nightingale (Luscinia luscinia), marsh warbler (Acrocephalus palustris),
great reed warbler (Acrocephalus arundinaceus), blue-throated robin (Cyanosilv ia svecica), river
warbler (Locustella fluviatilis) etc. The less common are: corn crake (Krex krex), night-heron
(Nycticorax nicticorax), great-crested grebe (Podiceps cristatus). Even less common are black
stork (Ciconia nigra) and grey crane (Grus grus), and sometimes species nesting in the area
[69- 71]. Rather common, but not numerous species of waders are: woodcock (Scolopax rusticola),
snipe (Gallinago gallinago), double snipe (Gallinago media), sandpiper (Tringa ochropus).

For open biotopes (fields, voids, pastures, areas along forest belts, etc.) the background
species are: sky lark (Alauda arvensis), crested lark (Galerida cristata), wheatear (Oenahthe
oenanthe). The common species, such as hoopoe (Upopa epops), kestrel (Cerchneis tinnunculus),
greenfinch (Chloris chloris), quail (Coturnix coturnix) etc. are less often found. In areas adjacent
to wet meadows, natural reservoirs corn crake (Krex krex), more often lapwing (Vanellus vanellus)
are sometimes found. Species living in sparse tree-shrub vegetation, interspersed with open
biotopes are: yellow hammer (Emberiza citrinella), goldfinch (Carduelis carduelis), linnet
(Cannabina canabina), red-backed shrike (Lanius collurio), towny pipit (Anthus campestris) etc.,
which is consistent with data specified in the literature [69, 72- 74].

The mammalian fauna of the studied region probably includes about 50 species [72]. We
identified 46 species of mammals. The species composition is determined primarily by the
considerable forest cover of the territory and the relative small population. 6 species listed in the
Red Book of Ukraine can be found on the territory of the zone, they are: otter (Lutra lutra), steppe
polecat (Mustela eversmanni), badger (Meles meles), water shrew (Neomis anomalis); extremely
rare: garden dormice (Eliomys guercinus) [75] and barbastelle (Barbastella barbastella) (found in
one specimen).

Among the Rodentia rodent group, the following were identified: the root vole (Microtus
oeconomus), the bank vole (Clethrionomys glareolus), the pine vole (Microtus subterraneus), the
field vole (Microtus arvalis), the muskrat (Ondatra zibethica), beaver (Gastor fiber), brown rat
(Rattus norvegicus), red squirrel (Sciurus vulgaris).

There are 4 species among the dormouse family: fat dormouse (Myoxus glis), hazel
dormouse (Muscardinus avellanarius), forest dormouse (Dryomus nitedula) and garden dormouse
(Eliomys guercinus).

The mouse family is represented by: in the region by house mouse (Mus musculrs), field
mouse (Apodemus agrarius), forest mouse (Sylvaemus sylvaticus), harvest mouse (Micromys
minutus), yellow-necked mouse (Sylvaemus tauricus), birch mouse (Sicista betulina).

Representatives of the Insectivora, registered in the region: hedgehog (Erinaceus
europaeus), shrewmouse (Sorex araneus), lesser shrew (Sorex minutus), mole (Talpa europaea).
Less common are the lesser white-toothed shrew (Crocidura suarecolens) and the bicolored white-
toothed shrew (Crocidura leucodon) much less frequently: water shrew (Neomys fodiens),
southern water shrew (Neomys anomalus).
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Common representatives of the Chiroptera in this region are: forest pipistrelle
(Vespertilio nathusii), noctule bat (Nyctalus noctula), pipistrelles (Vespertilio pipistrellus).
According to literary data, the fauna of bats is represented by at least 10 species of bats [73, 77].

The most common and relatively mass representative of the Carnivora is the fox (Vulpes
vulpes). There is a relatively small number of a raccoon dog (Nyctereutes procyonoides), which
lives in tangles along rivers etc. We also registered otter (Lutra lutra), rock marten (Martes foina),
pine marten (Martes martes), weasel (Mustela nivalis), stoat (Mustela erminea), European polecat
(Mustela putorius), steppe polecat (Mustela eversmanni). It is rare, but there is a wolf (Canis
lupus). According to the survey, lynx is found extremely rare (Felix lynx) [71, 76].

Brown hare (Lepus europacus) is widely spread [77].

The hoofed are represented in the region by species common for Polissia - elk (Alces
alces), roe deer (Capreolus capreolus) and wild boar (Sus scrofa).

2.3.3 Register of objects of nature reserve fund

According to the data of the departments of environmental protection in the Volyn and
Rivne region, there are 48 objects of nature reserve fund (including the natural reserve
“Bile Ozero”) in the 30-kilometer area of SS Rivne NPP the area of which is more than 12
thousand hectares. These are mainly reserves of national importance, located within Manevytsky
district of Volyn region and Volodymyretsky district of Rivne region.

Among the objects of the nature reserve fund (Table 2.1), botanical and forest reserves
predominate (23 and 7 objects, respectively), which is a place of life for rare and not widely-spread
species. In addition, on the territory of the 30-km zone there are 4 hydrological, 5 general
zoological, 4 ornithological reserves, two complex and one swamp reserve. In 2000, the reserve
“Bile Ozero” was established.

To the west of SS Rivne NPP in the immediate vicinity of the plant in the floodplain of
the river Holubytsia (a tributary of the river Styr) there are Kolodiisky and Kostiukhnivsky botanic
resreves with the total area of 17.0 hectares. Besides, Vovchytsky botanic reserve (10.0 hectares),
“Chorna Dolyna” ornithological reserve (16.0 hectares), Manevytsky forest reserve (16.0
hectares), Dubyna (70.1 hectares), Berezovy Gai (10.5 hectares), Manevytsky general zoological
reserve (138.0 hectares), and Lake Hlybotske hydrological reserve (9.5 hectares) are located in
this zone.

To the north west of SS Rivne NPP there are Okonski Dzherela hydrological reserve (0.55
hectares), Okonsky spurce forest botanic reserve (2.6 hectares), and Hradiivska Dubyn forest
reserve (7.5 hectares).

To the south of SS Rivne NPP in the floodplain of the river Okonka there are Chartoryisky
general zoological reserve (188.0 hectares) and Chartoryisky spruce forest reserve (5.9 hectares).
Besides, there are Zarichchia forest reserve (20.0 hectares), Telchsky general zoological reserve
(66.7 hectares) and Zhuravichivska forest reserve (2.4 hectares).

To the south-east of SS Rivne NPP there are 7 botanic reserves: Velykoosnytsky (57.2
hectares), Maloosnytsky (9.0 hectares), Telchevsky (33.0 hectares), Osoka (56.5 hectares), Dub
Zvychainy (0.3 hectares).

To the north-east of SS Rivne NPP there are several reserves of different designation:
botanical Ravine “Vizhar” (36.0 hectares), Khinotsky (2267.0 hectares), Chervonoselsky (1004.0
hectares). In the village of Voronky there is one of the largest botanic reserves Voronkivsky with
the area of 2277.0 hectares and Lake Voronky within which the swamp reserve with the area of
23.0 hectares is created. In order to preserve the artificially created stock the park “Antonivka”
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(9.7 hectares) in the village of Antonivka, and the complex reserve Volodymyretsky Park (3.0
hectares) in the town settlement of Volodymyrets were created.

To the north of SS Rivne NPP at a considerable distance of the plant there is Ravine
Styrske ornithological reserve (273.0 hectares), and to the north-west there are Mulchytsky
(3410.0 hectares) and Ozersky (1840.0 hectares) botanic reserves, there are also Likot general
zoological reserve (144.0 hectares), Chorny Busel ornithological reserve (32.1 hectares),
Karasynsky forest reserve (9.4 hectares).

Thus, within the 30-km zone of SS Rivne NPP the objects of natural reserve fund are
unevenly distributed. Most of them are concentrated in the northern (N - 1, NE - 10, NW - 5) and
southern (S - 5, SE - 7, SW - 4) directions from SS “Rivne NPP”, 16 objects to each direction, a
little less, 9 objects, are located to the west of Rivne NPP. The largest objects of the natural reserve
fund are located in the north-east and north-west of the 30-km zone of Rivne NPP, their total area
is 11,452.7 hectares. The total area of objects located in the southern directions is 449.7 hectares,
to the west of Rivne NPP is 271.1 hectares.
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Table 2.1. Nature reserve area register
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Enterprise,
Area, hectare organizations, Resolution, decision based
Name Category | (distance from Reserve area location insituttions — on which the reserve area
RNPP, (km) landusers responsile is established
for the reserve area
. Decision of the region
1 Lake Voronky Marshy (33,91) Xllsltli%f of Voronky, Voodymyretsky State farm “Zoria” executive committee
’ Ne343, dated 22.11.83
579 Manevychi  district, village of Decision of the region
2 Velykoosnytsky Botanic (22’1) Osnytsia, Osnytske forestry, kv. 39, | Kolkivsky forestry executive committee Ne
’ typ. 3, 15-18 493, dated 30.12.80
10.0 Manevychi  district, village of Decision of the region
3 Volchytsky Botanic (1 6,8) Kostiukhivka, Volchytske forestry, | Manevytsky forestry | executive committee Ne
’ kv. 3 typ. 1 493, dated 30.12.80
9.5 Manevychi  district, village of Decision of the region
4 Kolodiysky Botanic (12’ 9) Kostiukhivka, Volchytske forestry, | Manevytsky forestry | executive committee No
’ kv. 8 typ. 3 493, dated 30.12.80
75 Manevychi  district, village of Decision of the region
5 Kostiukhnovsky Botanic (13’ 1 Kostiukhivka, Volchytske forestry, | Manevytsky forestry | executive committee Ne
’ kv. 15 typ. 3-5 493, dated 30.12.80
9.0 Manevychi district, village of Velyka Decision of the region
6 Maloosnytsky Botanic (26 7) Osnytsia, Osnytske forestry, kv. 32, | Kolkivsky forestry executive committee Ne
’ typ. 22 493, dated 30.12.80
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Enterprise,
Area, hectare organizations, Resolution, decision based
Name Category | (distance from Reserve area location insituttions — on which the reserve area
RNPP, (km) landusers responsile is established
for the reserve area
6.3 Manevychi  district, town  of Decision of the region
7 Mnevytsky Botanic (18’ 3) Manevychi, Volchytske forestry, kv. | Manevytsky forestry | executive committee Ne
’ 40, typ. 23 493, dated 30.12.80
56.5 Manevychi  district, village of Decision of the region
8 Osoka Botanic (22’3) Osnytsia, Osnytske forestry, kv. 40, | Kolkivsky forestry executive committee Ne
’ typ. 1, 12, 14, 16, 21 493, dated 30.12.80
33.0 Manevychi  district, village of Decision of the region
9 Telchevsky Botanic (21’2) Osnytsia, Osnytsky forestry, kv. 39, | Kolkivsky forestry executive committee Ne
’ typ. 3, 15-18 493, dated 30.12.80
10 Chartoryisk . 5.9 Manequhi district, Vil}age of Staryi Decisign of the region
spurce forest Botanic (11.9) Chartoryisk, Chartoryiske forestry, | Manevytsky forestry | executive committee Ne4/3,
’ kv. 55, typ. 3, 6 dated 09.12.98
11 Okonsky spurce . 2.6 Manevyghi district, village of Decisign of the region
forest Botanic (20.0) Severynivka, Okonske forestry, kv. 3, | Manevytsky forestry | executive committee
’ typ. 20 No361-p, dated 20.11.86
e ) Decision of the region
12 Oak-1 Botanic (gboé) g:‘;l;t\;f:h(l)grllsyttr;lig \f/(l)lrl:f;yot;{\\//e;gka Kolkivsky forestry executive committee
’ ’ T Ne255, dated 11.07.72
0.01 Manevychi district, village of Velyka Decision of the region
13 Oak-2 Botanic (1,8 8) Osnytsia, Osnytske forestry, kv. 25, | Kolkivsky forestry executive committee
’ typ. 23 No255, dated 11.07.72
0.01 Manevychi district, village of Velyka Decision of the region
14 Oak-3 Botanic (1,8 0) Osnytsia, Osnytske forestry, kv. 15, | Kolkivsky forestry executive committee
’ typ. 17 Ne255, dated 11.07.72
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Enterprise,
Area, hectare organizations, Resolution, decision based
Name Category | (distance from Reserve area location insituttions — on which the reserve area
RNPP, (km) landusers responsile is established
for the reserve area
Khynotske forestry, kv. 1, 2, 4, 5, 9,
Stepanhorodske forestry, kv. 30, 33,
) . 34, 37, 38, 41, 42, Khynotske
15 Khinotsky Botanic 2267,0 (27,4) forestry. kv. 3, 6, 7. 8.
Stepanhorodske forestry, kv. 27-29,
31, 32, 36, 40, 46
Ozeretske forestry, kv. 1, 2, 5-7, 10- Rafalivsk state Decision of the region
16 Ozersky Botanic 1840,0 (28,4) | 15, 17-20 Ozeretske forestry, kv. 4, 8, forestr y executive committee
20, Partysanske forestry, kv. 55-57 y Ne343, dated 22.11.83
Ozeretske forestry, kv. 33-37, 39, 40, . Decision of the region
. Rafalivsky state . -
17 Mulchytsky Botanic 3410,0 (24,6) | 46,47, 52, Mulchytske forestry, kv. 3, forestr executive committee
5,7,8,15-18, 23, 24, 27-32 y No343, dated 22.11.83
Decision of the region
18 Krasnoselsky Botanic 1004,0 (21,2) fgfl:gloselsky forestry, kv. 15, 24-27, ;g(r)(l?(s)gymyretsky state executive committee
Y Ne343, dated 22.11.83
Voronkovske forestry, kv. 17, 22-26, Volodymyretsky state | Decision of the region
. 28-34, 36-42, 46, 51, 52, state farm . ;
19 Voronkovsky Botanic 2277,0 (294) | o .0 forestry, state farm | executive committee
Zoria”, Voronkovske forestry, kv. “7oria” No343. dated 22.11.83
18-21, 27, 35, 44-48 T o
R " . 36,0 Collective farm “Druzhba”, village of | Collective farm D60151Qn of the regton
20 Ravine “Vizhar Botanic . y v executive committee
(18,9) Dovgovolia Druzhba No343. dated 22.11.83
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Enterprise,
Area, hectare organizations, Resolution, decision based
Name Category | (distance from Reserve area location insituttions — on which the reserve area
RNPP, (km) landusers responsile is established
for the reserve area
C , . 40,0 Collective farm “Urozhai”, village of | Collective farm Decmgn of the region
21 Ravine “Lypne Botanic (21.4) Lvon “Urozhai” executive committee
; ypno ozha Ne343, dated 22.11.83
“ e ) 9,7 Village of Antonivka, | Antonivska village | Decision of region council
22 "Antonivka” Park Botanic (27,3) Volodymyretsky district council Ne33, dated 28.02.95 1.
e ) Decision of the region
23 Ravine “Potky” Botanic (298’03) E;(?;ce)nkfam Zoria”, village  of State farm “Zoria” executive committee
: y Ne343, dated 22.11.83
Manevychi  district, village of Maneyvisk state Resolution  of  region
24 Volchytsky Ornithologicall 290,0 (17,1) | Volchytsk, Volchytske forestry, kv. 5, fores trYt Y council Ne 18-p, dated
typ. 4, kv. 20, 21 y 03.03.93
Manevychi  district, village of . .. . )
. . 2,4 ’ Kolkivsky state | Decision of region council
25 Zhuravychivska Botanic (29) Rudnyky, Rudnykovskoe forestry, forestry Nol7/19, dated 17.03.94
kv. 33, typ. 2
. . Decision of region
12{60dOnk(l)(nsk1 Hydrological ((2)’55% Manevychi district, village of Okonsk Sﬁgggf}logk Yorkshop executive committee
ey ’ yisky Ne255, dated 11.07.72
Manevychi  district, village of . .. . .
6,5 ’ Kolkivsky state | Decision of region council
27 Rudnykovsky Forest (28.2) ggir%ki, Rudnykovske forestry, kv. forestry Nel7/19, dated 17.03.94
Manevychi  district, village of Decision of region
28 Lake Hlybotske Hydrological (29é59) Horodok, Horodokske forestry, kv. I;)(r)zcs)goksky state executive committee
’ 13, typ. 46,47, 51 Y Ne401, dated 23.11.79
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Enterprise,
Area, hectare organizations, Resolution, decision based
Name Category | (distance from Reserve area location insituttions — on which the reserve area
RNPP, (km) landusers responsile is established
for the reserve area
Decision of region
29 Ravine “Poroda” Hydrological 36 Volodymyrets district Volodymyretsky  state executive committee, dated
(21,0) forestry 1983
Decision of region
30 Tseptsevytske Hydrological 1,0 Volodymyrets district Volodymyretsky  state executive committee, dated
Dzherelo (28,4) forestry 1972
31 Volodymyrets 3,0 Town of Volodymyrets, boarding | Volodymyrets Dec151gn of reston
Park Complex (19,6) school boarding school executive committee
’ Ne317, dated 20.06.72
32 Hradiivska Forest 7,5 Manevychi district, village of Gradie, | Kolkivsky state | Decision of region council
Dubyn (27,7) Gradiivske forestry, kv. 49, typ. 30 forestry Nel7/19, dated 17.03.94
Manevychi  district, town  of Decision of region
33 Dubyna Forest 70,1 Manevychi, Manevytske forestry, kv. | Manevytsky state executive  committee . No
(22,7) 25, typ. 23, kv. 26, typ. 10, kv. 29, typ. | forestry 226. dated 31.10.91
5,14, 19, kv. 30, typ. 8, 13 ’ e
Manevychi  district, village of . .. . .
. . 20,0 . . ’ Kolkivsky state | Decision of region council
34 Zarichchia Forest (16.6) tZyanlc;Iichla, Telkovske forestry, kv. 7, forestry Nel7/19, dated 17.03.94
e Manevytsky state
35 Karasynsky Forest (26.5) Manevychi district forestry
Manevychi  district, town  of Resolution  of  region
36 Manevytsky Forest (;461’2) Manevychi, Manevytske forestry, kv. ?gf;?ymky state executive committee Ne
: 14, typ. 3 Y 361-p, dated 20.11.86
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Enterprise,
Area, hectare organizations, Resolution, decision based
Name Category | (distance from Reserve area location insituttions — on which the reserve area
RNPP, (km) landusers responsile is established
for the reserve area
Manevychi  district, village of Decision of region
37 Karasynsky Gelnerial 1 225,0 (29,8) | Zamostie, Karasynske forestry, kv. lg/l;ani;/ytsky state executive committee Ne
zoologica 40, 41 oresty 226, dated 31.10.91
Manevychi  district, village of Decision of region
38 Berezovy Hai Forest ég’g) Prylisne, Horodokske forestry, kv. 53, I;)(r);:gOkSky state executive committee Ne
’ typ. 2 y 226, dated 31.10.91
Manevychi  district, village of . Resolution  of  region
39 Teletsky Z(()}oellcl)eriilal (?g,Z)) Kulykovychi, Teletske forestry, kv. Ié)(;ll;i;/sky state council Ne 18-p, dated
& : 14, typ. 6, 12, 23, 40 Y 03.03.93
Manevychi  district, village of Decision of region
40 Chartoryisky Z(()i)elt(l)eriilal 1(289’? Chartoryisk, Chartoryiske forestry, I;gf;e;;/ytsky state executive committee No
& : kv. 29, 40 y 226, dated 31.10.91
. . . . Resolution  of  region
. General Manevychi district, village of | Manevytsky inter- . .
41 Lokotie zoological 144,0(25,9) Serkhiv, Serkhivske forestry, kv. 2 farm forestry 8(3)u(1)13c 191‘3 Ne 18-p, dated
Manevychi  district, town  of Decision of region
42 Manevytsky Z(i)elr(;eriecil 138,0 (28,1) | Manevychi, Manevytske forestry, kv. ?gf;i:ymky state executive committee Ne
& 2 y 226, dated 31.10.91
. - . Resolution  of  region
Manevychi  district, village of . .
43 Chorny Busel Ornithological éi’;) Karasyn, Karasynske forestry, kv. 44, ll:gf;izywky state 8(3)u(1)13c 191‘3 Ne' 18-p,  dated
’ typ. 18, kv. 57, typ. 29, kv. 64, typ. 19 y et
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Enterprise,
Area, hectare organizations, Resolution, decision based
Name Category | (distance from Reserve area location insituttions — on which the reserve area
RNPP, (km) landusers responsile is established
for the reserve area
e . i » | Decision of the region
44 Ravine “Styrske” | Ornithological] 273,0 (29,0) ,S[g;(eo fazmhi S tl: tlclaﬂf(aim Xgli%z :15 ,Y' ‘S‘gfsrofelsrl?l,, Bilsky”, executive committee
VY VY VERY Ne343, dated 22.11.83
45 Ravine ) ) 90,0 . Volodymyretsky state
“Romanshchyna” Ornithological (26.3) Volodymyretsk district forestry
Manevychi  district, village of Maneyvisk state Resolution  of  region
46 Chorna Dolyna Ornithological| 419,0 (18,8) | Haluziia, Haluziievske forestry, kv. fores tryt y council Ne 18-p, dated
48-50 Y 03.03.93
Manevychi district, to the north of the
47 Cherensk Botanic 903,0 (28,7) ;g;al%:tie’o%arlj:}r’ig:; fgrlél;rg;’ k(\)f Manevytsky state l?drifl?;te(r)sf thﬁ(:)f Coultjlliirlaigj
y ’ ’ 26, typ. 6, kv. 27, typ. 2, kv. 29, typ. | forestry

16, kv. 30, typ. 2, 4, kv. 31-33, kv. 37-
38

Ne 383, dated 03.08.78
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3 CHARACTERISTIC OF THE DISTRIBUTION OF ALL NEGATIVE FACTORS
WITHIN THE AREA OF PLANNED ACTVITY IMPACT

This section provides information about external hazards (EH) typical for the area of SS
Rivne NPP location. The list of EH subject to consideration within this work has been created. EH
that have impact on SS Rivne NPP activity can be divided in two groups:
- Natural;
- Man-made.

Hydrometeorological processes and phenomena:

- floods;

- ice phenomena on water sources (ice gorges, ice jams);
- water resources change (extremely low flow, abnormal reduction of water level);
- tornados;

- strong winds;

- precipitations;

- extreme snow falls (heavy snow);

- air temperature;

- ground surface icing;

- lightning;

water intake facility blocking.

Factors creating the external impact of man-made nature (man-made factors):
- aircraft crash;
- common caused fire;
- explosions at the facilities;
- releases of explosive, flammable, toxic gases and aerosols into the atmosphere;
- breaking of natural and artificial reservoirs.

The list given above is taken as a basis for the environmental impact analysis and may be
changed taking into account collected data, towards impacts reduction.

Preliminary exclusion of EH is carried out using simple logical equations allowing to
demonstrate without complex calculations and detailed evaluations that external impact is not
dangerous for SS Rivne NPP power units and stationary facilities of chemical, fire, and explosion
hazard accidents at which can result in contamination and significant adverse impact on the
environment and public.

The criteria for EH preliminary exclusion are:

- distance from the source of hazard to SS “Rivne NPP”;

- low frequency of EH;

- non-significance of expected EH contribution to the accidents at SS “Rivne NPP”.
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3.1 Natural factors of impact on SS Rivne NPP
Flooding

Spring floods at the river Styr. The impact of the Styr spring floods on SS Rivne NPP is
considered in terms of the possibility of flooding of buildings and structures of power units 1, 2,
3, and 4, as well as stationary facilities of chemical, fire and explosion hazard.

For the rivers with water intake area of more than 200 km? according to the literature data
[78] it is reasonable to consider water level increase related only to spring floods since the water
level during the spring floods is significantly higher than during the flooding [79]. Therefore, for
the river Styr, the area of the spillway that is 10,400 km? to the water intake of SS “Rivne NPP”,
water rising related to the floods will be considered.

The characteristic of spring floods at the river Styr. The river Styr is the main river
flowing through the 30-kilometer zone of SS “Rivne NPP”, it crosses the 30-kilometer zone of SS
Rivne NPP from the south east to the north west and its length within this area is 113 km
(Figure 3.1). the total length of the river is 494 km, the water intake area is 12900 km?. SS Rivne
NPP water intake is situated 326.7 km from the river head and 167.3 km from its estuary, and
closes the water intake area which is 10400 km?.

Annual river level variation within the 30-kilometer zone of SS Rivne NPP s
characterized by the high water levels during the spring floods. During summer-autumn and winter
periods a short-term insignificant water level increase due to rain showers and winter thaw.

During the flood the water rises to the heist level on the second day after the river
uncovering. The peak of the flood lasts one day. Flood ends in mid-May, less often in the first
decade of May. The average duration of the spring flood is 70 days, in some years the spring flood
lasts up to 130 days (due to rainfalls).

Spring raising of the river Styr levels above the previous horizon usually reaches
2.5-3.0 m. The greatest amplitude of variation of levels 3.74 m [79].
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Figure 3.1. Schematic plan of the flood basin of the river Styr
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To characterize the levels of water rise in the river Styr the data of long-term studies of
hydrometric points located in the area of SS Rivne NPP are used. Estimated flood levels are given

in [79, 80].
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Table 3.1. Maximum levels of the river Styr at the water intake section of SS “Rivne NPP”, m abs.

Occurrence probability, %
Parameter 0.001 | 0.0001 | 0.00001 | 0.01 0.1 1 5 10

Elevation, m

abs 166.0 | 168.8 167.6 1652 | 1644 | 163.6 | 163.0 | 162.8

The highest level of spring flood in the basin of the river Styr within the area observed
during the period from 1947 to 1999 took place on April 09, 1956. At the section of SS Rivne NPP
water intake this level reached the elevation of 163.20 m. Almost the same level of spring flood
was registered in 1979 (absolute elevation 163.00 m). The estimated 0.01% occurrence probability
level is 165.20 m.

The estimated 0.01% occurrence probability level is 165.20 m. During the period from
2007 to 2017 mentioned levels have not been exceeded according to the data given in Table 3.2.

Table 3.2. Statistics on maximum level of the river Styr for the period from 2007 to 2017
at the sections of SS Rivne NPP water intake, m abs [81].

Month Maximum levels of the river Styr, m abs
2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 2014

January 115945 | 159.56 | 159.96 | 160.12 | 160.67 | 160.73 | 159.29 | 160.57 | 159 56

February | 15933 | 160.23 | 159.92 | 160.29 | 160.35 | 160.89 | 159.44 | 160.66 | 160 01

March 160.19 | 160.51 | 159.72 | 160.62 | 160.65 | 160.72 | 160.16 | 160.70 | 159 99

April 160.64 | 160.20 | 160.22 | 160.62 | 160.54 | 160.42 | 159.78 | 160.97 | 159 4¢
May 160.49 | 159.46 | 160.23 | 160.09 | 160.12 | 159.92 | 159.68 | 160.75 | 159 5»
June 160.49 | 159.28 | 160.12 | 159.69 | 159.82 | 159.06 | 159.67 | 160.55 | {59 g9
July 159.60 | 159.65 | 159.71 | 159.68 | 159.57 | 158.96 | 159.50 | 160.16 | 159 2-

August 115988 | 158.99 | 159.67 | 158.94 | 159.51 | 159.38 | 159.13 | 159.59 | |sg 76

September | 160,09 | 159.03 | 159.90 | 158.77 | 159.70 | 159.08 | 159.13 | 159.32 | |5 75

October | 159,83 | 159.01 | 160.40 | 159.44 | 159.74 | 158.82 | 159.40 | 159.33 | 15g 74

November | 159 57 | 159.13 | 160.40 | 159.65 | 159.67 | 158.83 | 159.62 | 159.36 | 155 g0

December | 15931 | 159.46 | 160.07 | 159.58 | 160.77 | 159.05 | 159.70 | 159.34 | 159 13

Impact of spring floods on the river Styr on SS “Rivne NPP”.

The planning level of the structures of SS Rivne NPP power units is about 188,000 m, the
additional water treatment facilities is 192,000 m. The maximum water levels during the floods on
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the river Styr does not impose a hazard to NPP structures [79, 80], since SS Rivne NPP is raised
above the water level of the river Styr to more than 25 m. [82].

Considering this, the impact of flooding on buildings and structures located on the SS
Rivne NPP site can be excluded due to the elevation of NPP site above the floodplain of the river

Styr.

Floods on the river Styr.

Since the height of the water rise during floods for rivers that have a water intake area of
more than 200 km2 is much more than the water rise during floods, it is reasonable, according to
[78], to consider the rise of water in the river Styr only associated with floods. According to [79],
the maximum flow of floods of 1% occurrence probability is 6 times less than the maximum flow
during floods. Consequently, maximum water levels during floods on the river Stir do not impose
a hazard to NPP structures and are to be excluded, and are not considered further.

Impact of heavy rains on NPP

The accumulation of water at SS Rivne NPP site can be dangerous if the height of the
precipitation over the site objects is exceeded. To ensure protection of the NPP territory from
atmospheric precipitation, a system of water drains and an industrial sewage system are provided
for at the site. Danger to the structures and components of nuclear power plants can be caused by
short-term intensive heavy showers, during which the industrial drainage and the facilities
drainage systems are not able to drain the required amount of water. Industrial sewage systems are
designed in accordance with general building regulations based on the conditions for receiving
and passing drains from rainfall with once a year frequency. Drainage of surface water from SS
Rivne NPP site is carried out through the planned surfaces to the trays of roads or ditches
reinforced with monolithic reinforced concrete, followed by discharge into the storm sewer
[79, 80]. Excess rainwater penetrates the soil [79]. After purification rainwater from SS Rivne NPP
site 1s used to feed the technological cycles of nuclear power plants [83]. The description of the
industrial sewage system is provided in [79, 80].

Design standards for the design of water drain systems for buildings and industrial sewage
systems are defined by CHull 2.04.01-85 and 2.04.03-85 [84], in which the design flow of
rainwater is determined based on the intensity of rain for 20 minutes (q20). For SS Rivne NPP site
this design criterion is 100 liters/sxh or 0.6 mm/min [79].

To determine the intensity of rain, the results of [86] are used. The frequency of rainfall
lasting less than an hour on the territory of Rivne region is 0.067. The distribution of precipitation
intensity is given in Table 3.3.

Table 3.3. The distribution of precipitation intensity for Rivne region

Precipitation amount, 30 40 50 60 70 90 100
mm
Frequency of
precipitation amount | 38.6 10.6 19.1 4.3 4.3 12.8 2.1
in case of rainfall, %
Precipitation intensity
during 20 minutes 1.1 1.5 1.9 23 2.7 34 3.8
rain
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The graph in Fig. 3.2 based on data from table 3.3. shows the precipitation intensity with
a 20 minute rain duration, obtained by way of calculation from the hourly intensity using a
reduction coefficient that is given in [80, 81] equal to 2.3 (calculated reduction coefficient 2.2
[87]). The approximating curve is constructed by the least squares method:

W(h) = 0,268xexp(-1,162xh)

Probability of exceeding the design criteria 100 1/sxh (0,6 mm/min) isW (0.6) = 0.133.

Figure 3.2 shows the probability of exceeding the intensity of rain lasting 20 minutes for
SS Rivne NPP site, which shows that the design criteria for this type of impacts may be violated
with a frequency of 0.133 1/year. Figure 3.2 also shows data on the strongest rainfall and rain
showers in SS Rivne NPP site area, the territory of Ukraine and in various regions of the globe
[78]. The given data show that the maximum daily height of precipitation in the Rivne region does
not exceed 100 - 110 mm, and in the territory of Ukraine - 183.2 mm with a maximum rain intensity
of less than 3 mm/min.
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Data on the maximum intensity of rain in different parts of the globe, including Ukraine,
are presented in Table 3.4. During observations of intense precipitation over the globe, no
precipitation was recorded with an intensity exceeding 8.4 mm/min. The daily maximum
precipitation in the Rivne region as of June 7-12, 1969 was 100—-110 mm. [85]. According to the
data of the Manevichi meteorological station (26 km. from SS “Rivne NPP”) in the Rivne region,
the extreme daily maximum of 103 mm exceeds the average monthly sum of summer precipitation
to about 1.2-1.5 times [79, 80], and 106 mm of precipitation were at the Sarny station on
September 11, 1963.

Rain showers are dangerous not only because of a large amount of precipitation, but also
because of high intensity. According to observations by the Kovel meteorological station, where
there is a rain-recording gauge, the greatest intensity over a S-minute interval was 2.6 mm/min on
August 08, 1958, and the maximum intensity for one hour was 0.7 mm/min on September 05-06,
1992 [79, 80].

Table 3.4. The most heavy showers and rainfalls in different regions of the globe and on
the territory of Ukraine

Duration of Height of Maximum
Country, place Year rain, hours, precipitation layer, precipitation
minutes mm intensity, mm/min

Ukraine, Mykolaiv 1995 06:46 182.3 2.96

Ukraine, Khrystynivka 1932 04:30 147.0 2.68
USA, Preston 1893 00:05 31.0 6.2
USA, Wisconsin 1881 00:15 57.0 3.8

France, Bordeaux 1883 00:20 87.0 4.35
Nepal, Mangalpur 1964 02:00 139.0 1.2
Austria 1904 00:45 194.0 4.3
USA, Virginia 1906 00:30 252.0 8.4
India, Calcutta 1935 03:00 300.0 1.7
USA, Missouri 1947 01:00 305.0 5.1

Calculated flood levels are approximated by the expression:

w(h) = exp(—(ah +b))

b=-462.401
a=2.855
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Figure 3.5. Probability of exceeding high levels of floods on the river Styr

According to reports on the results of meteorological observations in SS Rivne NPP
region over the past (including 2017) years [87, 88], the amount of precipitation did not exceed
the maximum previously recorded value. In addition, the given data do not affect the results of
elimination, since the external effect of precipitation consciously has a much lower occurrence
frequency than other EH, and cannot lead to more serious consequences.

The effect of rainfall largely depends on the movement of cyclones and anticyclones, the
seasonal characteristics of which are shown in Figure 3.6 and Figure 3.7.
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Figure 3.6. Main routes of cyclones and anticyclones in winter

If the rain intensity exceeds the design criteria, it is possible that the normal power supply
equipment of the power unit may fail due to rainwater leakage through the roofs and openings (for
example, the transport gate) of the turbine hall building, deaerator compartment and electrical
equipment stacks. These leakages can occur when the water level exceeds the design level,
resulting from the impossibility drain the necessary amount of water from the roofs of buildings
and the NPP site. Leakages may result in possible malfunctions of normal power supply system
equipment etc.
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Figure 3.7. Main routes of cyclones and anticyclones in summer

If the rain intensity exceeds the design criteria, it is possible that the normal power supply
equipment of the power unit may fail due to rainwater leakage through the roofs and openings (for
example, the transport gate) of the turbine hall building, deaerator compartment and electrical
equipment stacks. These leakages can occur when the water level exceeds the design level,
resulting from the impossibility drain the necessary amount of water from the roofs of buildings
and the NPP site. Leakages may result in possible malfunctions of normal power supply system
equipment etc.

When determining in [82] the frequencies of emergency events based on the processing
of statistics of actually recorded events during the operation of power units, various initiators were
taken into account, including cases in which the initiating events of emergency situations were
triggered by external factors. Thus, the influence of heavy showers on NPPs is excluded from
further consideration.

Ice phenomena on the river Styr (ice gorges, ice jams).

Data regarding ice phenomena on the river Styr.

With the transition of air temperature in the autumn-winter period to negative indicators,
the first ice formations appear on the river Styr (slush, grease, broken ice). This usually happens
in early December, and in some years in November or at the end of December. The ice thickness
during the winter varies due to frequent thaws. In some years, the thaws are so long that the winter
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breakup on the rivers takes place. By the end of winter, the ice thickness on the shallows reaches
0.2-0.3 m, on the stretches of the river - up to 0.4 m. During the most severe winters, the ice
thickness reaches 0.50-0.60 m. The average duration of the period with ice phenomena is about
100 days.

Freezing together at the river banks, these formations first become ice ledges, and then
complete ice coverage. First, the ice covers stretch areas, bays and coastal shallow water. On the
rapids, the formation of ice may be delayed by one to two weeks. The presence of open water areas
in wintertime creates favorable conditions for slush ice run, ice jam phenomena and the formation
of intrawater ice. Ice jams are usually observed at the bridges, as well as on steep bends of the
river course and in shallow water areas. The accumulation of slush, freezing up with the bottom,
contributes to the formation of ice jam. These phenomena can partially or completely block the
flow of the river and cause a sharp increase (or decrease) in the levels above (below) the ice jam.

Spring breakup of the river Styr usually occurs in mid-March, less often in early February
(as in 1946) or in early April (as in 1956). There are also years when the freeze-up on the river is
very short, ice melts in place and does not form ice drift. During the ice drift the major mass of ice
passes the course, but there is a possibility of carrying the ice to the floodplain when the high level
of the flood is accompanied by ice drift. During the period of spring ice drift, ice gorges are
observed in steep bends of the course and at the bridges. Ice gorge lasts not more than a day. The
rise of levels resulted from ice gorge or ice jam phenomena usually does not exceed 0.3—-0.4 m and
is significantly less than the rise of water caused by spring floods. At the water intake section of
SS “Rivne NPP”, such phenomena can be observed below the water intake near the town of Varash
[79, 80]. The duration of the spring ice drift is on average 6 days. The longest ice drift was in 1958,
it lasted 40 days (with such a duration, the drift is not intensive).

The impact of ice gorges and ice jams on facilities of “Rivne NPP”.

The auxiliary water pumping station is located on the right bank of the river Styr at the
elevation of 165,000 m. The length of the underwater channel from the mouth to the water intake
openings of the plant is 370 m, while the water comes to the water intake by gravity. Mechanical
damage to the pumping station from ice gorges and ice jams is impossible, since the auxiliary
water pumping station is located at a considerable distance from the course of the river Styr [80].

Taking into account the low level of water rise during ice gorge and ice jam compared
with the water rise during floods, the impossibility of mechanical damage to the pumping station
from ice gorges and ice jams due to the significant distance of the pumping station from the river
Styr, it can be concluded that the operation of the auxiliary water pumping station will not be
effected by the ice phenomena this effect can be excluded.

Change of water resources, abnormal water level reduction in the river Styr.

The lowest water levels on the rivers of the 30-kilometer zone are usually observed
in July and August. Levels of winter low water are higher than summer levels on the river Styr by
an average of 20-30 cm. The smallest summer-autumn levels for the period 1947-2017 were
observed in October 2011 [79-81, 89]. The lowest level in the SS Rivne NPP intake point in 2011
was 158.63 m abs. Estimated minimum daily water level in the river Styr are given in Table 3.5.
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Table 3.5. Minimum daily levels of the river Styr at the section of SS Rivne NPP water
intake, m abs

Parameter Occurrence probability, %
50 75 90 95 97 99
Elevations: 159.4 159.1 159.0 158.9 158.8 158.3
summer, autumn
159.7 159.5 159.3 159.2 159.1 159.0

Duration of low levels on the rivers is from several days to one month. Usually it takes
place in July-August, sometimes in September. The rivers do not completely dry and freeze over.

For the period from 2007 to 2017 the mentioned levels have not significantly changed
compared to those specified in table 3.6.

Table 3.6. Statistical data regarding minimum levels of the river Styr during the period 2007-2017
at the section of SS Rivne NPP water intake, m abs [89].

Month Minimal levels of the river Styr, m abs
2006 2007 2008 2009 2010 2011 2012 2013 2014
January | 158.89 | 159.22 | 158.96 | 15949 | 159.58 | 160.35 | 158.86 | 159.66 | 159.03
February | 158.91 | 159.34 | 159.57 | 160.03 | 159.55 | 160.48 | 158.96 | 160.09 | 159.44
March 158.99 | 159.97 | 159.58 160.00 | 159.73 | 160.37 | 159.29 | 160.46 | 159.47
April 160.28 | 159.47 | 159.46 | 160.11 | 160.11 | 159.93 | 159.55 | 160.55 | 159.09
May 159.48 | 159.08 | 160.14 | 159.39 | 159.79 | 159.10 | 158.68 | 160.50 | 158.87
June 159.22 | 158.76 | 159.01 159.46 | 159.55 | 158.75 | 158.86 | 160.16 | 159.28
July 15891 | 158.74 | 158.87 | 158.91 | 159.47 | 158.72 | 158.75 | 159.53 | 158.77
August | 159.34 | 158.72 | 159.31 158.76 | 159.13 | 158.87 | 158.61 | 158.91 | 158.62
September | 159.83 | 158.75 | 159.01 158.70 | 159.19 | 158.70 | 158.82 | 158.89 | 158.63
October | 159.08 | 158.88 | 159.90 | 158.73 | 159.58 | 158.63 | 159.07 | 159.15 | 158.64
November | 159.09 | 158.95 | 160.0