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Applicant compal-y00d1l28g i strati on number:
t ax r 208698217y ati on number :

st at i 208696422211419 d e :
Applicantds manag®8§ndoiCERagy

Contact details of (tLBe zARuisHagdsad DapdrtmentforrLiteasing and Bluclsao n
Safety

Contact detailstoh e Appl i cant 867503330t act per son:

Applicant
Applicantod

DATA OF THE PLANNEDTAVITY

Name of the planned nuclear power plant:  Pakdl Nuclear Power Plant
Abbreviated name offflamned nuclear power pRakdl

Planned activity: implementation and operation of+twerdration pressurized
water reactauclear power plant units

Purpose of the planned activity: generation of electric power for public purposes

Gross eledtal output of the planned nuclear power ptaximum 1200\ per unit

Gross thermal output of the planned nuclear powermkattnum 3200\ per unit

Installation area of the planned nuclear power plansite of the Paks Nuclear Power Plant

Planed start of the commercial operation of the nev2@@Bakdl Nuclear Power Plant, unit 1
2030 Pakdl Nuclear Power Plant, unit 2

Planned life of the new units: at least 60 years

DETAILS OF THE PLANESTALLATION SITE

Parcel number of gi@nned installation site: Paks 8803/15
Owner of the planned installation area: MVM Paksi Atomer RmT Zrt.
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DETAILS OF THE EXPEROESIGNERSVHO PREPARED THEVIRONMENTAUPACT
ASSESSMENSTUDY

The environmental impact assessment study of thel plahe@ power plant units was
compiled by MVM ERBE Zrt.

Designdf s n a me MVM ERBE ENERGETI KA M®rn°kiroda Z8§
(MVM ERBE ENERGETIKA Engineering Company Limited by Shares)

of ficial abbrevi aMMMERBEG.f t he Designer 6s name:

Address of the debkblgheBWdapegti ,stkRudcaf okif i lte:95.

Designer 6s compan0i10045821 st rati on number :

Head of the designer: Far k a s ChizbBExegutive Officer

The technical conditions of the environmental isgesdnment study and licensing for the
planned nuclear power plant units are provided by the basic technical parameters elaborate
the basis of the maximum environmental emission values causing maximum environmental |
which are based on the prelirgidata reported by the supplier of the units, the published data
of nuclear power plants already being built, and the reference data of similar units that h
been implemente®n the installation site plan the buildings and structures were arranged o
the basis of technological considerations, taking into account those technological units with
maximum spatial requiremeltie basic specifications were prepared by MVM ERBE Zrt.
(ERBE).

The environmental impact assessment of a nuclear power plaighlys @mplex task
comprising a large number of speziais, the implementation of which requires broad
professional cooperation.

To this end, ERBE used the servicpsobdéssionally recognizedrtified subcontractdos
the purpose of elaborgtiime environmental impact assessment programme and compiling the
environmental impact assessment study.

The system of professional osgdinis cooperaig in each specisditionwas theolloving.
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The following experts contributed to the elaboration of the environmental impact assessme!
of the planned nuclgaower plant units and to the compilation of the impact assessment
study:
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Technical Directorate
o0 Department of Environmental Protection

Zsuzsanna RudDepartment Head
Registration number at the Hungarian Chamber of EB§#esrs:
Expertsod6 |licences:
SzKVL1.1; SzKX.2; SzKX.3, SzK\L.4 Valid: for an indefinite pgriod
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o0 Department of Design and Project Preparation
G&8bor -BRepartiensHead
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Tivadar Tajtisenior engineering specialist
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Attila Soldzsenior engineering specialist
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Department of Electricait@| Engineering and Design
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Szilvia Ligetiarchitect and licensing specialist
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Attila Lepfazdag specialist in supporting structures, nuclear specialist
Registration numlagrthe Hungarian Chamber of Engiha&f800,
1350657
NSz7, T, ME, MME TE
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Registration number at the Chamber of ArEhiteR827
Nuclear Power Plant Engineering Head Department
o Department of Mechanical Engin€edhigology
Z - | a 1 Bepidr engineering specialist
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CONCEPT OF EfEIASCONTENBTRUCTURE

The purpose of the environmental impact assessment analysis performed before building the Paks Il Nucle
Plant on the Paks site is to identifgvahdate the environmental impacts of the planned nuclear power plar
technology on the individual elements and systems of the environment depending on the condition and load c
the design area.

The preliminary consultation documentation ettamnfived potential unit types. The competent environmental
authority designated to act in the matters of the Paks Nuclear Power Plani ragstiten8biath Environmental

and Nature Conservation Supervisory Authority (DAKTF) issued its 5p&3a/20@ &n the basis of this
documentation.

On 14 January 2014, the Hungarian Government entered into an agreement with the Government of the
Federation on the renewal of the nuclear cooperation agreement, which was concluded dxy sheenab countri
decades earlier. Hungaryo6s Parliament appaboefed 1t
2014on the promulgation of the Treaty on cooperation between the Government of Hungary and the Governme
Russian Federatiarthe field of the peaceful use of nuclear energy. Based on the agreement, two additional 12C
units will be built on the site of the Paks Nuclear Power Plant, with the Russian Competent Authority acting as
contractor.

Thus, from among thesioms taken into consideration in the Preliminary Consultation Documentation (PCD).
Environmental Impact Assessment Study (EIAS), which describes the completion of and sums up the
environmental inspassessment, analysed the possibilggsssamificant environmental impacts of the Russian
nuclear power plant technology selected for implementation, its main connections, cooling water intake, dische
hot water into the river Danube, and the unit power line that carr@ty theneledad in the power plant, also
taking into account the opinion given on PCD.

The environmental impact assessment study did not address any economic or financial matters related to the i
of the planned units.

The environmental impdcéspooject can be assessed either in time sequence, i.e. in the order of the,implemente
operatioanddecommissioning processes, or according to the individual environmental elements and systems.

The impact assessment study of Paks Il tdéterttapproach: it examines the impact processes and impacts
caused by the impact factors in the various stages of the project, and their territorial coverage, i.e. affected zc
individual environmental elements and systems.

The content of the iemvmental impact assessment study is structured on the basis of the general descriptions gi
Annexes 6, 7 and 10 of Government Decree 314/2005. (XII. 25.) on the procedural rules of performing envir
impact assessment analyses and issgragedtpermits for use of the environment.

The impact assessment study of Paks Il describes and reviews the following topics:

x detailed description of the planned nuclear power plant project and presentation of the basic techn
data,

volume of thetadty,

expected date and duration of the installation and operation,

description of the implementation of the planned technology,

list of the facilities required for the implementation of the activity and their locations,
water supply,

management of wagtger and sewage generated in the course of implementation,
main indicators of material use,

the magnitude of freight and passenger transport required for the activity,

related operations required for the implementation of the activity,

other related op&ons;

OO0 O0OO0OO0OO0OO0OO0OO

(@]

x description of the selected installation area and its immediate and wider environment, location and
the area required for the activity, and the presentation of the installation site plan

x  presentation of the previously examined and doresislers
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x  specification and calculation of the environmental impacts of the power plant technology on the in
elements and systems of the environment

x delimitation of the areas affected by the planned project
x description of crdzsrder impacts.
Ba®d on all these, the Paks Il. Environmental Impact Assessment Study is divided into the following main chag

1 Basic information on the planned project

2 Forecasts and strategies related to the planned project

3 A general guide to nuclear engineering

4 Description of the planned installation site

5 Possible methods of condenser cooling in the new nuclear power plant units

6 Characteristics and basic specifications of the Paks Il Nuclear Power Plant planned to be built o
7 Connectioto the Hungarian power grid

8 Potential impact factors and impact matrices of Paks I

9 Social and economic effects

10 Climate Profile of Paks and its Environs Within a 30 km Radius

11 Modding the Danube bed morphology and heat load on the Danube

12 Assessment of water quality in the Danube and other surface waters according to the Water Fra
13 The geological formation and subsurface waters on the site and in its immediate environs
14 Geological formation and subsurface wilteiBanube valley downstream of Paks

15 Noise and vibration

16 Ambient air

17 Nonradioactive wastes

18 Wildlife and ecosystem

19 Radioactive wastes and spent fuels

20 Ambient radioactivity, and exposure of the population living in the giténityrafliation

21 Exposure of wildlife to radiation in the vicinity of the site

22 Summary impact matrices and aggregate impact areas

Detailed contents of the individual chapters of the Impact Assessment Study of Paks Il

1 Basic informati@garding the planned project

This chapter describes the activities during the preparation of the planned project, the general procedure require
for the licensing of the planned new nuclear power plant units and the current situation @nsivironmental lic

2.Forecasts and strategies related to the planned project

In this chapter an overview is given of the forecasts related to the use of electricity in Hungary, and the main
statements of the National Energy Strategy 2030, the National Clingitatéfiesgend the National
Environmental Programme.

3.A general guide to nuclear engineering

This chapter gives a general overview of the current state of nuclear power generation, pressurized water reacto
(PWR) units, the benefits of Ill+ genek&fiotype units against other types, the internatiosafimsgani
regulating and supervising nuclear energy use, the fundamental principles of nuclear safety and the various event:

4.Description of the planned installation site

This chapter describes Ittation of the installation area, its ownership, the infrastructure connections of the
installation site, the Paks Nuclear Power Plant, its related facilities and monitoring systems located in the
neighbarhood of the Paks Nuclear Power Plant, andzesnheafeatures and characteristics of the Paks site.

5.Possible methods of condenser cooling in the new nuclear power plant units

This chapter contains general information on the cooling requirements of condenser power plants used for
electricity geration, describes the statutory framework applicable to the heat loading of aquatic environments,
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and gives a general overview of the applicable linfibigailsiésllowed by the description of the eligible cooling
methods that have been taken irdimlemation on the Paks site.

6.Characteristics and basic specifications of the Paks Il Nuclear Power Plant planned to be built on the Pak:

This chapter gives a detailed description of the characteristic features and fuel of the RydaimmedVER units

to be erected on the Paks site, the primary circuit, the secondary circuit, the planned cooling systems, the auxiliar
systems and facilities, the control engineering technology, telecommunication, the power systems, the architectur:
solutions, ¢hinstallation site plan, physical protection and the characteristic of nitlder satetf the

chapter a summary is given of the characteristic features of the implementation, operation and decommissioning ¢
Paks II.

7.Connection to the Huiagapower grid

This chapter describes the connectivity of the new units to the Hungarian power grid, the installation site of the ne:
400 / 120 kV Paksubstatigrand the routing and parameters of the 400 kV unit line and 120 kV transmission
line.

8. Potential impact factors and impact matrices of Paks Il

This chapter summarizes the potential impact factors, the processes and impacts triggered by them, and the
potentially affected parAdghese are included in a matrix of potential impacts.

9.Socal and economic effects

This chapter presents the analysis of the area of a 30 km radius in terms of urban and rural development and
zoning, characterizes the economy, transport routes and land use in the region, its spatial structure, the variou:
regionatlevelopment concepts and programs, and introduces and characterizes the population metrics and their
expected changdsbrief summary is given of the regional impacts of the Paks development.

10.Climate Profile of Paks and its Environs Within adBskm Ra

This chapter presents the features of the natural environment, analyzes the climate profile of Paks and its environ
within a 30 km radius, and presents the findings ofreodiéthiaggerformed for the region.

11.Modeling the Danube bed mogyterhal heat load on the Danube

The purpose of the model analyses performed in the framework of the environmental impact assessment of Paks
was to determine and evaluate the extent to which the area of the Paks Nuclear Power Plant would be affected i
the worst case and the morphodynamic changes in the Danube that may develop as a result of various
hydrological events; to determine, under various climate change scenarios, the standard conditions related to the
project and to analyze the charactersticefgas of the Danube heat tail of the warmed cooling water that is
discharged to the Danube.

12.Assessment of water quality in the Danube and other surface waters according to the Water Framework |

A highly detailed analysis and evaluati@m isfdgive characteristic physical and chemical parameters of the
Danube, of the characteristic features of the fauna and flora in the Danube (phytoplankton, phytobenton,
macrophyte, macrozoobenton, fish communities), of the status of the Dansbreaactindsiopnstream

of the Paks Nuclear Power Plant site, and of changes in the Danube properties, especially those of water habitat:
based on the parameters determined for the standard situations resulting from thenéiddilggl loé the

develpment and operation of an environmental monitoring system is proposed.

13.The geological formation and subsurface waters on the site and in its immediate environs

In this chapter the area subject to analysis is identified, the initial conditamicaf thenggion and the

subsurface waters on the site and in its immediate environs are characterized, and then the impacts of the
implementation, operation and decommissioning of Paks Il on the geological formation and the subsurface water
areanalysednd assesseA. proposal is presented for the implementation of a system for monitoring subsurface
waters.

14.Geological formation and subsurface waters in the Danube valley downstream of Paks

In this chapter the area subject to the analgsitfiisd, its baseline condition is described, then the method of
estimating the indirect impacts on subsurface waters in the Danube valley are specified and the indirect heat
impact of the operation of Paks Il is evaluated.
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15.Noise and vibration

Inthis chapter the noise generated by the implementation and operation of Paks Il are presented on the basis of
the baseline noise and vibration condition of the surveyed area, and then the noise reduction options and the
proposed ambient noise monitgstegrsare described.

The detailed data and calculations related to the measurements, and the data of the affected areas marked out as a

result of noiseodellinduring the environmental impact assessment are attached for use by DAKTF.

The subfold@aj_reges_alapmeresekthe folddPaksll_KHT_Zaj_mellekletekains the detailed data of the

2012 and 2014 baseline measurements, and si¥bldajhatasteruletekitains the graphic displays of the

defined impact areas, and the parcel numberfeoteétieasas.

16.Ambient air

This chapter describes the air qualityaimatiieedrea, the impacts of -natioactive air pollutants emitted
during the implementation and operation of Paks Il, and the recommended ambient air monitoring system.

17.Nonradioactive wastes

This chapter tackles the issues related to the generation and management of waste during the implementation
operation and decommissioning of Paks II.

18.Wildlife and ecosystem

In this chapter the exemplary biomonitoring analysesiafrikef the Paks Nuclear Power Plant are outlined,

the initial condition of the area is characterized and, based on this, estimates are given for the impacts of the
implementation and operation of Paks Il on the affected part of the Tolha Bectidre ¢gHtUDD20023)

according to Natura 2000.

19.Radioactive wastes and spent fuels

This chapter tackles the issues related to the management of radioactive waste generated during the operation an
decommissioning of Paks Il and of the spent fuels.

20.Ambient radioactivity, and exposure of the population living in the vicinity of the site to radiation

This chapter gives a description of the current ambient radioactivity on the territory within a 30 km radius of the
power plant, characterizes the kealiition of the population living within 30 km from the power plant, and the
exposure of the population living within 30 km of the power plantBasedliatiothe relevant radiation

protection requirements, the impacts of the implementatioatiamcofopaks 1l on the exposure of the

population of the site environs to radiation are modelled and evaluated.

21.Exposure of wildlife to radiation in the vicinity of the site

Based on the international recommendations for the limitations dfweilgldeute radiation, this chapter
presents the current and expected exposure of wildlife to radiation in the immediate surroundings of the site.

22.Summary impact matrices and aggregate impact areas

This chapter gives a summary of the findindgZaks theenvironmental impact assessmemimarympact
matrix determining the processes triggered by the direct impact factors related to its implementation and operatior
and the aggregated impact areas.
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SUMMARY CONTENTS BEEIAS:

1 Basidnformation regarding the planned project

1.1 Activities in preparation for the planned project
1.2 General description of licensing the planned nuclear power plant
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Abbreviated Complete name

___name

CNT Sz O] National Public Health and Medical Officer Service, Chief Medical Officer

ATWS Anticipated Transients Without Scram

BM Ministry of the Interior

BME Budapest University of Technology and Economics

CCSs Carbon Capture and Storage

CFR Code of Federal Regulations (US)

DBC Design Basis Conditions

DBT Design Basis Threat (the level of threat, as determined by the state, against which effective physical

provided by the party who tisgesuclear power.)

DAKTF SoutkTransdanubian Environmental and Nature Conservation Supervisory Authority

DAKTVF SoutkTransdanubian Environmental, Nature Conservation and Water Management Supervisory Auth

DDNPI DanubiDrava National PBikectorate

DEC Design Extension Conditions

DECC Department of Energy and Climate Change of the United Kingdom

EEC European Economic Community

PCD Preliminary consultation documentation

UN United Nations ] ]

ERBE MVM ERBE ENERGEZE§KAKkMRTeAKkMIbYdR R®szv®nyt 8r g

ESzCsM Ministry of Health, Social and Family Affairs

EUR European Utility Requirements

Euratom European Atomic Energy Community

E¢ M Ministry of Health

rkm river kilometer, rkm
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Abbreviated Complete name
name

MCP Main circulatipgmp
GCR GasCooled, GraphModerated Reactor
GM Ministry of the Economy
HLCR Hungarian Le@arbon Roadmap
LBR Local Building Regulations
HVAC Heating, Ventilation, Air Conditioning
IBSS International Basic Safety Standards
ICRP Internation@lommission on Radiological Protection
IKIM Ministry of Industry and Commerce
Ml Ministry of Industry
INES International Nuclear Event Scale
IRG Inert radioactive gas
IRM Ministry of Justice and Law Enforcement
KHEM Minister of Transp®@glecommunication and Energy
EIAA EIAS Environmental Impact Assessment AnBlygisonmental Impact Assessment Study
KHVM Ministry of Transport, Telecommunications and Water Management
SFIS Spent Fuel Interim Storage
K° M Ministry for Environmdpitatection
KPM Ministry of Transport and Post
KSH NKI Central Statistical Office Population Research Institute
KwWM Ministry of Environment Protection and Water Management
MWL Minimum water level
LOCA LOss of Coolant Accident
LOOP Loss of OffsiRower
LWGR LightWateiCooled, Graphioderated Reactor
MAVIR Hungarian Electricity Transmission system operator Private Company Limited by Shares
HOMG Hungarian Office for Mining and Geology
MEKH Hungarian Office of Energy and PubliRégiligtion
MIR Modernized International Reactor
MKEH Hungarian Trade Licensing Office
MKM Ministry of Culture and Education
MVM Zrt. MVM Magyar Villamos MTvek Z8rtk°rTen MTk°dR §

MVM Paks Il. Zr

MVMPaks| At omer R§nTt Koerj Ters zMTRk° dR R®szv®nyt§rsas

IAEA

International Atomic Energy Agency

NSR Nuclear Safety Regulations

NREAP National Renewable Energy Action Programme

NAS National Climate Change Strategy

NAS 2 Second National Climate Change Strategy

MND Ministrpf National Development

NM Ministry of Welfare

OAH NBI Hungarian Atomic Energy Authority, Nuclear Safety Directorate

P Parliament

OMSz Hungarian Meteorological Service

ORFK National Police Headquarters

OSSKI F r ®d ® rCurie Nationbl Reseanshitlite for Radiobiology and Radiohygiene
NZP National Zoning Plan

¥TM Ministry of Local Governments and Regional Development

Paks Nuclear | MVM Paksi Atomer RmT Z8&rtk°rTen MTk°dR R®szv®
Power Plant

Paks Il Paks INuclear power plapianned new nuclear power plant units at the Paks Site
PHWR Pressurized HeaWatetModerated and Cooled Reactor

PSA Probabilistic Safety Assessment

PWR Pressurized LighateiModerated and Cooled Reactor

reactor year

Oner e a c t -pear®eratmm odrresponds to a reactor year, in other words, the simultaneous opera|
currently operative approximately 440 reactors represents 440 reactor years (in one calendar year).

RHK Kft. Radi oakt?2v Hul lsad®k dNbaprkézel RfK2zii&dNot for p
Radioactive Wastes)
SWOT Strengths, Weaknesses, Opportunities, Threats
NCIS Nature Conservation Information System
TRU transuranium element (with an atomic nhumber higieri thatat of uranium)
GHG Greenhouse gases
VCTI VCTI Magyar Region8lis Fejleszt®si ®s Urbani g
FSR Final Safety Report
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HPS The Hungarian Power Grid System
DH Department of Hydrography
VVER 116t A{bmwds? ¢ dj tcstgitjeteirafgriPdvier Reactors
WANO World Association of Nuclear Operators
WENRA Western European Nuclear Regulators Association
ZMCS zone emergency cooling systems
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1 BASIC INFORMATIONTME PLANNED PROJECT

The ageof large power plants, which provide the overwhelming majority efideecapapity in Hungarian
electricity generation, is approaching, or in certain cases have already exceeded, the end®fdBsiridesign life
order to manage part oktipphside capacity shortage and in view of the planned life of the existing nuclear po
plant units, Hungary has started making preparations for building new nuclear power plant units.

The purpose of the project in preparation is to build twt geceratjon, pressurized water nuclear power plant
units, each having 1200. B&ffacity and an expected life of no less than 60 years, next to the Paks Nuclear Pc
Plant, for the generation of electricity for publicarsing to the timechedule determined in the National
Energy Strategytarting commercial operation in 2025 and 2030, respectively, in order to maksidm the suppl
share of about 40% of nuclear power in electricity generation over the long term.

The planned projeatsists of the following main elements:

i power plant technology,
U cooling water system for the power plant,
U connection to the Hungarian power grid.

1.1 ACTIVITIES IN PREPARZN FOR THE PLANNERDJECT

1.1.1 TELLERPROJECT

Pursuant to Article 7 (2) of Act CXVI of 1996 on Nuclear Energy, Parliament's preliminary provisional consent i
to start preparations for the building of any new nuclear facility. In Article 12. f. of its Decision N@rn40/2008. (I
energypolicy between 2aD® 2 0 , Hungaryodos Parliament reqguested
support decision making about the new nuclear power plant units. Following the laying down of the profi
environmental and social foundatighmyld submit its proposals for the need, conditions, type and installation of t
power plant to Parliament in due time. oo

The Teller Project set up by MVM Zrt has prepared expert studies, analyzing the relevant technical, ec
commercial, legal aratial considerations. The feasibility of various implementation options were examine
preliminary environmental assessment was prepared, and the issues related to the disposal of spent fu
radioactive waste were scrutinized. The findingstofdieesgere summed up in three decision support documents,
which state that the best choice is a modern pressurized water nuclear power plant, which is not a prototype, h
been licensed somewhere in the world, and has a useful life gkatrsetst@Obuilt at the Paks site.

Relying on the specialistsd analyses, Parl i ament
activities to support preparations for the building of new nuclear power plant units at the Paks site.

1.1.2 L£ v PROJECT

For the purpose of performing the preparatory act
Project in June 2009. The following main activiti

ordering thegparation of strategic analyses and inquiries to clarify financing options;
ordering the preparation of the first draft of a supplier tender documentation;
examining the connectivity of the new units to the power grid;

assessing the various cooling waigy options;

launching the compilation of a preliminary consultation documentation;

launching inquiries required for the preparation of an environmental impact analysis;
preparing the compilation of an application for a site permit;

assessing the work#orequirements;

surveying the range of potential domestic suppliers and regional businesses.

OO0OO0OO0OO0OO0OO0OO0OOo
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1.1.3 MVMPAKSII.AT OME R RBATTL E SZRT- RROJECTTOMPANY

In order to prepare for the building of the new nuclear power plant units, the MVM Gro&akigunded MVM
At omer RmT FejlesztR Z8r t k?©r TieZnt) oMlne26 WI2R®s zv ®nyt 8r

The most important tasks of the project company comprise determining the frameworks of the future implen
working out the financing details, agddawin the technical conditions (cooling options, environmental impacts).
an important element of the project, the licences required for environmental protection, for site use, for the usi
resources and for construction must be obtainefectlvempany is engaged in legal lsatinanatters as well

as the analysis of regional economic and social impacts. A further especially important task is to make sure th:
the new nucl ear power pl anthaspossidles wi | | boost Hung

1.1.4 REGULATORY SUPPORT

As a result of the above outlined preparatory activities, several elements supporting the implementation of
nuclear power plant units have been introduced into the Hungarian regulatory environment.

On 3 OctoberA)11, Parliament adoptel&imnal Energy Strategyhich identifies the directions of development
and operation in the next decades up to 2050, and declaresdinato facilitate the achievement oftigsnfong
economic and environmentaltiwbgicthe state wishes to maintain the current approximately 40% share of nucle
power in Hungaryds power generation.

In order to ensure a balanced development in nuclear power engineering in Hungary over the next thirty ye:
Decree No. 119812. (V1. 18.) the Government establishedvidrament Commission for Nuclear Energy
chaired by the Prime Minister, for the analysis of strategic questions related to the use and development o
power in Hungary.

In view of the strategic roleplay by nucl ear energy in Hungaryds pow
with regard to the provisions of the National Energy Strategy adopted by Parliament, in its Decree No. 1196/
18.), the Government declared the installaiomoé€lear power plant units at the site of the Paks Nuclear Powel
Plant as &ighpriority project for the national economyhich igssential for the safe supply of electrical
energy

1.1.5 SELECTION OF THE SNTD BE BUILT
1.1.5.1 HungariaRussianntergovernmental convention

On 14 January 2014, the Hungarian Government entered into an agreement with the Government of the
Federation on the renewal of the nuclear cooperation agreement, which was concluded by the two countrie
decade=arlier. Based on the agreement, two additional 1200 MW units will be built at the site of the Paks |
Power Plant with the Russian Competent Authority acting as the main contractor, for which the Hungarian Ga
will be granted an intergovetairiean from Russia.

1.1.5.2 Actll of 2014

During its 6 February, 2014 session Parliament approved the agreement concluded between theAwto governme
Il of 2014n the promulgation of the treaty on cooperation between the Government of Bowvgarnyreerd tie
the Russian Federation in the field of the peaceful use of nuclear energy. Here are the relevant provisions of th

Article 1i Object of the cooperation

The Parties shall cooperate in the maintenance of the output of the Pales Riarigdo®aied in Hungary, and

in its development, including the design, erection, commissioning and decommissioning of two new units with r
the VVER (water cooling, water moderator) type, each having at least 10@apacityhuals pided in this

Treaty below, in order to replace units 1 through 4, which will be shut down in the future.
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Article 5 Obligations of the Russian Party

(1) Prepare the feasibility study about the maintenance and improvement of the output aif Beeveakdadtcénd
conduct an onsite inspection;

(2) prepare the design and technical documentation of the core and auxiliary facilities of the power plant with the
computeaided design software (CAD) and documentation tools, and managss thetvedemgthe design
documentation and actual building;

(3) prepare a safety report about the power plant in view of the safety requirements set forth by the stahgtory regulatic
Russian Federation and Hun g atheynvieonntentd impatt AsEeasinent studycob m
the power plant;

(4) implement building and installation works in the various facilities of the power plant;

(5) provide onsite design inspection and oversight of compliance with the power plemdnigdimgvequistage of the
power plant construction;

(6) prepare a quality assurance programme for each stage of power plant building;

(7) supply the main equipment required for the nuclear island and the technical, electrical, automeasiptosistems, devi
and materials in the amount required for the commissioning of the power plant units, according to the requir
schedule and safety classification;

(8) provide technical maintenance services for the supplied equipment, includinthepptatminspare parts, and
the presentation of methods for preserving their condition and for storing these items;

(9) assist in organizing the repair activities required in power plant;

(10) organize and run test runs, ramp up and commissiondleamgower plant units;

(11) provide engineering and consultation services for the development of programs and actions for physical security;

(12) assist the competent Hungarian authority and/or the designated Hisaganiamadtgéming the special licences
required for the project to be implemented on the basis of this Treaty, including the transfer of the necessary inf
and documentation, as well as the required modifications made in the interest of tbemptaieenerits set by
the regulatory authorities;

(13) organize training artdairing courses for the nuclear power plant staff and the experts of the Hungarian Party;

(14) assist the development of the scientific, technical and technologinalpdegedopme of the nuclear power sector,
including the losatiorof the elements of nuclear power, nuclear and radiation safety through the application of Rus
experience and the appropriate developed technologies;

(15) compile the operationainiead maintenance and repair documentation;

(16) provide technical assistance to the Hungarian Desigreggdn@rtfenoperation, modatndrand reconstruction
of units 1 to 4 of the Paks Nuclear Power Plant, and in decommissionitiietRaksiduofear Power Plant when
their design life is over;

(17) participate in basic research and development aimed at the provision of fundamental scientific supybrt to applice
facilities related to the operation of the Paks Nuclear Power Plant

(18) participate in the training of Hungarian and Russian students and/or scientists for the operation ofatee Paks Nucle
Plant, in technical matters related to the peaceful use of nuclear power;

(19) provide nuclear fuel supply, manage tligesdectuding recycling), and handle nuclear waste based on the provision:
of Article 7 of this Treaty.

Article 6/ Obligations of the Hungarian Party

(1) Furnish accurate initial data required for designing and building the new units of Bevealdaxticlear

(2) hand over the construction site required for the new units of the Paks Nuclear Power Plant to the Russian De
Orgarsiationprovide access to the area for the Russian Designatatio@ugetine Subcontractors;

(3) submit theesign documentation relating to the development of the Paks Nuclear Power Plant for analysis by govel
specialists, and obtain the subsequent expert opinions;

(4) obtain the appropriate special permits and licences prescribed in the releaant Eunggtitations, required for
implementing the project;

(5) assist the Russian Competent Authority and/or the Russian Desiggiztean@igyatiie Subcontractors in obtaining
the special permits and licences required for the performanceligdtitihvesr stipulated in the Implementation
Agreements;

(6) prepare its part of the design documentation in the subject areas and within the time frame agreed with the
Designated Orgsation

(7) participate in the preparation of the safesydetherenvironmental impact assessment study for the Paks Nuclear Powe
Plant with the help of the Russian Designatesatmani

(8) prepare the technical documentation and manufacture the equipment according to the Implementation Agreements;

(9) suply items and materials of the equipment in compliance with the Implementation Agreements and the tec
specifications given in them;

(10) manufacture and deliver the consumables and repair instruments for the equipment in compliancéiavith the Imple
Agreements and the technical specifications provided in them;
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(11) inspect and accept the equipment, devices, tools and materials as per the Implementation Agreements;

(12) design and build the infrastructure facilities at the site of the HRkseNwRibra; including water and electricity
supply, access roads and auxiliary facilities, in compliance with the Implementation Agreements;

(13) provide water and electricity supply to the infrastructure facilities in every stage of thétheplanmuairojeots
relating to the Paks Nuclear Power Plant;

(14) prepare and coordinate with the Russian Designaatib@ngaguality assurance programs which the Hungarian
Designated Orgsatioris required to perform, in every stagengpldraéntation of the various projects relating to the
Paks Nuclear Power Plant;

(15) ensure that the persons acting for the benefit of the Russian Desgatatech@®tiyarBubcontractors can stay and
work in Hungary in compliance with the relaganiaH regulations in the periods required for their work;

(16) obtain the import licences for the equipment, materials, works and services required for the implewtentation of th
stipulated in this Treaty, and organize customs clearagoedsiitteccordance with the approved procedural rules;

(17) provide the workforce required for the implementation of the projects included in this Treaty;

(18) participate in the work preceding commissioning and putting into operation the Petg DhitdezfrtRower Plant,
according to the Implementation Agreements;

(19) coordinateork related to the manufacturing and delivery of equipment manufactured on the territory of Hungan
Competent Authorities agree on the list of such equipment and the conditions of their manufacturing and delivery);

(20) develop and implementatfe¢ysmeasures required for the physical security of the construction area of the new unit:
the Paks Nuclear Power Plant;

(21) guard the equipment, instruments and materials at the site of the Paks Nuclear Power Plant;

(22) provide uninterrupted fimguas required for all work, transport and services required for the implementation of
projects included in this Treaty;

(23) consult with the Russian Party about trainirgiaimréhe staff required for the Paks Nuclear Power Plant;

(24) partipate in basic research and development aimed at the provision of fundamental scientific support to applicati
facilities related to the operation of the Paks Nuclear Power Plant;

(25) participate in the training of Hungarian and Russian dardecientisis for the operation of the Paks Nuclear Power
Plant, in technical matters related to the peaceful use of nuclear power.

Article 7i Fuel supply and the management of spent fuel

1 The Parties shall ensure that their respective Authorsa®gartlude agreements (contracts) for supplying fuel to
the new units of the Paks Nuclear Power Plant, in the form of fresh fuels, in the amount requingdaiad the initial fill
subsequent replenishments, and the provision of contioé mrdsunt required for operation. The supply obligation
shall be valid and enforceable for at least twenty (20) years and may be extended.

2 The Parties shall ensure that their respective Authorsa®gardlude agreements (contracts) fioarthgement
of the spent fuels handed over (together with all their components) on the basis of the Implementation Agre
Management shall mean that the spent fuels are transported to the territory of the Russian Federation for tel
technologicatosage or technological storage and reprocessing. The spent fuels, or in the case of reprocessing
nuclear waste shall be stored on the territory of the Russian Federation for a length of time prescribed in the ag
(contract) mentioned in Arfigiaragraph 1 for the purpose of nuclear fuel supply, and subsequently they shall |
returned to Hungary.

1.2 GENERAL DESCRIPTIGNLGCENSING THE PNED NUCLEAR POWERNPL UNITS

The licensing procedures of the new nuclear power plant units canidoheifatleding topics:

Radiation protection

Environmental protection

Water law

Nuclear safety

Power engineering

Technical supervision

Architecture

Additional licensing and other procedures

NG~ wWNE

As several thousand permits and licences need to be dbmicea ftete licensing for the planned nuclear power
plant, only the most important permits and licences are listed below.
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Radiation protectionNat i on al Public Health and Medical Offic

Dose limitation permit

Environmental protectioh SouthTransdanubian Environmental and Nature Conservation Supervisory Author
(DAKTF)

Environmental permit
Water right§F ej ®r County Disaster Control Directorate
Preliminary water rights license
Water rights implementationiper
Operating license under water rights
Nuclear safety Hungarian Atomic Energy Authority
Site inspection and assessment permit
Site permit
Implementation permit
Construction permit
Occupancy permit for buildings and building structures
Systertevepermits

Manufacturing permit
Procurement permit
Installation permit
Type permit

Commissioning license
Operation license
Power engineering
Power Plarit Hungarian Office of Power Engineering and Public Utility Regulation
Preliminary license for powes ilawing a significant impact on the operation of the power grid

Implementation permit by the Hungarian Office of Power Engineering and Public Utility Regt
(MEKH)

Electricity generation license issued by MEKH

Grid connectioftransmission lin®aa nya County Government Office,
and Technical Safety

Permit for preliminary works
Line permit
Operation license

Technical supervisidnHungarian Trade Licensing Office
Building permits falling within the competeneeiofdnan Trade Licensing Office (MKEH)

The licences to be obtained from MKEH during implementation (e.g. for pressure vessels, district heatir
hazardous waste stores)

Occupancy permits falling within the competence of MKEH
Architecturé Municipalities
Building permits falling within the competence of municipalities
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Additional licensing and other procedures

Physical security
Procedure as regulated in Article 37 of EURATOM
Procedure as regulated in Article 41 of EURATOM

Parlament

OAH

Telephely vizsgalat és Dézismegszoritas
ertekeles

Telephely alkalmassag
megallapitdsa

MEKH

A villamosenergia-rendszer
uzemét lényegesen
befolyasolo erémdi elvi
engedélye

Orszagos Renddrfokapitanysag,
ANTSZ OTH, ANTSZ SD,
Katasztrofavédelmi lgazgatosag

ElGzetes konzultacio

Kornyezeti hatasvizsgalat

Katasztrofavédelmi lgazgatosag

Elvi vizjogi és vizjogi

létesitesi engedélyek

OAH, MKEH, dnkormanyzat

Rendszerszintl engedélyek

OAH

Fizikai védelem OAH
Sugarvédelem T S <€
Thzvédelem Létesitési engedély
MEKH
Létesitési engedély
OAH

Epitési engedély

KTF

Uzembehelyezési engedély |«

OAH

Uzemeltetési engedély

MEKH

Mikodési engedély |1—

ParlamenParliament
E | v i iPdefirnnar®decision El vi
Tel ephel yiSkerpgmitd ® ye z ®s

K°rnyezet v ®di&€hvimohmestal icende®| y e z ®s

Katasztr -
v2zjogi
and water rights implementation permit

Fizikai v®del em,

Vizjogi Gzemeltetési
engedélyek

f a vi®idastér @antrol Directorgta t - s § g

OAH- Tel ephely v i zis@A8lISiet insp&ton @d t ® kpeolectian, fire protection

assessment

®d RiPelainaoygvater Fights lecenéet ® s i

i PhysigaB prote@idre tadiation t T z

D- zi s meibDosagelimk t § s
KTFE| Rz et e si KkFBreliminary tdhsultation

MEKH. ®t e s 2 t BMEKHmplangeetati@ Ipgrmit
OAH, MKEH, i OAHKMKEH) Bunicigalities
£p2t ®s i Buidimgperchi®| y

Tel ephely al k ailmplansatingof siteesgjtgbllity a p 2 t ©AH r e nd s z e r iOAH systeih leehpgrmit/@énges k

K°r nyezet iiEnhiranm&nsaMmpacs Asgessment

Or sz §8§gos Re niNaRandl Rokca ldeiadqéarieyss § g
CNTSZ OTH, CNTSZ SD,

Katasztr - f avi®idastér @introl Djrectorgta t - s 8 g
MEKHVillamosenergiendszeg z e m®t | ®nyegesen

impact on the operation of the power system

befoly8sol
e n g eidMEKHpreliminary licence for power plants having a significant

OAH ¢ z e mbe heilOAl co®missionsgligeaa: ® | y

KTF v2zjogi ¢ 7Wateerightssopegatng licenceg e d ®1 y e k
OAH; z e me | t e i GAHimamnagementdi@hcy

ME K H mTk° d®siMEKH e nogegatin@| y licence

er RmT el vi

Figurel.21i 1: Nuclear power plant licensing procedure
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1.3 CURRENT STATE OF ROINMENTAL LICENSINGRFIHE NEW NUCLEARMEER PLANT UNITS

Based on Article 66 (1) of Act LIll of 1995 on the general rules of environmental protection, any activity si
environmental impact assessment can only be started in possession offitied asldvasippealable
environmental license issued by the environmental authority of the affected region.

The activities subject to environmental impact assessment are listed in Annex 1 to Government Decree No. :
(XII. 25.) on environmentadhgssessment and on the unified procedure of licensing the use of the environm
Section 31 of this Decree deals nuclear power plants without any size limitation.

Thus, as a precondition of implementing the two nuclear power plant unitselefttiz@0 ddyput each, the
environmental impact assessment prescribed in Government Decree No. 314/2005. (XII.25.) must be condt
findings must be summed up in an environmental impact assessment study, an environmental licensing proce
be coducted on their basis, and as a result of this procedure, an environmental license must be obtained.

During the environmental licensing of the new nuclear power plant units planned to be erected at the Paks
licensing authority as the compethnappointed to deal with matters related to the site of the Paks Nuclear Pow
Plant is the Sotithansdanubian Environmental and Nature Conservation Supervisory Authority (hereinafter: DdK

1.3.1 PRELIMINARY CONSULIDNTDOCUMENTATIONTEE POTENTISIUNT TYPESPCD)

The environmental licensing procedure started on November 10, 2012 by the submission of preliminary col
document ation No. 6F111121, entitled AMVM Magyar
Unitsopyce®@myYRNe@&Rf TERV Energetlj!kai TervezR ®s VS§I

The PCD was prepared on the basis of the specification of the 5 unit types that may be installed on the Paks si

Areas within a radius of 10 km and 30 km were studied in the PCD.

Download the PCD from the website GfARAZrt at:
http://iwww.mvmpaks2.hu/hu/Dokumentumta+dlanesdd
http://iwww.mvmpaks2.hu/hu/DokumentumtafenazEpdd
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Figurel.3.11: Areas studied in the PCD (10 km, 3@ km)[1

In thecourse of the procedure conducted by th€&r&osdlanubian Environmental, Nature Conservation and Water
Management Supervisory Authority, the following public administrative authorities made comments:

Public administration agency file number
TolnaCounty Government Office, Public Health Administration XVHR-084/01550/2012
Tolna County Government Office, Public Services Department, Cultural Heritage Protectiq 1-P-18/184/2012
Szeksz§grd
Tolna County Government Office, Pl&diilaPbtection Directorate 26.2/1272/2012
Baranya County Government Office, Forestry Directorate II-G033/8061/1/2012
Baranya County Government Office, Construction Office, State Chief Architect II-D-15/1572/2012
P®cs District Mining Inspectorate PBEK/3512/2012
District administrator of Pusztahie@cge® r k ° ny 629/2012
Di strict admini sN®mdeiGkrf®nof Dunaszentgy?®r g 62552012
Admi ni strator of B°l cske 19852/2012
District administrator of Zomba, Harc and Medina, repoéeattiviedina 8192/2012
City administrator of Kalocsa 83561/2012/H

Tablel.3.11: Public administration osgaiois that commented on the PCD:
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The following parties had not maderament up to the publication date of the Opinion:

Tolna County Government Office, Paks District Land Registrar
Hungarian Atomic Energy Authority
Titular city administrator of Paks

District administrator of thiec communities Nagydorog, Bil
District administrator of K°l|l esd, Ki stor m§s, Kaj dacs
District administrator of FoktR and Dunaszentbenedek
District administrator G®derl ak, Ordas and Usz-d
District administrator of Harta and Dunatet®tl en
District admini $¥tegteerofR Homokm®gy and

District administrator of Szakm8r and bDjtel ek

District administrator of Miske and Dr 8§gsz®l

District administrator of Si-ag8rd and F8c8nkert

Di strict admini strator of Bogyiszl -, T eafsg ¥ajta, Tolna, Sezee d r e s,
Dunaf©°ol dv§r, El Rsz8I1 1 §s

DdJKTVF requested legal aid from the Road, Rail and Waterways Office of the National Transport Authority for |
these having competence; the opinion of the Central Transdanubian EnvironGuergelyMNaorand Water
Management Supervisory Authority, for reasons of having jurisdiction, and a declamatioeDfror® theaD Nat i o
Park Directorate. The affected satjanihad not made any comment or given any declaration up taahe publicat
of the Opinion.

Publicity

In the course of the procedure, the Energiaklub Climate Policy Institute and Applied Communications re
acknowledgement of its customer status, and on this basis it requested access to the PCD for ingpgction and f
an opinion. Based on the statutes of the club, DAKTVF approved its customer status, and provided the Club w
to the electronic version of the consultation application. Up to the publication of the Opinion, Energiaklub
expressed its pjuin on the PCD.

During the procedure, neither DAKTVF nor the administrators of the affected communities received any comr
the public in relation to the preliminary consultation.

In view of all these, DAKTVF published its Opinion under &&2K01858n December 21, 2012, stating the
following:

1 implementation of the planned nuclear power plant is an activity subject to environmental impact assessn
9 based on the available information, in the course of the preliminary consultatisnpR2okdNi6rsteat
would preverthe environmental licensing prodedatation to the planned project
1 the environmental impact assessment study must be prepared in accordance with the content requirem
forth by DAKTVF and in Annexes 6 gadvetament Decree 314/2005. (XII.)

1 the specialized parts of the environmental impact assessment study may be prepared by licensed expert:

DJKTVF emphasized that the statements made in the Opinion reflect their position and the observations ma
pubic administrative orgatios may differ.

International procedure

The implementation of a nuclear power plant is subject to the provisions of Government DetBpd8/1999. (.
the promulgation of the Espoo (Finland) Convention on EnvipaunAstddsment in a Transboundary Context,
signed on February 26, 1991, and to Council Directive 85/337/EEC on the assessment of the effects of cert
and private projects on the environment, as amended by Council Directives 97/11/B@, Z0P3RAZHT i

the European Community.
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In order to start the international procedure, under the Espoo Convention, DAKTVF sent the PCD and its
language versions to the Environment Preservation Department of the Ministry of Ruwalidevétopradr8)
countries of the procedure. The contacted countries and their positions on the procedure are summed up in the
table:

Notified potential participant | Participation| Statement of intention to participa Observations
Austria Yes wished to participate sent comment
Belgium N/A
Bulgaria N/A
Cyprus No did not wish to participate
Czech Republic Yes wished to participate sent comment
Denmark N/A
Estonia No did not wish to participate
Finland N/A
France N/A
Greece Yes wished to participate sent comment
Netherlands N/A
Croatia Yes wished to participate sent comment
Ireland N/A
Poland No did not wish to participate
Latvia N/A
Lithuania N/A
Luxembourg N/A
Malta Yes wished tgarticipate sent comment
Germany Yes wished to participate sent comment
Italy N/A
Portugal N/A
Romania Yes wished to participate sent comment
Spain No did not wish to participate
Switzerland N/A
Sweden N/A
Serbia N/A
Slovakia Yes wished to participate sent comment
Slovenia Yes wished to participate did not send comme
United Kingdom N/A
Ukraine Yes wished to participate did not send comme

Tablel.3.12: Countries contacted in the course of the international procedure

A total of approximately 15 thousand letters were received from the other countries, which included quest
comments that may be classified irdlhavan§ 10 topics:

Topics
Comments related to the energy strategy
Comments on serious accidents and malfunctions
Questions regarding nuclear safety
Remarks related to nuclear damage liability
Presentation of the effects of the fajldieebn the environment
Comments on the management of radioactive waste
The aggregate impacts of the two power plants, and the effects of the
plant on the old one
Comments on the content of the environmental impact assessment st
9 | Economic considerations
10 | Comments on other matters

N[OOI~ |WIN|F-

(0]

Tablel.3.13: Questions asked in the course of the international procedure

The responses given in writing to the individual guesperdf are included in the chapter on international affairs.
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1.3.2 ENVIRONMENTAUPACTASSESSMENSTUDY(EIASDF THHEPAKSII NUCLEARPOWEHRPLANT

The purpose of the environmental impact assessment analysis (EIAS) performed before erectiray the Paks |
Power Plant on the Paks site is to identify and evaluate the environmental impacts of the planned nuclear po
technology on the individual elements and systems of the environment depending on the condition and load c
the design area.

If based on the legislative background and the professional positions, the impact assessment conducted in th
of conditions does not identify any inadmissible use or exposure for any environmental elemeno or system,
environmental considengprevents the installation and operation of the two 1200 MW units.

1.3.2.1 Design basis condition surveys

In order to provide a baseline for the environmental impact assessment analysis (EIAA), surveys and analy
been made from 1 March, 2012 on tharstasiyn the following topics in order to assess the current state of th
environment and characterize and appraise the baseline condition on this basis.

. Charactesationof the site

II.  Weather conditions
a) Meteorology
b) Micreand mezolimate in the vicimtyhe site

lll.  Description of the geological formation and the ground and underground aquatic environment
a) Description and characteristics of the geological formation
b) Description and characteristics of the subsurface aquatic environment
c) Hydrological charaisggiorof the site
d) Condition of the Danube and other surface waters
e) Condition of the river bed and the embankment wall of the Danube

IV. General characteristics of the ambient radioactivity
V. Assessment of noise and vibration exposure
VI.  Assessment of air quality

VII.  Wildlife health status
a) Exposure of the wildlife to radiation (with human exposure excluded)
b) Model biomonitoring surveys

VIIl.  Population health status
a) Definition of the populationbs exposure to I
b) Health status of the population living in the surrmiutheirsiie

The baseline measurements, tests and analyses providing the input data for the environmental impact as:s
analyses were completed in 2012, thus the relevant closing date is 2012. The closing date of data colle
meteorological aysds differs from this, as it is 2010.

The year 2012 was extremely dry. The findings of biomonitoring surveys reflected the extreme drought recort
year reviewed. In order not to record the baseline status of the wildlife under sualreattiezrnehyddigns, the
biomonitoring surveys were repeated in 2013. For this reason high water measurements on the Danube w
carried out in 2013.

In all cases when subsequent onsite surveys were made in 2013 or when analyses werer piaearéel gvith late
high water measurements on the Danube, analyses of the data from groundwater monitoring wells), the closir
the affected data is shown for the specialist fields involved.

Study areas

In the course of the baseline surveys codduiog@012013, the area marked by a circle of a 30 km radius from
the installation site of the new units was taken as the area for the general status survey of the site environs.
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The majority of the surveys conducted by the various speciatistdiettist@drwithin this boundary. The Danube
study areas fundamentally differ in various extent in the individual topics, and in certain cases the full leng
Danube in Hungary was surveyed.

As the hypothetical impact is expected to occuinithiof @ 3 radius, more detailed analyses were conducted
on this territory. Hence the baseline status of the Natura 2000 areas outside the Danube was also surveyed o
of the area.

The detailed biomonitoring surveys and flora mappisg peferaned on the hypothetical direct impact area, i.e.
within a circle of 3 km radius.

The ongear survey of the baseline air pollution was conducted on the expected direct impact area, adjuste
location of the points to be protected. Ehendortbration measurements were also performed on these areas.

The field surveys aimed at determining the properties of the area, including those for characterizing ge
formations and subsurface waters, were also conducted on the plaamadiastatidttheir immmediate vicinities.

The various study areas included the following:

Area surveyed for Largest estimated impact areas
general indirect impact area direct impact area
charactesation
Designation of thi r=30km r=10km r=3 km
area
Area of the territg 2,826 ki 314 krh 28.3kn?

Tablel.3.21: Areas surveyed for the baseline report and their dimensions
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The following professional oggditis contributed to tleéaboration and execution of the
survey and evaluation programs that provided the basis of the environmental impac!
assessment analysis:
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1.3.2.2 Technical conditions and installation site plantier environmental impact assessment
analysis

The Hungaridussian intergovernmental convention concluded on 14 January 2014 specified that two new R
1200 MW capacity units will be built on the territory of the Paks Nuclear Power-P2AYreathdvdER

Pakdl. Considering data from the already operating Paks Nuclear Power Plant, MVM ERBE Zrt. prepared anc
the framework of technical conditions and the installation site plan, which makes it possible to assess the envi
impact®f Paks Il Nuclear Power Plant and fits the present stage of planning in the depth of its details, basec
data that the supplier of the units provided in advance, data already published from power plants that al
constructed as well as referdata from public databases, presentations and units that have been completed so
using the figures of highest environmental emissions causing the biggest environmental impact.

On the installation site plan the buildings and structures were dneubgsds @f technological considerations,
taking into account the technological units with the known maximum spatial requirement. The specifications fol
were also given on the basis of data reported by the supplier and taking inttheostsidetuatie of the existing
nuclear power plant.

In conformity with procedure presented in the PCD, fresh wateracabyseiiwdstail as the applicable cooling
method. The points where water is taken from the Danube and where bbawaiinsodise Danube and the
methods applied during these operations differ from those presented in the PCD.

In order to identify the appropriate foundation construction technology, the successive layers obtained b
performed in recent yearerfiwironmental protection purposes provided the starting data for estimating the expe
foundation depths. Later on, all the buildings and structures located on the construction site will have to be din
with a view to fire protection and edrthigasistance. For certain buildings other special sizing considerations al
need to be taken into consideration, such as sizing to minimize the impact of aircraft crash, sizing for radiation,
vibration protection and the creation of sallitige fa protect the geological formation and subsurface waters.

The construction licensing documentation, including the structural and architectural design of the buildil
structures will be based on the results of drillings performed ehlaggahexgploration programme and during
various geological surveys, as well as specific soil mechanical analyses.

Based on the above, as the work proceeds, changes may be made in the arrangement and in the sizes
functional, building physicklibgistructure, earthquake resistance and fire protection considerations and the as
unknown considerations of the supplier of the units.

The volume of the necessary supplies was determined on the basis of the technical solutions, dadic specifica
the installation site plan prepared for the completion of the EIAA. The sources of the supplies are not yet |
specific orgaaitioal plan will be prepared when the implementation is planned. The sources and volumes
supplies and the paeders of movements within the area will be specified in that stage of the planning procedt
the course of preparing the EIAA, calculations were made for every conceivable route within the circle with a re
km specified by law.

The processnd the circumstances for shutdown, decommissioning, and dismainting Rags lid er i ng t
expected life of at least 60 yezasnot be defined at the moment.

1.3.2.3 Environmental Impact Assessment Analysis (E3AB)vironmental Impact Assessment
Study (EIAS)

The sever al mont hsé | ong process of environme
on the basis of the framework of technical conditions and the installation site plan valid in M
2014.

Thus, from among the versions taken intoratomside the Preliminary Consultation Documentation (PCD), the
Environmental Impact Assessment Study (EIAS), which describes and sums up the results of the Paks Il envii
impact assessmemtalysethe assessability of significant environneanted ohthe Russian nuclear power plant
technology selected for implementation, its main connections, cooling water intake, discharge of the heated
the Danube, and the unit line that carries the electricity generated in the powkinglamiy alscotmt the
opinions given on PCD.
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The environmental impact assessment study did not address any economic or financial matters related to the i
of the planned units.

The content of the EIAS is structured on the basis of thesgeptoaisdgiven in Annexes 6 and 7 of Government
Decree 314/2005. (XII. 25.).

# 6.-on the general requirements for the content the environmental impact assessment study analysis
# 7. defining the impact area for the completion of the envirgaieabsament study

Based on the completion of the EIAA and its findings the EIAS was compiled for those parameters that exert th
environmental impact on the individual environmental elements iatakisygsiatosconsideration the gigen ba
condition of the Paks site.

The purpose of the Environmental Impact Assessment Analysis is to identify and evaluate the environmental i
the power plant technology on the individual elements and systems of the environment depiéndigadn the con
load capacity of the design area, defining the areas affected by the planned project.

If based on the legislative background and the professional positions, the impact assessment conducted in th
of conditions does not identify anyssibtimiise or exposure for any environmental element or sygiem, then
environmental consideration prevents the installation and operation of the two 1200 MW units.

Solt

Dunafoldvar

Paksi Atomerdmd

Kalocsa

Tolna

Szekszard

blue circle: estimated area of directly affected territories

greertircle: estimated area of indirectly affected territories

purple circle: area surveyed for general cbatiacteri

orange circle: area of a 25 km radius surveyed to meet a statutory obligation for the impacts of supplies

Figurel.3.21: Various areas surveyed in the-E]A12]
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Areas surveyed in the framework of the EIA and their dimensions

General description | Deliveries Largest estimated impact areas
impact area indirect impact area direct impact area
Designation of th r=30km r=25km r=10 km r=3km
area
Area of the territc 2826 km2 - 314 km2 28.3 km2

Tablel.3.22: Areas surveyed during the EIA ardirttegisions

1.3.3 OFFICIAL CONSULTATSCRRECEDING THE RRONMENTAL LICENSMRDCEDURE FOR THKS
[INUCLEARPOWERPLANT

In order to clarify the detailed content of the PCD Opinion (DdBA/Z618588d the impact assessment

analysis,

a professionabkatiation took place on 28 January 2014 with fieaSsadahubian Environmental and

Nature Conservation Supervisory Authority (DdKTF).

Here are the main conclusions of the consultation:

X

The EIAS was prepared for a power of 2 x 1200 MW, withmuthepégile of units, taking the most
disadvantageous environmental impacts into consideration.

Concerning surface water the decision issued on PCD contains the following:

fiBase the worst case cool i ng lovwest#ow vatuesuimsteddn g
of the average minimum stream flow values. 0

However, analysis of the data available for recent years has made it clear that the highest temper:
water in the Danube does not coincide with the minimum streameflthe, Bia&&hould be based
on the appraisal oft#a actual circumstances.

In respect ohodellinghe exposure of the Danube to heat, the provisions of Decree 15/2001. (VI. 6.)
the Minister for the Environment on radioactive emissionsidottheara and on their control shall

apply.

Due to the change in the route of the coolant to be discharged into the Danube, Natura 2000 are
would have been affected according to earlier plans are no longer affected by the project, consequ
separate Natura 2000 impact assessment study is no longer needed. A chapter in the EIAS current
prepared will include the examination of the Natura 2000 territory concerned, in compliance wi
requirements for the content of the Governmeat 2282004 (X. 8.) on areas designated for
environmental protection of European significance.

Other projects that necessitate independent environmental licensing procedures are only mentione
EIAS, just as the new M6 highway exit, the porbadd;ttieeir impacts do not need to be evaluated.
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2 FORECASTS AND STRAITHSRELATED TO THRRNED PROJECT

2.1 FORECASTING ELECTRYGTONSUMPTIONHMNGARY

Forecasting loterm developments in the electric power system in Hungary is one of the imyptasst aftatuto
MAVIR Zrt. (MAVIR Hungarian Independent Transmission Operator Company Ltd), the system operator. Th
operator must assess the expected future electricity consumption, and must monitor chateas entrg\gystem
balance, power mi@apacity, the public electricity network and consumption.

2.1.1 FORECASTING ELECTRYGTONSUMPTIONHBNGARY UP 12030

Since 2012 forecasts on consumer demand and the presentation of meitmcapaddityglevelopment of the
Hungarian electric pogystem have been published in a separate study, based on the electricity consumption
system load data of the past few years and on the economic growth predictions of various economic research
The shotterm forecast for the period uglt820r el i es o n MArmRiesastss Whderthe pesiodd 1
up to 2030 is forecast on the basis of the predictions made in the National Energy Strategy 2030.

The analysis of the period to 2030 contdina thleaudifferent i n
scenarios, as illustratdtigure?.1.11.
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Figure?.1.11: Expected net electricity consumption up t82030[2

Thebaseline versiocompliant with the strategic objectives (marked byiree gnettre figure) reckons with an
annual 1.5% average increase in the net electricity consumption for the period to follow 2014, and then after
pace will decline slightly. In addition to the baseline version, as an fak&nalereaadhcrease version

(marked by a blue linis)also given, with an annual demand growth rate betwdérbgtdveen 2014 and 2020,
slowing to 1.4% by 203@eand course slowtrtan the baseline vergwarked by a red linexpects demand

to grow at 1foa. between 2014 and 2020, and a gradual decline to 0.8% p.a. by 2030.

The net electric power consumption is expected (according to the baseline version) tonl@adiboay 40 TW
increase to 44 Ty 2030.
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The total electric power consumptionngnctudiumption by the Hungarian power plants as well as system loss) m
reach 47.6 Tavt 2020 aridaccording to the baseline vear&dry TWin 2030.

From among system loads, peak load has a key significance in tesids chpagjily developtne

Figur.1.22i | l ustrates demand for the expected
also taking into consideration theopeakdrement and the reserve capacity required on a system level.

13 000
12000
11000
10000
9 000
8 000

MW

5000
4 000

3 000 -

2 000
1000
0

7 000
6 000 -

csucsterhelés

2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

ev

= atom

™ szeén gaz = olaj kis gaz W kis bio ™ kis meguj ™ Szikseges uj

Cs Yac s fiReaklioad ®s
atoniinuclear

s zi®aal
g §gas
olajoil

k i sisnp&gas

kis bibsmall biomass

ki s 1smalgréagwable
s z ¢ k si®eguired néyj

Figure.1.12: Required new power generation capafity [2
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Based on the forecast, the installed capacity of large power plants will decrease by about 3,500 MW by 2030, ¢

to 2013Table2.1.11). Such a dramatic drop will be caused by-tleevahand scrapping of aging Hungarian power
plants. This means that the primary factor driving the construction of new powenants o thid power

plants, and consumption increase is only a secondary trigger.

Installed power
Year: 2013 2018 2023 2030
Large power plants MW 7,621 5,712 5,542 4,111
Small power plants MW 1,458 1,299 1,144 1,009
Total existing power planj MW 9,079 7,011 6,686 5,120

Table2.1.11: Future installed electric power capacity of all the remaining pejer plants[2

Renewable energy sources and small power plants can cover only a part of the forecast capacity shortage (ne
MW in 2030), since the conditions for their installation and use have gradually worsened, and so in the fu

projects can only be plated under leflsouable conditions, and their competitiveness is doubtful.

The total requirement cannot be met by increasing the import capacity, primarily as this would jeopardize the
power supply, and secondly because technica} fefasibitiing such a clomsier capacity is questionable, and
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the practical availability of import opportunities is also doubtful, as they depend on regional power plant deve
and the current market conditions.

A capacity shortage of this sizédshe reduced by newly built power plants with a high unit capacity. The construc
of a new nuclear power plarfaigoasble solution for obtaining a part of the missing resources, as the generation
electric power by a power plant is econefficiailt, allows safe power supply over the long term, and the require
fuel can be purchased from several sources on a safe basis and at a calculable price.

2.2 NATIONAIENERGYSTRATEGY?030

The main purpose of the National Energy Strategy appariachdmyt in the autumn of 2011 (Decision No.
77/ 2011. ( X. 14) of Par | i atonmakd Humgary sieifficeent With tregasdnta | E
energg .

The document entitled ANational EcisienrNg.y77/2811r (4. 114 of y 2
Parliament, and contains recommendations for the stakeholdersraneteaséittre Hungarian energy sector for
the period up to 2030 and puts the measures recommended for this period in a longer term pegEtive leading

The purpose of the Energy Strategy is to guarantee safe energy supply in Hungary at any time, to incre
competitiveness and sustainable growth of the Hungarian economy in a way that takes account of envirc
sustainability, the acdabsi of services and prices that are affordable for a broad range of consumers.

The following objectives should be achieved in th

() introducing energy efficiency measures encompassing the antreagyphption chain;
(i) increasing the share ot#ston electric power generation;

(iii) promoting renewable and alternative heat generation;

(iv) increasing the share efdolon transport modes.

In order to achieve these goals, accordingoicutinent the following tasks must be completed:
x increasing energy saving and energy efficiency,
x boosting the proportion of renewable energy in power consumption as much as possible,
x promoting safe nuclear energy and the electrification of trgrssjmbrensirgy,
x integration of the Central European transmission network and building theb@qieiredpacsies,

x using Hungaryds coal and |lignite stocks in e
The National Energy Styadeglses the following scenarios:
Assumptions up to 2050
Scenario New base load power plants Ratio of electric power from renewabld

Nuclear Coal 2030 2050
nuclear green 2000MW oMW 15% 20%
antinuclear green oMW oMW 15% 20%
nucleaf greer(+) 2000MW oMW 20% 35%
nuclear (¥)green 4000MW oMW 15% 20%
nuclear coali green 2000MW 440MW 15% 20%
antinuclear green (+) oMW oMW 20% 35%

Table2.21: Scenariosnalyseth the National Energy Strategy

In the interest of developing a competitive, safe and sustainable energy sector, the impterolest@étoalof the
dgreerscenarits preferred in electric power generation, based on the analysis of theapiossibléssseenario
consists of the following components:

U longterm maintenance of nuclear power in the energy mix;

U sustenance of chalsed power generation for two reasons:
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(iman energy <crisis (e.g. a sharp natur al
only quickly harnessable reserve;

(i) in order to prevent the ultimate loss of the relevant valuable professional culture an
maintain the opportunitiéscoéased future use, while complying with the sustainability and
GHG emission criteria (the full application of carbon capture and storage as well as c
carbon technologies);

U in respect of renewable energy, linear extension of the National ieggg\wakienEProgram after
2020 with the proviso that efforts must be made at increasing the targeted ratio depending on th
bearing capacity of the economy, system regulability and technological developments.

In the framework of the economic implsisaof the various scenarios formulated in the National Energy Stratec
(Al mpact Analysis under the National Energte Str at
opportunities of decarlatiois in the Hungarian power generdtistny weanalysed

The main conclusions included the following:

V Decarbosation of the Hungarian electricity industry is highly capital intensive (whilec@sisuring low
operation at the same time), requires production capacities (nucledrgnadmdrtb@aapplication of
carbon capture and storage.

V Development of the carbon capture and storage technology is a critical factor in the creation of
emission energy sector, and in the long term its application needs to be studiaddforabathl g@el
fueled power plants.

V If the Paks Nuclear Power Plant is implemented, twol dbenaréssive development of reneivables
green (+) scenario, and the new nuclear powenuyulbeatr (+) scenairican support a nearly 100%
emissionreduction after 2030.

2.3 NATIONAICLIMATE CHANGH RATEGIES

The relevant international obligations are formulated in the UN Framework Convention for Climate Change,
1992, and its Kyoto Protocol, which was adopted in 1997 and entere® Q6. d¥fegaiation of the National
Climate Change Strategies (NAS) is required by Article 3 of Act LX of 2007 (V. 28.) on the execution of the L
Nations Framework Convention on Climate Change and its Kyoto Protocol.

2.3.1 NATIONAICLIMATECHANGESTRATEGY2008 2025

The strategic framework of Hungarian climate pol.i
in line with the National Framework Strategy on Sustainable Development. NCCS has set directions and obje
the periobdetween 20925.

The core statement of the strategy is the fél@ing: mat e change is a compellin
and national econorBased on comprehensive analyses, the expected significant changes of temperature
precipitdon, the possible shift of seasons, as well as the increased intensity and frequency of certain extreme
phenomena are endangering our natural resources, our waters, our biosphere, our forests, and agricultural
well as our builtandimhat ed envi ronments and the23health and qu

The scientific basis for 2NNEI NORSYLA s s p o kEffeédtChdad nb
Responses) research project studying the changes of climate in Hungary.

VAHAY (i d kfieai g @ s p 0 n s efiepts dP thenGlobat €limate Change on Hungary and Our RespariaesAcademy of Sciences, 2003
2006
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2.3.2 SECONDNATIONAICLIMATECHANGESTRATEGY20142025

Despite the scientific efforts made in the past 30 years, there is a great deal ohashekirntgittyerclimate
developments. Various impacts of climate change do not occur at thelsaraautiife@ammanner in all regions.
Recognition of the supposed change trends is also hindered by the natural variability of climate.

The VAHAVA project shed |light on the fact that [
Euopean context. The Carpathian Basin is straddling three climate regions: the wet oceanic, the dry continents
dry summer/wet winter Mediterranean ones. In this borderline zone, a small but lasting change may result in a
modificatiorf the annual temperature and precipitation pattern which, on the other hand, may only be estimat:
great uncertainty. Based on international and domestic research conductedSnytdar pabieli@tensification of

the greenhouse effect is égdeo result in greater temperature increase in Hungary than globally. At the same t
Hungary can expect to see extremes in water levels, including severe droughts and devastating floods within
year. Growing seasons are expected to bentiattger aggravated by increased evaporation due to reduced clouc
coverage.

Plans in various fields and industries, regardless whether we face natural climate change or one induced b
activity, must take into account the system of conditidnsthleaperhanges.

Both the probable inducing factors (the emission of greenhouse gases), their probable impacts (the changec
and their soewonomic and environmental consequences are transnational, and therefore this complex
problems caanly be addressed by proper international cooperation. The relevant international obligation
formulated in the UN Framework Convention for Climate Change, signed in 1992, and its Kyoto Protocol, w
adopted in 1997 and entered into effe@5inERE@n though efforts made so far have laid the basis for such
cooperation in climate policy, in practice they have had little success in moderating the growing risk of glob:s
change. {2]

The European Union pays special attention to cligatenahagement, marked by initiatives like the European
Climate Change Progr am; the Community | evel regul
System; the system of coordinated efforts introduced in 2013; as well asrifaendregrof climate protection
regulations, and increased institsatinallhese international documents set forth the most important tasks for tr
domestic climate strategy as well as for the various strategies of the affected industries.

In Decmber 2012, the Parliament modified Act LX/2007 on implementing the UN Framework Convention on
Change and its Kyoto Protocol.

The Second National Climate Change Strateg®)(WE&&Brepared for the period betweer02814vith an
outlook to 205The directions of activities are specified in the Strategy for three different periods:

U short ternspecific tasks scheduled for the period betwei2014
U medium terrstrategic directions scheduled for the peridd2818
U long terminterventioopportunities in the period between 2025 and 2050.

2.3.3 HUNGARIANOWCARBONROADMAP

NCC® includes the HungarianC@aw bon Roadmap (HDB/HLCR) setting t
for reducing the emission of greenhouse gases, untie@@isngsd by the dwavbon plan of NCZSHungary

will strive to ensure economic competitiveness and growth, social welfare, fighting poverty, as well as to pr
climate, and follow a course of action that gradually leads to implementing/itéim &émm carbon emission.

2.3.3.1 Theoretical extreme scenarios
The future emission scenarios of the individual seciumatyseiéth the help of a carbon calcitbteeloped by

the Department of Energy and Climate Change (DECC) of the United Kingdom. The Hungarian version of tt
calculator has been developed in a bilaterdiBrgaian cooperation, with the participation of the Department of

3The carbon calculator developed by the Department of Energy and Climate Change of the Unitedriatigaaty iacrepted tool used for the flexible
modelling of GHG emission in any sector or in all sectors responsible for emission.
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Energy andli@®ate Change of the United Kingdom, the Hungarian Geological and Geophysical Institute as well
Embassy of the United Kingdom in Hungary. The model was developed in several phases with the involve
hundreds of experts. The Ministry of Nagioslabment, in cooperation with the National ClimaBzctiasfge

the Hungarian Geological and Geophysical Institute, started an open planning preCessdnrRbadroap in

the summer of 2012. For this purpose, 5 working groups weveleregtalinost 150 experts in the field of energy
production, building energetics, industry, transport and agriculture. These working groups cooperated with r
experts of governmental agtos, professional associations, higher academnionsistittofessional civilian
orgarsatios and professional background satiami

In order to be able to estimate the future GHG emission of electric power production, two scenarios have been
with the help of the carbon calculator.

These sawrios represent the extreme values of emission trends (that is why they are called the minimu
maximum scenarios, respectivelffjeiseenarios show the theoretical emission reduction potentials

x  Minimum GHG emission scenario = the scendmistofeligction of GHG emission (min. emission
max. reduction)

x  Maximum GHG emission scenario = the scenario of lowest reduction of GHG emission (max. emi
min. reduction)

Factors determining the GHG emission of electric power generation:

U structurefelectric power generation
U volume of used electric power
U the balance of exports and imports
Electric power generation methatsave outstanding significance in reducing GHG emission:

0 renewables
0 nuclear energy
o application of CO2 capture and storageldgy

The minimum GHG emission trajectory fundamentally contains the green (+) and atom (+) scenarios of the
Energy Strategy, while in respect of CCS, continuous increase is assumed after 2030 with a total of 1600 M
capture and storaggacity to be build by 2050, of which 500 MW will be based on coal and the rest on nature
(100 MW being demonstration and 1000 MW generation capacity). The maximum GHG scenario takes only on
natural gas facility into consideration for ddimomstrposes up to 2050.

For the minimum GHG emission scenario, the cileoge& ipower neettsthe level of national economy was
recorded at the lowest value, and did not take into account the significant electrification of other sectors (trans
industry), whereas for the maximum scenario this was also included.

With regard importegoower, the minimum GHG emission scenario assumes growing imports, based on pre
processes, whereas the maximum GHG emission scenario does not include anyfargpoepesskttiera state
of selkufficiency in terms of energy.
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The followingola contains the results of summarizing these basic hypotheses.

Scenario 2010 Minimum GHG emission Maximum GHG emission
2030 | 2050 2030 | 2050
GW
Biomass 0.37 14 2.0 0.8 1.2
Coal, CCS 0 0 0.5 0 0
Natural gas, CCS 0 0 1.1 0 0
Coal, without CCS 1.5 0 0 0 0
Nuclear power plant 2 4 4 2 0
Wind power 0.33 1.2 4.0 1.0 1.4
Water power 0.06 0.07 0.07 0.07 0.07
Geothermic 0 0.22 0.77 0.08 0.14
Solar power 0 0.73 4.70 0.23 0.38
Natural gas 4.6 0 0 10.2 13.2
Mineral oil 0.4 0 0 0 0

Table2.3.31: Structure of electric power generation according to the individual theoretical extrenaeiesi#sion

Figure.3.3lillustrates the emission tendencies of the GHG emission scenarios taking into account the above fe
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Figure.3.31: GHG emissions according to the individual theoretical extreme emissidh scenarios[2

Major conclusions of NC2S

If the minimum GHG emission scisnacitieved, emissions will drop radicallyialteadshort ruprimarily due
to the increase of renewables and import.

The expansion of the Paks Nuclear Power Plant may be a decisive step in theaseltingninesignificant
reduction in éssions between 2€80 Due to the temporary parallel operation of the old and new units (as well as
the further increasing import ratio), zero emission could be reached as early as 2030. Without the new units,
emissions will increase as ithestin the maximum emission scenario.

The theoretical character of these scenarios is revealed by the fact that such a composition is economically u
An achieved, b u t safioanvthe caséd of tikedntnimunosceadrio isbessydral faaiorsi

o the grid connection of the new 2000 MW nuclear power plant
o the application of carbon capture and storage technology

o further massive adoption of renewables

0 (imports).
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NCCL states that the results and conclusions of the @GiGnamission scenario harboergy policy and
safety risk, since they rely on the use of a certain technology as well as on imports. Even though imports indee
reduced GHG emission, they also involve energy policy risks.

In the maximum GHGssion scenario, two of the three technologies of producing electric power (namely, nu
technology and CO2 capture and storage) are missing, and the proportion of renewables is also significantly I
production structure, however, is onigradticmaintaining the current level of emission in the long run.

Based on thesesults, as well as on considerations of energy policy, the study ctimelddeartiwaditiornof
electricity production in Hungary cannot be achieved by issiteglansiogy, but should be built on a production
structure using multiple technolfizdégs

2.3.3.2 Nucleadcoabgreen scenario in the National Energy Strategy

As NCCSR statesii T h e Nati onal Energy Strategy i fcludeh e on
decarbosationn its vision of the future of energetics."

As concluded by NEGX;$he structure of electricity production set forth in the National Energy Strategy will result
emission reduction of about 70% byFRAFEP(3.32).

If the new, modern coal power plant equipped with CO2 capture and storage technology is excluded from pr
this will result in only a minor increase of emissiarss@énarios diverge from 2030, indicating that the coal power
plant is supposed to be commissioned after this period. Freezing the volumes of renewables at the 2010 |
excluding the nuclear option basically removes half of the 70% teoluctiomeWsibles, the effect of nuclear
expansion becomes strikingly clear, as the old and the new units operate parallel to each other until 2030, a
the closure of the old units leads to an increase again.

The document declares thatothgt e r m use of nucl ear energy in Hun
decarbosation
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Figure?2.3.32: GHG emissions based on the various scenarios of the National Eneddy Strategy[2
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2.4 NATIONAIENVIRONMENTAROGRAM

Environmental planning is based blatibeal Environmental Progrartl u n g a r y @ranmeNNtal Programa | E
accepted in 2009 foe period between 22094 (Brliameary Decree No. 96/2009. (XII. 9.) on the National
Environmental Program) describes the general state of the environment, and specifies the goals to be reache
as thesequence, timeframe and tools of their achievement.

The National Environmental Program must be reviewed once every six years. Elaboration of the Fourth Envil
Program started in 2012. As stated in the third rptaggdro this period betva&B2014, the emission of
greenhouse gases decreased in Hungary, and so did the amount of waste generated and the volume of wa
Forest coverage increased to 20%, but habitats have split further and soil degradation continued.

The goal of the programthe next six years is going to be the creation of environmental conditions needec
sustainable development. The National Nature Conservation Curriculum is also included in the National Envil
Program. After its public discussion and cdimgapadifications, the Program shall be accepted by Parliament.

Regional, coudgyel and local municipal programs shall be prepared in line with the accepted National Environ
Program The major topics of these will include the followingateditsrttend cleanliness of the environment,
drinking water supply, energy management, management of green surfaces, rainwater drainage, communal w:
andwaste managemgntotection against noise, vibration and air pollution generated by the population as well
public services, orgatibrof local transport facilities, and the issues of countering environmental emergencies.
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3 AGENERAL GUIDE TO NEEMRENGINEERING

3.1 NUCLEAR ELECTRICIROPUCTION IN THE WMDR

In 2012 the total electricity generated in the world wBg/22fe&Bich nuclear generation shared' 2 &1

other words, 10.9% of the electric power was generated by nuclear pl&#s K8puiderld Energy Statistics
2014). Nuclear power plants typically have a more pronounced role in the electric power generation sys
developed regions, such as EuropeAMeriica and Japan.

_ x rCe—— "
: o =
: Russia = . 60"
.. North America; 5 ]
ho i ? 5 —A — o)
8y i/ “Asia g 45"
L/ . i 57 £ .
) e U .‘w
e ~ .‘# v "‘ "
. ., 0 S g - 30
) 3. o e A ]
5 - . 2 : oK .
LI LAY, . 15
I L ' East Asia I
3= West Asia ks 0
South America R T e 15"
* . =30
I ) Intornational Nuclear Safoty Contor at ANL, Aug 2005 |
rE— rE— — I
240° 270° 300° 330° o 30° 60° 90" 1207 150"

Figure3.11: Geographical location of the nuclear power plants of-tfje world[3

™ 7 Tampera i *
7 = - Litshammer ® N ]
€ : Sweden,awe i m@ Lae Id o
] S : 95'0 ) Vasw.as ; e Ll SmBetR ety 60°N
31 SOAT I gtockholm Iallmn ® v
‘Stavangar- I y I " L]
0 Lot S .+ 375 Lmkopmg b I:mu ".“ng"d :
L ; Gotebcrg 2 > Lame ﬁ:kv/ ® Py
*Aberdosn Abor 9. ® Rigat { 4 A
Umted ngdom & G . ‘Russia 57°N
- A ona e |
Faxsl' ! o Copenrﬁigen Lithuania & v . " Mosco
- 5 Y 7 Ao
; ,_,_,n,,,,d,,,y. Neweastie-upon-Tyne ; Fbﬂsw'ﬂ ~7Dangg e Kaurv"mus estern Kl:j:;a
v Ounds”: ork ; Libeck ® ; o,,..,y,,"‘ Menskmguw ® "
Gway E)ublw s Netherlandg o' Stezecn o — ; 54°N
ol e o G R I
wogy o s & ,,Sf""a ! Rotom | chanan @
® Ha.ggf.! -r~n cl ' Wvoclaw v L&k e .‘A LSumy @ 51°N
preun g Vo g cZechR’é StblC e 8 oy
» -3herb” : @ L‘u.x g Gty p AR UkramKe 01 ek
- gorse: V- g 4 o o Slovakna-u [
Le Mans @ Sal:hurg .-._ o .
o Nan . 08y Dion unch, ', j 'Hungary : Klshlnev ® ) 1,—13'9; 48'N
France La Fgghelle G 'valzerland‘lj'g,‘];'na ® BAcY Lok
\ nobl S Biasdia '.‘ ’ Oslyuk Romama S}B’a“ P
o % ome Sloven-aﬂ tucBelgrade ‘é“il‘é?{ares'; Sovasiopa 45°N
l.as”l"'ﬂ Ibao .mem f‘:loe le Arv:,ona "‘ Saraje!ég“lw:: - \I.ama S':
¥ f‘ B Sreignan = Sofia
Vo 2 Anaorr:i ol ltaly Prcava . Ttograd Bulgana )
ODOI’IB leadabd Tamagona .. DT"ana ] 5 L lstanbul " Samaun 42N
&) 84
’Spam Mat;d oy Sassari @iapies &IM‘H Suonka 7"7 i g %nkara *:
kiset: i
usbqp i . jigated - Lama e KarimAis'a .
. Murda Palermo Fo Paha:Amens Jzmir {Smyma) . 39°N
Huoha Al ® . 2 0
e _ e FAlgiels consumi.{.;rums )i =8 “-Bhedes !\.h»rsmﬁb“
Tangier gen % ) x 36°N
e aces — T
10°W 5W 0 5E 10°E 15°E 20°E 25°E 30°E 35E A0E

Figure3.12-2: Geographical location of the nuclear power plants of e world[3
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3.1.1 OPERATING NUCLEAR ERVPLATS

The majority (62.2%) of the currently operating 434 nuclear power plant units use pressurized water reactors.

Total deliverable
Reactor type Number of power
reactors [MW]
PWR | Pressurized LighateiModerated and Cooled Read 270 249,621
BWR | Boiling water, LigWiatetModerated and Cooled Red 84 78,122
PHWR| Pressurized HeawateiModerated and Cooled Reg 48 23,961
LWGR| LighiWatetCooled, Graphioderated Reactor 15 10,219
GCR | GasCooled, Graphioderated Reactor 15 8,040
FBR Fast Breeder Reactor 2 580
Total 434 370,543

Table3.1.11: Breakdown of currently operating reactors B3] type [3

3.1.2 ONGOING PROJECTS

The overwhelming majority of power plants beinglbaifirassurized water reactors (82.6%).

Planned total
Reactor type Number of deliverable power

reactors [MW]
PWR | Pressurized LighateiModerated and Cooled Reag 57 57,275
PHWR| Pressurized HealatetModerated and Cooled Rez 5 3,212
BWR | Boiling water, LiyiatetModerated and Cooled Rez 4 5,250
FBR Fast Breeder Reactor 2 1,259
HTGC| GasCooled, GraphModerated Reactor 1 200
Total 69 67,196

Table3.1.21: Breakdown of currently built reactors bylype [3
3.2 AGENERAL INTRODUCTEBNPRESSURIZED WARERCTORPWRYUNITS

3.2.1 POWER PRODUCTION PREXCIN UNITS OPERMGT WITHPWRREACTORS

The basis of nuclear energy generation is the regulatsdstathisgjhain reaction based on the fission of atomic
nuclei. The power released during the chain reaction is carried away by the coolant and used for the gene
electricity.

Pressurized water reactors comprise two closed circuits: the primarydang.the secon

Theprimary circuitonsists of a pressurized watenyvétgt cooled and moderated nuclear reactor, the circulating

loops (main water circuit), the main circulating pumps, the heat transfer tubes of the steam generators

expansion tank. eTheactor vessel is a cylindrical pressure tank with a hemispheric bottom and a remov
hemispheric top, which contains the active zone. In addition to these, the nuclear steam generator, called
connects to numerous other auxiliary systémreetisafety functions, improve power plant efficiency and constantl
clean the water circuits.

The main water circuit absorbs the heat released in the active zone of the reactor, carries it away and transfel
secondary circuit in the steam gerserBhe main function of the steam generator is to use the heat transferred by
primary circuit and generate steam with the parameters suitable for driving the turbines. This equipment is a c
vertically or horizontally positioned vessalriight space called containment structure, and contains heat exchang
pipes and a bdiltsteam separator.

Thesecondary circuits fundamentally the feedwsaterpart of the steam generators, and consists of the main
steam system, the various &igl low pressure parts of the turbine, the condenser and the feedwater system.
function of the secondary circuit is to transform the energy of the steam produced in the steam generator into
motion to drive the generator.
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Figure3.2.11: General schematic structure of a PWR rBhctor[3
3.2.1.1 Fuel

The nuclear fuel is located in the act#e z

Natural uranium typically consists of two is8thpekich splits as aresultof tetow r gy (or fit her
(natural uranium contains only @3 2f6and the isotofdJ, which splits as a result ofehigle r gy ( or
neutrons (99.275% of natural uranium is of this kindegNatsaif chain reaction can be achieved in a reactor
fuelled purely BU.

The PWR units fundamentally use enrichedhasedifuéUQ), and the Paks Nuclear Power Plant currently uses
this type. This fuel is made by processing and enriching raw uranium.

3.2.1.2 Primary circuit

The function of the primary circuit is to absorb the heat generated during the nuclear chain rethetion regulat
active zone of the reactor, to transfer it to the secondary circuit water, and to evaporate the latter irsthe steam ¢
in order to produce the dry, saturated steam required to drive the turbines. The primary circuit contains the e
thatare in direct contact with the radioactive substances, i.e. in the case of PWR reactors, the reactor vessel,
the active zone, the circulating pumps, the steam generator, the connection pipes and the required auxiliary sy:

In the active zookthe reactor, heat generation results from several processes:

4The area where every condition required for fuel fission and energy generation is met.
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9 SFission fragments gradually lose their initially high kinetic energy when colliding with each other, and a s
part of their kinetic energy is transformed into heat power.

1 the variaikinds of radiations generated during fission are absorbed and their energy is partly turned into |
1 in the course of radioactive decay, the fragments generate heat.

Numbers
1 Instrumentation; 2 Upper unit; 3 Perforation, outlet noZldegé; IBI&eactor pit; 6 Samples 7 ReactdReacto8
vessel

Figure3.2.12: Overview of a nuclear readpr[3

In the case of pressurized water reactors, overpressure is maintained icirtuit priroedgr to significantly
increase the temperature of the coolant without phase change.

5When a neutron strikes the nucledSf, dt splits the latter into two smaller nuclei (one of the fragments is typically lighter and theéDativey thibgadeess, several free

neutrons (fission neutrons) are also gerfer#ted. birf the fragments, el.ﬁ‘.ba and®r, are very fast, however, they transfer their kinetic energy to their immediate environment
quickly and warm it&8@% of the energy released during fission are carried by thé-feagmesntsare radioactive ecaydast.
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Figure3.2.13: Theoretical arrangement of a nuclear iland [3
3.2.1.3 Secondary circuit

In the secondary circuit the heat generated in the reactor is transformed into kinetic and then electric energy.

The secondary circuit contains those equipment of the power plant which participate in energy transforme
conveyance, but do not contact radioactive substances.

As a significant element of radiation safety, there is a barrier between she.eéwtheingaihary circuit is
hermetically separated from the secondary one.

As the primary circuitdéds heat transfer agent fl ow
jacket on the secondary side. A part of the leestieaftirgenerator at the border of the primary and the secondary
circuits is transferred to the secondary cihmecui t o
steam expands in the turbine, i.e. the inherent energyrgemesiaure, kinetic energy) of the steam diminishes as
it moves the turbine. The turbineds rotational en
the generator, where the driven rotor induces electricity ifrahee stakich in turn generatespthase electric
power . The electric power generated by the gener
identical with the electricity carried in the connected electric power grid.

The steam dging the turbine enters the condenser, where an external coolant turns it back to water agair
resulting condensate is then returned by circulating pumps to the place of evaporation. On the other side of t
generator, the agent in the priimeuit s returned to the reactor vessel, passes the zone and reheats.
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Figure3.2.14: View of a steam turbine u6i]t [3

3.2.2 CHARACTERISTIC FATIES OPWRTYPE UNITS

3.2.2.1 Facilities in the main building

NUCLEAR ISLAND

Containmenttn the interest of safe operation, the primary circuit systems typically (e.g. in the -4¢&89 of the EPF
and the VVERO0O types) are placed in a davalikd containment. The function of the internal containment is to
retainthe radioactive substances that escape in the course of any malfunctions foreseen during design,
transfer the released heat.

The internal containment is surrounded by an external screening building to ensure increased protectior
externahipacts (e.g. a major earthquake, aircraft, flood).

Safety system buildingr the sake of multiple redundancy, there are several safety systems in nuclear power [
(e.g. malfunction zone cooler), and the appropriate operation of any single one of them is sufficient for |
malfunctions. In order to provide for goriapppatial separation, they are usually placed in separate building
or building parts.

Auxiliary buildingit houses the auxiliary systems of the primary circuit.

Nuclear maintenance faciliybuilding used for the performance of maintenanteethedgteichary circuit, and for
decontamination.

Waste management builditige liquid and solid radioactive waste generated during unit operation is treated in
building.

Fuel buildingused for the management and storage of fresh and spem nuclear f

TURBINE ISLAND

Turbine buildingTheturbine buildimgntains the secondary circuit equipment that transform the heat transferred fr
the steam generator into mechanical and then electric power, condense the steam that leaves the turbine, a
it to the steam generator.

Water treatment plard: facility used for the generation of extra water in the quality and quantity appropriate
required for the primary and secondary circuits.

Electric switchboard roona building that houses electriaathbaards, control engineering equipment and
communication devices.

Transformer arethis is the outdoor place of unit transformers and other power plant transformers.
3.2.2.2 Connected facilities

V Spent fuel interim storageuilding used for the interim storage of the spent fuel generated during the opere
of the nuclear power plant (prior to any further processing or final placement without processing)
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V Diesel generato@iesel generators to ensure continued powir teedcase of malfunctions (for an
appropriate physical separation, they are placed in different buildings).

V Healthcare faciligy:facility that contains the healthcare centre, the primary access system, and the off
required for work with the prionauit.

V Water intake plastipplies the industrial water required for the power plant. Most of the water taken fromn
Danube is used for cooling.

V Chemicalepository building in which the chemicals required for operation are kept.

V  Storage roonrfindustrial gasesbuilding that contains the gases required for operation.

V  Nuclear maintenance fadlibuilding used for the performance of maintenance on the secondary circuit.

V Fire service facilitiasbuilding within the boundaries of the power plant, serving as a branch office of the
service, and containing the fire water and fire fighting systems.

V Electric substati@msures transfer of the electric power produced by the generatodsg¢o Hargdryi o n a |

V Waste storagetores the naadioactive waste generated in the nuclear power plant.

V Civil defence shelt@raitect the operating and hazard control staff during emergencies.

V Protected control pdimith reserves): provides a workinigprament for emergency control in the event of
emergencies, and protects the troubleshooting -apdstiéan

V  Environmental monitoring sysitechgie the system of environmental sampling and measurements.

V Infrastructuraccess roads and railwiy t@the power plant, drinking water and sewage systems, etc.

V Physical security systasreption desks, access systems, perimeter fences etc.

3.3 INTERNATIONAL ORGBNIIOI REGULATING AND EBRISING NUCLEAR FEERWSE

3.3.1 INTERNATIONATOMIEENERGYAGENCYIAEA)

The International Atomic Energy Agency (IAEA) was established on July 29, 1957 to promote the peacefl
nuclear energy, as well as to control and prevent the military use of nuclear fuels.

IAEA is a specialized institution of the UNrésthotdntrolled by any other sagjarind reports to the General
Assembly as well as to the Security Council of the UN.

Today, IAEA serves as the international platform of scientific and technical cooperation for the peaceful use «
energyProgrammes supported by the IAEA promote research related to the peaceful use and safety of nuclea
(such as protection from radiation, or materials research). IAEA prepares recommendations on nuclear pc
radiological protectiof7][3

Its pubcations include the following:

Safety Standards,

Safety Guitiees,

Safety Recommendations,
Safety Requirements

3.3.2 EUROPEARTOMICEENERGYCOMMUNITMEJRATOW

The European Atomic Energy Community (Euratom) was founded in 1958, at the same time when the
establishing the European Economic Community (EEC) was signed. The signatories of the treaty agreed on th
use of nuclear energy as well as on cooperating in the development of the nuclear industry. This meant the co
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of research in tfield, as well as the joint formulation of safety regulations and the creation of a common marke
fields related to the use of nuclear energy, including that of the free moving of capital and 88gssional people.

3.3.3 NUCLEAEENERGYAGENCYNEA)

The European Nuclear Energy Agency (ENEA) was established in 1958, in order to meet the steadily increasi
needs of pegYorld War Il Europe with nuclear energy. Thatimjani name was shortened
Agency (NEA) in 1972, in oigtae growing number of members from outside Europe. Nuclear Energy Agency (N
is a specialized agency of the intergovernmensationghBiconomic and Cooperation and Development (OECD)
set up by industrialized countries.

At present NEA consi$&locountries from Europe,Nordrica and Asia. NEA member countries represent 90% of
the nuclear capacity installed throughout the world. About one fifth of electric energy produced in member
comes from nuclear power plants.

NEA maintain®sé cooperation with the International Atomic Energy Agency (IAEA) and the Environment Direc
General of the European Commit®de. [3

Fields of work of the NEA:

Nuclear safety and regulation

Nuclear energgvelopment

Handling of radioactive waste

Radiological protection and health of the population
Nuclear law and responsibility

Nuclear science

Data bank

Public information

3.3.4 INTERNATIONAIOMMISSION GRADIOLOGICAPROTECTIONCRP)

Ever since its establishtrin 1928, the goal of the International Commission on Radiological Protection has be:
prevent the harmful effects of and diseases, such as cancer, caused by ionizing radiation, as well as to pr
environment.

ICRP is an independetérnational orgaatiorwith more than two hundred volunteer members from thirty countrie:
of six continents. These members represent the leading scientists and decision makers of radiological protectic

The international system of radiologicdlgorateed throughout the world as the basis for radiological standards
legal regulations, programmes and practices, has been developed by ICRP.

This international system of radiological protection is based on the following:

(@ radiological exposure levelgtair impacts according to current scientific knowledge

(i) evaluation
Evaluatiotake into account both experience gained during the use of the radiological protection sy:
and the expectations of society.

ICRP monitors the development of radialogictibp and prepares recommendations concerning its basic principle
as well as the rules of radiological satéfy. [3

3.3.5 WORLDASSOCIATION Od&JCLEAFOPERATORBNANO)

The World Association of Nuclear Operators (WANO) is a glati@oorganisingllacompanies and countries
operating commercial nuclear power plants.

It was established in 1989 in London, andoinas cegtsein Moscow, Atlanta, Tokyo and Paris.
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For its members, WANO promotes access to the best safety and reliallilitgdesshatioirsg the fact that the
nuclear industry is as strong as its weakest player,dagogogavides help to its members. WANO {®r not
profit orgasation

Even though WANO cooperates directly with its members, it is not a regatlatenydodgesi not advise them
on the selection of the types of reactors to be used. Its highest priority is to ensure safety, therefore WANO
effective communication among operators as well as the open and free sharing-&flinformation. [3

3.3.6 ORGANSATIONDFEUROPEANUCLEARPOWERPRODUCEREUR)

In Europe, the development and design of power plants equipped with light water reactors used to be national
complemented by a certain degree of international cooperation. In 1992, S5eBuemesgy poatiucers (the
German and Spanish ones, plus Tractebel, EDF and Brifisludieardslectric) joined forces and established
EUR. The orgaatioris steadily growing and has 17 members at present.

The primary goal of EUR is to lay dowamthigions and requirements concerning the development of light wate
reactors; to promote their hasatimmivith relevant international regulations and standards; and to provide solutio
for a unified electricity market in Eurdbpk. [3

3.3.7 WESTERNEUROPENNUCLEARREGULATORBRSSOCIATIOWENRA)
The Western European Nucl ear Regul atorsé Associ at
the European Union using nuclear energy, and Switzerland. The establishment had two reasons:

x nucleasafety became a priority for the expansion criteria of the European Union, and

x each country interpreted the safety requirements of the International Atomic Energy Agency (IAEA)
treaty of nuclear safety in its own way.

WENRAOGs mai deaanified Burepean iterpretadioniof nuclear safety, and to independently supervise
status of nuclear safety in candidate states. With respect to reactor safety, 218 recommendations have been p
18 topics (reference levels), and 81+7mesctations deal with dismantling and waste manad@&inent. [3

3.4 NUCLEAR SAFETY

In designing, installing and operating the new nuclear power plant units, the first and
foremost priority is to ensure nuclear safety.

3.4.1 BASIC PRINCIPLES QFMEAR SAFETY

Nuclear safety is a key aspect of nuclear power.
Nuclear power plants must comply with three basic safety requirements:

I.  The nuclear chain reaction must stop in the case of abnormal operation.
II.  When the chain reaction is stopped, the stable and sefdiatglts must be ensured.
Ill.  The amount of radioactive pollutants released into the environment must stay below allowed levels.

The safety of a nuclear power plant is ensured by applying the principle of defence in depth, with an empha:
prevenon of emergencies.

The basic principles for and the five levels of sudével pudtition were developed by the International Atomic
Energy Agency. National nuclear safety authorities strive to apply these principles in their owa regulation
maximum possible extent -lldli protection is applied in each facility according to its local characteristics.
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The following are the basic goals of defence in depth:

X

X

X

preventing accidents through conservative engineering,
preventing abnormal gi@nahrough constant monitoring,

preventing the escalation of any abnormal operation and reducing its consequengestedrough
defence deviges

ensuringhat proper tools and predefined procedures are in place for the management of design exte
conditions and for reducing their consequences.

The safety of nuclear power plants is ensured by the complex system of engineering solutions and o
requrements.

Defence in depth defines five hierarchic levels of safety related events, equipment and procedures. Each leve
at preventing the occurrence of the next one.

Level Objective Implementation

Level | | Preventing abnormal operation High quél/, conservative planning

Level Il | Detecting abnormal conditions and preventing alj Proper operation of supervisory and control system
operation

Level llI| Management of dedigisis emergencies Safety systems and procedures

Level IV| Management of serious accidents, moderating th Complementary tools, measurements, actions as w
severity and easing their consequences accident management guides

Table3.4.11: The five hierarchic levels of protection

Level | is related to the engineering process, where the power plant must be designed in a conse
manner, with operation and safety reserves, using solutions that minimize the possibility of huma
(automation, easyunderstand and intuitive handling). In this phase, all external events must be defi
that should not be able to endanger thd¢ioopef the nuclear power plant (earthquakes, extreme
weather etc.).

Level Il is about having those tools and procedures at hand through which the power plant can k
within the designed operating envelope, so that safety barriers are neseliostgie Thntinuous
measurements (of pressure, temperature, circulation etc.), as well as periodical tests and
maintenance work and inspections.

Level Ill involves systems and measures that ensure the operation of safety functions in emerg
included in thikesign bas@nditions). Some events (such as inherent material faults or natural disaste
cannot be prevented even by the most careful engineering, installation and operation. This level i
the automatic stoppage of the chetiomeavhile ensuring the continued cooling of the fuel and keeping
radioactive emissions below the limit values, for all of which the corresponding safety systems mus
up.

Level IV represents very low probability events extending beyeiod efesigieedies. At this level,
safety ystems cannot completely théfil role and there is a risk of zone meltdown and radioactive
pollution. Despite their low probability, the severity of possible consequences makes it necess:
nuclear power plmd have the tools that hinder the escalation of such accidents, reduce their impe
and provide time for other measures to be taken (such as delivering additional equipment to th
helping the population shutter up or move away).

Level V kicks ihen all previous levels have failed. This involves the escape of significant amount
radioactive pollutants into the environment, which, in turn, requires the intervention of authori
accordance with emergency scenarios developed for such events.
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BASIC DESIGN PRIN@ESL

x  Criteria for choosing the geographical location of the site
x  Evaluating the potential dangers of operation
x  Defning the design basis and anglits events

Fundamental requirements include the following:

U Ability to be driverstdocritical state
U0 Removal of residual heat
i Keeping radioactive emissions under the limit values

x  Minimizing anomalies beyond the design base
x  Keeping radiological exposure at the lowest reasonable level

SYSTEM OF ENGINEEBBRRIERS

Thesystem of engineerdshrriersserves to prevent radioactive pollutants from getting out into the environment,
reduce their escape. These barriers set up one after the other are despikdatatsbfooin spreading further
once they escaped from the previous keYeurThysical barriers are:

1. the fuel matrix QJO
2. the fuel casing (the airtight casing of the fuel cells),

3. the pressure barrier of the primary circuit (of the reactor vessel and other systems included in the
circuit),

4. the safetyantle called containment structure (airtight, usually with a double wall).

- o - Primerkon
Uzemanyag matrnix Uzemanyag burkolat

z e ma n yidgel ma@ix r i x

z emany aiBuelleasingk o | at
r

o}

i mer k©° riiPrimary circog mdssare §mnit
n t ® @omtaimmient structure

Figure3.4.11: Engineered barriers in the case of nuclear power pk&it units [3

File nam@AKSIKHT_1_8 EN 65217



MVM Paki. Zrt Environmental Impact Stuc
Implementation of New Nuclear Power Plant Units at thé Paks Site A GeneralGuide toNuclearEngineering

DOUBLEWALLED CONTAINMENRSCTURE

The containment structure is a component of outstanding significance for defence in depth, asehis is the last
the internal space of the nuclear power plant between radioactive substances and the environment.

&

Figures.4.12: Crosssection of the doutdalled containment structeg [3

Continuouand safe cooling of the reactor fuel must be ensured under all conditions. In the case of any pipe
cooling is ensured by the emergency cooling system, in a passive or active manner. If the pressure falls, the
cooling system feeds watethiateeactor and ensures cooling until the pumps start operation. The active emerge
cooling system consists of aphégsure and a tpressure part, and reserve coolant is stored in large tanks to
replace evaporated water.

Most safety systems neectradepower to operate. These systems must remain serviceable in the case of a po
loss. This is ensured by emergency Diesel generators, which automatically start when needed and provide uni
power to consumers which are of key importameafietytbf the nuclear power plant.

One structure used widely for handling meltdowns
the concrete below the reactor vessel is prevented by rooms built at the bottomfatitivetedhe thatead of
the melt, or by substances are placed undsséhevhich the core mefiatgrenetrate.

Reinforcement of the containment and maintenance of its structural integrity over the long term are of out
significanc€&ontainment integrity is also protected by the procedures applied for the treatment of the hydrogel
explosive when it reaches certain concentration if mixed with the coiitagjaneratedirin the course of
hypothetical grave accidents. Inshiwg@@rocess, the hydrogen released to the air is continuously transformed it
water steam by catalytic recombination systems,
deliberately ignite the hydrogen gas accumulatedtairtheeicbhefore the hazardous concentration is reached to
prevent reaching the explosive concentration.

In most countries current requirements demand that the containment structure withstand even a direct hit b
passenger airplane.

The most important guarantee for the safety of the nuclear power ptdrdrentabdetyin certain accident
situations, inherent physical and heat engineering processes and barriers operate in the reactor which slow
finally stop unfavalile developments. This inherent isaftyays ensured irrespectively of the operability of
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the safety and protection systefbis reactor feature is-ggexific. Pressurized water reactors, currently the most
widespread type in the world, fallhistcategory. The VMER reactors of the Paks Nuclear Power Plant are also
of this typeTlfe other type, developed and built in the former Soviet Union, is the RBMK type, which does not meet
conditions for inherent safety. The reactorsiofefiepower plant at Chernobyl, where an accident happened on April 26, 198
belong to this type. It was proven that one of the fundamental reasons of the accident was the lack of méerent safety
reason, the disaster of the Chernobyl nowieaplant does not mean that other types of reactors are unsafe. Due to of the la
of inherent safety, Chernobyl type reactors have been shut down nearly everywhere in the world.)

Another important guarantee of protection against nuclear povdendaistthecapplicatioextérnal safety

devices which prevent the progress and deterioration of various accident situations, and complement inheren
Within the framework of these external safety devices, an increasing role ipataiyeddeyeiee systems

which can operate without any external power supply.

As a result of the above, nuclear power plants can be built today with a probability of grave accidents affe
environment being less thi#p&Oreactor year. The pratyabfla potential risk must be kept at the lowest possible
level in accordance with the ALARA (As Low as Reasonably Achievable) principle, to guarantee the best re
achievable safety.

The fundamental goal of defence in depth is to mairggiiytled the physical barriers with the help of automatic or
manual safety and protection systems against inherent or exteritl pograsdiveR their integrity.

HERARCHY OF SAFERNDAROTECTION SYSSEM

The five levels of defence in depth, @ppiacaew units, the four physical barriers and the relationship betwee
automatic and manual interventions are pfogieddnt. 13,
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1.szint: konzervat2v ter vleveRls , médn Rs@gd it zt obsa?lfe8sheet | keeizzet!| oRessi &ageaik okl & isYm d
conservative design, quality assurance, security culture Acailent management procedures, including containment defence

1. g9g8t: ¢ iBamer b fuelgatrin8t r i x 5. szint: tel ephel yen K Aceigenmt i bal e
2. g8t : ftiBariRe2t fechvasmgir k o | a prevention activities outside the site

Figure3.4.13: Protection barriers, defence in depth levels and the hierarchy of[Befjventions
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I n the case of new units, breakdowns that were pr
failures) arenpvar t of the design basis. For this reason,

current and new reactors. In the case of the currently operating reactors, in depth protection deals with nu
mainly in those operationtdsstahen the fuel is in the reactor. In the case of new units, it includes all the poss
states of the nuclear fuel (including those situations where the fuels are stored in the spent fuel pool).

In the course of developingdtieration reactors, Hegign objectives included preventing serious accidents and
reducing the consequences of extremely low probability accidents. The applied design and technological
ensure that no radioactive substances are released to the environmensexeridéstrinappen, and thus I
generation units do not have any significant impacts on the population and the environment of the power plar
the case of serious accidents.

STRESS TEST

Following the accident caused by an earthquake amdeatentsgr tidal wave in the Fukushima nuclear power
plant, in March 2011 the European Council called for a targeted safety survey in all nuclear power plant
European Union. In the course of the survey the safety of nuclear power plaifity tmavithsiaatd extreme
natural impts; such as floods, earthquakegxreme weatheonditionsvere assessed. The operators of the
nuclear power plants carried otdssefsment against the specified criteria, and submitted the results to the
respective national nuclear authorities for approval. The national authorities prepared national reports, wh
assessed by international expert groups, hdiingomsultations in several cases.

Besides those member states of the EU wherpowetgaants are in operation, Lithuania, Ukraine and Switzerland
also took part in the surveys. This safety review, which was conducted in 17 countries, ended with the conclt
European nuclear power plants had sufficient safety reserves defitiiaties were found in any of the nuclear
power plants that would make it necessary to shut them down. At the same time, the report by the E
Commission included several recommendations concerning increased safety, for the impilgmérgation of w
member states developed programmes.

The targeted safety survey of the European Union concerning the Paks Nuclear Power Plant also ended wit
findings. The report emphasized good practices that should be modelled by others iNcevitiad! aveas.
significant deficiencies were found and some of the recommendations concerned developments in progress.

Based on the recommendations of the stress test, Paks Power Plant developed a programme to enhance se
periodic reports oniltplementation. Similar programmes are implemented in other power plants of the EU an
relevant reports will be summarized for EU level assd&injart][33L7].

SAFETY ANALYSES

Safety analysessingdeterministandprobabilistimethods as well sefety reportgrepared on their basis are of
basic importance in nuclear safety licensing.

The most serious consequence of a breakdown in a nuclear power plant is contaminating the environm
radioactive material, which canyrhajmpen in the wake of serious damage done to the active zone, especially i
meltdown, if the contamination is not held back by the containment strucRmehaliiksttoSafety Analyses

(PSA) primarily deal with the probatzbtyeadamagerhis requires the examination of all the mbesideof

events that can lead to zone damage with the help of deterministic analyses and calculating their probability in
Their sum total characterizes the safety of the nuclear powerapkgsisThiso reveals the weak points of the
nuclear power plant from the point of view of safety. The results make it possible to create means and equi
enhance safety. Safety analyses are conducted at various levels.

The purpose of probabiléstfety analyses is the calculation of the probable frequency of level 1 events (involving
damage) and level 2 events (involving heavy release of radioactive material). For the requirements applicable 1
units please refer to Chapter 6.13.5.
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3.4.2 NUCLEAR SAFETY REGEMENTS

Article 2 of Act CXVI of 1996 on Atomic Energy (as effective on July 16, 2014) stipulates:

ONo. 29 nucl ear safety: AEnsuring proper ope
consequences of accidents in lvasg of the life cycle of the nuclear facility, to protect employees and tr
public against the hazards resulting from the

Act CXVI of 1996 on Atomic Energy specifies the general requirements foretttd paalesiubnsrgy, and lays
down the rights and obligations of the parties involved in nuclear energy use.

The regulations on the execution of the Atomic Energy Act assign the matters related to nuclear safety anc
safety licensing to the competeithe Hungarian Atomic Energy Authority.

During the licensing of new nuclear power plant technology, special attention shall be paid to checking whi
planned nuclear power plant to be established meets the nuclear safety requirements.

Nuclear peer plants are engineered, and their equipment and safety systems are designed so that even in the
an accident, the safety of the power plantoés sur.
supervision of safe operatiorih@ndevelopment of measures aimed at increasing safety are basic requirements
the operators. The supervisory authority allows the commissioning and operation of a reactor, or actions to be «
on certain parts of the reactor only if theoé tisgtithe safe operation of the reactors can be guaranteed.

Compliance with the geological and nuclear safety requirements must be confirmed in the framework of a site
procedure to be conducted by OAH on the basis of the Nuclear Safety(fReBylattached as annexes to
Government Decree No. 118/2011. (VII.11.) on the nuclear safety requirements of nuclear facilities and th
activities of authorities.

The OAH determines the adequacy of the site and the geological bak datasiedaaecording to the results of
highly detailed assessments. The site assessment programme was developed to meet the latest inter
requirements (pé&stkushima). The site assessment programme was evaluated by the experts odlthe Interna
Atomic Energy Agency (IAEA) within the framework of an independent supervisory procedure.

In accordance with the effective statutory regulations, the power plant units envisaged for Paks are to be saf
the impact of large civilian aircratt. dreevery stringent quality control criteria in place regarding the equipment a
buildings of the power plant units. The supplier of the units undertook to meet the European Utility Requiremer
therefore, they will employ such architectutheatetbnical solutions during the construction that will ensure the
integrity of the facility even against an aircraft impact.

Building and systiel permits are to be acquired for ABOS class buildings, structural parts, systems and s\
elements #h affect the nuclear safety of the nuclear power plant.

Defence in depth

Article 7 (1) of Government Decree No. 118/211 (VII.11.) regulates defence in depth as follows:

(1) Through the application of defence in depth in the nuclear powgpatame tiehe environment to radioactive materials
or radiation must be prevented, and it must be ensured that the accidents involving significant radiation damage a:
of breakdowns or their combinations may only occur with a suffitiabtligylow pro

(2) Defence in depth ensures that

a) possible human errors or technical failures can be compensated for;

b) the effectiveness of successive embedded barriers is maintained; and

¢) both the public and the environment are protected shoetttyhef ¢fificbarriers not be fully effective.
(3) The 5 levels of defence in depth comprise the following:

a) prevention of abnormal operation and failures;

b) detectioaf abnormal operating conditions and preventing the expected operational events from turning into
design breakdowns;

c) existence of procedures in place for the control of design basis conditions;

d) stopping beyedeisign conditions and accidents freemimg, and mitigating their consequences;

€) mitigating the radiological consequences of sigsificaaleaifes of radioactive materials.

File nam@AKSIKHT_1_8 EN 69217



MVM Paki. Zrt Environmental Impact Stuc
Implementation of New Nuclear Power Plant Units at thé Paks Site A GeneralGuide toNuclearEngineering

(4) The most important elements of defence in depth of a nuclear facility comprise the following:

a) desigrsolutions employing adequate safety reserves (this includes choosing the proper site, diversity and
redundancy, as well as the application of tried and tested technologies and materials of high reliability), high qualit
construction and operation;

b) appcation of control, limiting and protective systems and other surveillance / monitoring solutions, as well as
documents controlling operation;

c¢) safety system ensuring the control of design basis conditions, procedures and training for managing faults;

d) application of complementary measures, tools and accident management gsatalinespraic e

exercises; and

e) preparation forgite and offite emergency response activities.

(5) In order to maintain defence in depth, the Licenssapfigient control system in accordance with the rules defined in
Appendix 2, and its management is firmly committed to maintaining nuclear safety and a strong safety culture.

The safety requirements applicable to the nuclear facilities w iheHostgley are fundamentally determined in
Hungarian statutory regulations. However, it is also advisable to take into consideration the relevant internatio
regulations, the IAEA safety directives, the American ASME standards, aRweli@srtienBations in order to
ensure a uniform level of nuclear safety conformance for the different reactor types built in different countries.

A requirement for the envisaged new power plant unit is that during the licensing proceduresoactied, out before
the emission recommendations of the unit type for various breakdowns must conform to the domestic and int
regulations in effect at the time of licensing.

3.4.3 NUCLEAR POWER PLANERATIONAL STATESLASSIFICATION OFRIGUS ORG/SATION

Below we present first the recommendations by the IAEA and the EUR, respectively, and then the recomme
worked out by OAH for the Hungarian statutory regulations environment.

3.4.3.1 International Atomic Energy Agency (IAEA)
Chapter 4 (Principal Technical Requirements), Se
Design, Specific Safety Requiremeni2 (S3R 0 i FABAweadd: by t he

Items important for the safety of a nuclear power plantahiglberefes design that has previously been
proven in equivalent applications, and if not, shall be items of high quality and of a technology that h:
gualified and tested.

Chapter 5 (General Plant Design) formulates the following recommehidigtibe goerational states of the
power plant:

Operational state Accidents
Expected operatior
events

Normal operatig Design Basis Conditiorn Design Extension Conditions

Table3.4.31: IAEA proposal for individual plant operationatk8htes [3
3.4.3.2 Organsationof European Nuclear Power Producers (EUR)

EURidentifies the following operational states of nuclear powdQdeaas. [3

Design Basis Conditions Design Extension Conditions
Design Basis Condition (DBC) Design Extension Condition (DEC
Operational state / Design Bag Design basis failures

Normal operatior] Breakdown Low probability Very low probability]
design basis failul  design basis failure

DBC1 DBC2 DBC3 DBC4 DEC1 DEC?2

Complex process{ Seriousccidents

Table3.4.32: EUR classification of operational ste®s [3
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Design Basis ConditiofBBg

DBCI Normal operation
Normal operational states:

o Normaservice, at various output levels.
0 Shutdown:

 Warm shutdown
9 Shutdown due to fuel treatment/transfer

1 Shutdown due to checks performed during servicing or operation, or due to pa
replacement/repairs/treatment

o Transient states (transient periods betweEers output levels, including the time of reaching
individual shutdowns)

DBC2 Breakdown

The conditions for DBC2 are the same as for initial failures and equipment failures in the case of wt
frequency of occurrence is lower thpari@actgrear.

DBC3 Low incidence design basis breakdown

The anticipated occurrence probability of DBC3 events is Betweel® p@r reactor year. The power

plant is capable of returning to normal operation once all necessary inspectionalifiepitesahdvgu
been carried out.

DBC4 Very low incidence design basis breakdown

DBC4 events are unexpected during the operational time of the power plant, although their consequence
manageable. Their frequency is betweetd 1(® per reactor year.

Design Extension Conditiofi3EG

DECZE Complex processes

A DEC event is one that does not involve the meltdown of the fuel in the active zone or in the holding p
radioactive emissions remaining within the confinesuetIspraified for accidents.

DEC2 Serious accidents

DEC2 events involve a significant meltdown of the fuel, with processes leading to emission levels that ex
limit values specified for accidents.

NSR the domestic classification (Annex 10 ton@@mneDecree No. (118/2011. (VII. 11.), Operational state 163)
defines the individual operational states of new nuclear units as follows:

Design Basis (DB) Design Extension (DE)
Normal Design Basis Design Extension
operation Conditions* Conditions*
condition
Design basis failures
Normal operatid Expected Low incidence servidq Very low incidence servi Design Extensi{ Serious accident
operational breakdowns breakdowns Conditions**
events
DBC1 DBC2 DBC3 DBC4 DEC1 DEC2
The expectedodification of the NSR in the near future will probably introduce the following changes:
* The term Aconditionso wildl change to fAoperational stat
** The designation of fADesign RQGammisex nbroaldddewmnd&o is e

Table3.4.33: Breakdown of classification in Hungary, according to the currently effective (October 20th, 2014) NSR
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Table3.4.34 below summarizes the abbreviations applied by NSR for individual operational states and the rele
appropriate EUR abbreviations:

Design Basis (DB) Design
Extension (DEC)

Normal Design Basis Design Extension
operation Conditions Conditions
condition

Expected Design basis failures
Normal operati{  operational | Low incidence servic| Very low incidence serv
events breakdowns breakdowns
DBC1 DBC2 DBC3 DBC4
Design Basis Condition (DBC)
pBC1 | DBC2 | DBC3 | DBC4

Table3.4.24: Comparison of operational states actmii8ig and the EUR
Classification of individual operational states according to the probability of occurrence

Government Decree No. 118/2011. (VII. 11.) assigns frequencies of occurrence (probabilities) to individual o
states, as shownTable3.4.35 below.

Operational - Frequency (probabili

pstate Description ) (f [1>/y$epar]) v

DBC1 normal operation 1

DBC2 expected operational events 1>f>19

DBC3 Lowincidence service breakdowns 102> 40

DBC4 Very low incidence service breakdowns 104> 80 1
Af ter the expected modification of NSR the header in
probabilityo.

Table3.4.35: Classification of operational states according to their probability of occurrence, for new units
3.4.3.3 Normal operation

Normal operation is defined in Annex 10 to Government Decree Nw!I118/2@1iiclear Safety Regulations) as
follows:
121Normal operation

"Theoperatiorof a nuclear facility by observing the Operational Conditions and Limits approved by the nuclear safety at
including, in the case of nuclear reactors and nuclear pdoad plaantgies, shutdown, stap, fuel rod replacement,
maintenance, $¢s, and other planned operations

3.4.3.4 Design Basis Condition

Annex 10 to Government Decree No. 118/2011. (VII. 11.) (Nuclear Safety Regulations) defines events falling
category of design basis conditions as follows:

179Expected operational events

AA process triggered by an i nit iaadlysedceordng to thenprinciplelefd a
single failure, as well as covered by these analyses, which has a significant chance of occurring during the operatir
thenal ear power plant. o

(Note:
The expected modification of the NSR wil!/l change the ter

Another group of operational states is that of service breakdowns. It is advisable to consolidate the notion ¢
brekdown, along with its associated group of events and conditions.
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159Design basis breakdown

AA process triggered by an i nit iaadlysedceordmng to thenprincipleda d a
single failure, as well as coverdtbby analyses, which has a slight chance of occurring during the operating time of t

nucl ear power plant, and which results in fuel rod d
Note:

The expected modification of the NSR wilerepahe t erm Anucl ear power planto with
stateo.

In Annex 3 to Government Decree No. 118/2011. (VIIl. 11.) (Engineering Requirements of Nuclear Power Plar
Chapter entitledefiGener almobgsiogheRs q3s2it2i33@nlistabei on s
taken into consideration.

Note:
With the expected modification of the NSR, the contents of Section 3.2.2.3100 are expected to change significantly.

The NSR requirement for abngoerational states falling under the category of design basis condition is as follow:

3.2.2.3700. Design solutions must ensure that after TA2 to TA4 (DBC2 to DBC4) operational states, the
unit achieves controlled state and then safe shutdevithistélbe shortest time reasonably possible.
Controlled state must be achieved within 24 hours, and safe shutdown state within 72 hours at the lates

3.4.3.5 Design Extension Conditions (DEC)

The relevant definitions given in Annex 10 of Government Déétrg®/ll1812Pare as follows:
155Design Extension Condition

A process that falls outside the scope of expected operational events and service breakdowns, which cannot be
excluded, but may only occur as a consequence of several unrelated faluresyamalvevimore serious
consequences than the processes belonging to the design basis conditions, causing zone damage without
meltdown.

Note:

After the expected modification of the NSR, the foll owin
94/AComplex operating failure (DEC1)

An operational state that in the case of new nuclear units, falls outside the scope of expected operatiomal events and servic
breakdowns, which may only occur as a consequence of several, unrelated falluneay #wadeniviore serious

consequences than the operational states belonging to the design basis conditions, causing fuel rod damage without meltdow
In the case of existing nuclear facilities, this corresponds to a design extension breakdown.

145Serious acident DEC2)

A state of accident that involves significant damage to the reactor zone and includes meltdown, which has more
serious external affects than design basis and design extension conditions.

Note:

After the expected modification of the NBRywlreg section will replace the definition above:

il n the c powerplaninit, an opetatohakstate that involves significant damage to the fuel rods and has more
serious cffite affects than design basis conditions (DBC4) ancedasggnextn condi ti ons ( DEC1) . o

I n Annex 3 to Government Decree No. 118/ 2011. (VI
requirements” lists the minimum requirements to be taken into consideration in the case of desmmextension c
According to Section 3.2.2.4000, in the case of a new nuclear unit, following a DEC1 operational state (design
condition), controlled state must be achieved within 24 hours, and safe shutdown state within 72 hours at the la

Note:
Thet e x t fiin the case of a new nuclear unito wild/| be del et ¢

In addition, according to Section 3.2.4.0800: in the case of new nuclear units, the cumulative probability of the
events with high emissions for each jeit@tiomal state and effegith the exclusion of sabotagmist not

exceed the value of¢fj@ar. Compliance with the requirements must be verified by levelb2qmo=idity
analyses.
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3.4.3.5.1 Russian units

In the Russian Federation, the higheistegulation for the peaceful and safe use of nuclear energy is formulated
Act 17 2 of 19 95 Ugelol Atainic Energyadrthe highest lgvel regulation applicable to the quality
assurance of nuclear power plant equipment isrscfdr8# FZ of 2002 (12.0Mechnical Regulatidns

Russian units are engineered in accordance with the normative documents-fevalihgeeathhéeal structure,
issued by the Federal Nuclear and Radiation safety Authority of RUSMNGOBZR) The most relevant of
these normative documents are the following:

x NRO0197 (PNAEGL01197) A Gener al Regul ation on Ensurir

x NPOO®8 MnRequirements to Contents ofwtBbEWERt Y A
Reactorso

x NR1098 MnARegul ation on EsatioeBlylsitehmisn g fa mMNd cOearra tPi
x NRO3:01 AStandards for Design of Seismic Resis
x NR0O3201 ANucl ear Power PlamanmhdSirtigugre@Gemeésald s

The EUR summarizes the specifications concerning Russian units in a standalone publication: Europes
Requirements for LWR Nuclear Power Plants (EUR), Volume 3, AES 92 Subset, Chapter 1, AES 92 Plant De
Part 2, Geneigafety Design Basis, Revision A, June 2006 Appendix A.

3.5 INTERNATIONANUCLEAREVENTSCALE

In order to facilitate the spread of information concerning nuclear events and tdpquaialy @hoim the
public, the social and political orgaatiors and the mediahe Nuclear Energy Agency (NEA) of OECD and the
International Atomic Energy Agency (IAEA) developed the International Nuclear and Radiological Event Scale |

The INES scale is intendadféom and notify the public using a comparatsealeabout the quality and the
severity of the events, incidents and accidents and their impacts on safety in nuclear power plants or othe
facilities.

The INES scale rates the events on a scale of seven levels.

Deviations from normal operatigigaie rated by levelsdf the INES scale. There are three levels for incidents and
four levels for accidents.

The International Nuclear and Radiological Event Scale Fghre@vBlin
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Nemzetkdzi Nuklearis Esemény Skala (INES)

Magymeéreki kibocsatas:

azeéles korl egéazsegi &3 kornyezeti hata
Jelentds mérték kibocaats:

a helyi balesetelharitasi terv teljes
meértekil vegrehajtasa

Korlatozott mérteki kibocaatas:
a helyi balesetelhartasi terv
részleges végrehajtasa
Kizmértekii kibocaatas:

& lakoasag sugarterhelése az
elgirt korlat nagyaagrendjében

BALESET

4.
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2.
UZEMZAVAR
k Eltéres az engedehezett

UZEMZAVAR

Telephelyi hatés

izemi allapottol

Skala alatti e seményeknek a biztonsag s zempontiabol nincs jelentdseégiik

Balesétaccident

7.Nagyon s %imajoescidena | es et

Nagym®rt ®k T kibocs§t&s: A hel yiSgrifieaht ersissibnewidespreat! heflth and éneirormentakeffecte s m®r t ®

6.S ¥l y o siseboad aecident

JelentRs m®rt®kT kibocs§&t&§s: A hisignjficant braissiensfl impléntestation ofplanneddosmiamrmest e | j e s |
Telephel yen k2 viadcidentkithavided eoaseqoendesa | j 8r - bal eset

rl §tozott m®rt®kT ki bocs§t §s:iLiaitet enissidn: intperheatatientoesonte planhed Bealicountermeasures® s z |

| sRsorban | ®t es 2 tian@dent with lochlednsgligences at §s % bal eset

en kism®rt®kT kibocs8t §s: a i Minremiss®rg radioactjvé exposurefokpbp@latien within spedifigimits k or |
S
n

@mo -

Yl y oiseriQug iacidentt v a r

e ki sm®rt®kT kibocs§t §s: a il \tely snsall @rgssios: uagliactitecexpostire Gf p@puladian ondy la Réction of theo
cified limits

| z & madanv a r
elephelyi Hats Impact within the facility

Re nd eahdmalyn e s s ®g
t ®r ®s az e ngeid®édrsor fromthé nognal eperating cangliionst - |
8§l a alatti esem®nyeknek aiBvdant tndestheScale barveatgrmfeed signiicencd. ni ncs j el ent Rs ®

O —w—h~xXO

D Q-

p

uomeE 4N

=~ — -

Figure8.51: International Nuclear and Radiological Event Scale (INES)

The accident that took place in the Chernobyl nuclear power plant in 1986 belongs to B\saleo iee INE
accident seriously impacted peoplebs health and
criteria for rating on the INES scale was to clearly distinguish less serious events with less extensive impacts
very srious accident. Thus, they rated the accident that happened at Three Mile Island (TMI) nuclear power
1979 as level 5 on the INES scale.

Events of any level on the scale have to be reported to the National Nuclear Energy Office (@&\H) and the
headquarters of the International Atomic Energy Agency (IAEA) and also to other organs designated by |
international treaties, within the specific timeframe required for the given level.

The events are rated in Hungary by the operative technical personnel of the Paks Nuclear Power Plant acc
Guide no. 1.48. of the OAH and based on the Nuclear Safety Regulations (NSR), which is approved by the (
Information and Visitor Ceoftr¢he Paks Nuclear Power Plant issues a short, clearly understandable puk
announcement about all event on the scale and forwards it to the Hungarian Press Agency.

The specific events related to nuclear facilities, categorized on the hE&BaifAftieladix 10 of NSR are rated
on the INES scale according to a complex set of criteria.

Table3.51 shows the general criteria of the rating of nuclear eVahts3&tlgives examples that ibtstthe
INES criteria that are used to eatwdimts at nuclear facilities.
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Description and INES
level

Accident with wider
consequences
INES 5

People and environment

Limited release of radioactive materi
likely to require implementation of som
planned countermeasures.

Several deaths from radiation.

Engineering control in the facility and
radiological barriers

Defencein-depth

Severe damage to reactor core.

Release ofarge quantities of radioactive materi
within an installation with possible exposure
(one or more members of) the population. T]|
could arise from a major criticality accident
fire.

Accident with local
consequences
INES 4

Minor release ofradioactive materia
unlikely to result in implementation g
planned countermeasures other than Iq
food controls.

At least one death from radiation.

Fuel melt or damage to fuel resulting in mq
than 0.1% release of core inventory.

Release of signifiaet quantities of radioactivg
material within an installation with a hig
probability of significant public exposure.

Serious incident
INES 3

Anomaly
INES 1

Exposure in excess of ten times f
statutory annual limit for workers.
Non-lethal deterministic health effeq

(e.g., burns) from radiation.

Exposure rates of more than 1 Sv/h in
operating area.

Severe contamination in an area not expecte(
design, with a low probability of significan

public exposure.

Near accident at a nuclear power plant with no sal
provisions remaining.

Lost or stolen highly radioactive sealed source.
Misdelivered highly radioactive sealed source with
adequate procedures in place to handle it.

Overexposure of a member of the public in exces
statutory annual limits.

Minor problems with safety components wi
significant defencén-depth remaining.

Low activity lost or stolen radioactive source, device
transport package.

No safety significance (Below scale/INES 0)

Table3.51: General criteria of rating nuclear ev2hfs [3
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Description and INES People and environment Engineering control in the facility and Defencein-depth
level radiological barriers

Accident with wider Windscale Pile, UK, 1957 Release | Three Mile Island, USA, 1979Severe
consequences radioactive material to the environmel damage to the reactor zone.
Level 5 after the reactor zone caught fire.

Tokaimura, Japan, 1999 Leth| SaintLaurent des Eaux, France, 19

s v leeel exposure of workers owing to a critic| Melting of one of the fuel channeis the

Ecécz?guences event in the nuclear facility . reactor, without release outside the facility
Serious incident No precedent Sellafield, UK, 2005 Release of significa| Vandellos, Spain, 1989 Neaccident due
Level 3 P ’ amount of radioactive material contain( to fire, which stopped the safety system

within the facility. the reactor.

Anomaly Damage done to the operation limits in|
Level 1 nuclear facility.

Table3.52: Examples used for rating events in nuclear facilities to illustrate the HRES criteria [3

Table3.51 andTable3.52 do not contain the level 3 incident that took place on 10i\priitZD08the Paks Nuclear Power Plant and the very serious level 7 accident t
took place on 11 March 2011 in units 1, 2 and 3 of the Nuclear Power Plant of Fukushima Daiichi in Japan.
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4 DESCRIPTION OF THRRNED INSTALLATIQNE

4.1 LOCATION AND OWNERSPHF THE PLANNEISTALLATION SITE

4.1.1 SITE OF THBAKSNUCLEAHRPOWERPLANT

The site of the Paks Nuclear Power Plant is located in Tolna County, 118 km south of Budapest.

The plant lies 5 km south of the centre of Paks, 1 km west of the River Danube and 1.5 km east of Main Ro
Figuret.1.11 shows the plant and its immedia'lteremv

2 S e 4
4 mwn,ouun‘
‘A9, Art

mvm paksl atomerdmi

T,

MVM PaksiiMVM®@akeNugearPower Plant

Figuret.1.11: Overview map of the Paks Piaht [4

The southern border of Hungary lies 75 km as the crow flies from the plant.

Theapproximately 5,%larea of the plant can be divided into two parts in terms of its functions and security and
protection.
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Theoperating area of the Paks Nuclear Power &laoinmodates the four units of the current power plant and the
related waterake plant and warm water channel as well as the ancillary equipment and systems, the offices &
maintenance and storage facilities providing services for them.

There is a temporary storage faci lH tK° zfhoars zsnp/e nNo nf
(RHK Kft.) on the area adjacent to the operating area.

The maintenance workshops, storage facilities and offices of the contractor institutions and companies need
operation of the power plant are locategmijeittarea of the Paks Nuclear Power Plant

4.1.2 THE AREA OF THE NUBREPOWER PLANT ASERED INTO THE LAREGISTRY RECORDS

According to the map extract dated 22 November 2012 scaled M=1:10 000 containing certified data issued by
District Land Registrijc@fFigured.1.21), the Paks Nuclear Power Plant is registered under a shared topographic
lot number (8803/15).
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Figuret.1.21: Certified copy as of 22 November 2012 of the map of the area of the Paks Nuclear Plant (the Paks District
Registry Office}q}[42]
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4.1.3 INSTALLATIOBITEOFPAKSIONTHESITEOFTHEPAKSNUCLEAROWERLANT

The areas envisaged for the new units are those north of the current units; the area delineated by the red line
operating area of the new units and the one delineated by the blue line will serve as a temporary construction s
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Figuret.1.31: The Paks site with the location of the planned new nuclear power plant

File nam&AKSII_KHT_1_8_EN 81217



MVM Paki. Zrt Environmental Impact Stuc
Implementation of New Nuclear Power Plant Units at the Paks Site Description of thBlannedinstallationSite

The total area is 105.8 ha, of which opertiting &axd the temporary construction will occupy 29.5 ha and 76.3 ha
respectively. The operating area will accommodate the power plant units, the auxiliary equipment and systems
support as well as other buildings, and the temporaryrceitstwititimfer a suitable location for construction in the
implementation phase.

o
Figuret.1.32: Site of the planned unigj [4

4.2 INFRASTRUCTURAL COGINENS OF THE INSIATLION SI{é-4]

4.2.1 TRANSPORANDACCESSIBILITY

A task of major importance in the preparatory phase of the investment is studying the accessibility of the de
development area and the feasibility of the supply of a large amount of equipment. The area earmarkec
construction of the new units is accessible by road, rail and water; however, the physical condition of the
infrastructure does not make or only partially makes daily commuting or the supply of a large amount of e
possible in the installaperiod. The upgrade (development) of the infrastructure is of key importance among the
upgrades related to the investment and is slated for implementation during the preparatory phase of the investr

4.2.1.1 Road connections

Both the operating andténgporary construction sites of the new nuclear plant described in the previous sectior
accessible via the M6 motorway (Paks southern exit) and Main Road No. 6. There are separate driveways leac
northern gate and the southern gate ofeéhe powkr plant. However, it is inevitable that the current infrastructure k
developed. Towards this end, the following opportunities are available:
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Several options for accessibility by road have been studied in advance:
V implementation of a new acoessbranching off the exit of the M6 motorway;

V upgrading the road net work <connecting the
N®met k®r and B°l cske) with Main Road 6, to 2

V widening and upgrading the curtentdito Gerjen.

The GerjeRaks Nuclear Plant road and a boat or ferry service on the River Danube can plug the city of Kalocsze
surroundings into the construction project.

4.2.1.2 Railway connections

Regarding rail links, the current railroad runshalarga mentioned in the direction of Pusztaszabolcs
(Pusztaszabolbsu n a 4P &8s 0s Hungari an Rai | s étrack milrdad).aThd original | e c
section was upgraded during the construction of the Paks Nuclear Poweuitalalg famceigygies with an axle

load of 20 tons; nevertheless, the section needs further upgrading. Alternatively, a new track needs to be imple

4.2.1.3 Waterway an nautical connections

Regarding access by water, the Paks Nuclear Power Plant afpeadhdas\eer, it needs to be upgraded with a
portal jHerane and perhaps extended.

4.2.2 WATER SUPPLY AND WRSVATER DISPOSAL

The operating and temporary construction sites of the new nuclear plant will be located north of the current ul
Paks Nucledlant. Currently, no direct water supply or waste water disposal is available. Therefore, this issue n
be addressed.

4.2.3 GRID CONNECTION

In order for the envisaged new nuclear power plant units to be connected to the power grid, a new 400 /
transformer station (Paks Il substation) needs to be built. The electricity generated in the new units is transmit
new substation via a 400 kV overhead electrical power line; a duaupZupylpadk be connected to the spare

houseservicdransformers of the units first via a parallel overhead line and then a cable on the premises of the p

In order to be able to feed the electricity generated by the new nuclear power plant unitsubstattbto Paks I
the grid, a taay Pak®\lIbertirsa line needs to be built.

Electricity needed for the construction of the new units must also be provided. Such temporary power can be
via feed cables from a 6 kV ring connected to the external network (outside the Paks N)ced/dPdher Plant
internal network of the Paks Nuclear Power Plant. The feed cables would connect the ring to mobile €
containerized transformer stations, feeding distributiistrdngidn networks supplying the usgrs. [4
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4.3 THEPAKSNUCLEARPOWERPLANT AND ITS ASSOTER FACILITIES

Il Y
|‘:|J:\[.=

q
4

Main operating building |

Main operating building Il
Sanitary facility and laboratory
Auxiliary building |

Auxiliary building 1l

Diesel engine room |

Diesel engine room Il

Chemical weatpretreatment room
Hydrogen nitrogen tanks
Hydrogen plant

I - Il Water abstraction structures
Sludge tanks

Waste water treatment plant
Transformer station

Spent Fuel Interim Storage (SFIS)

Figuret.2.31: The Paks Nuclear Power Plant and its associated facilities at th&] Paks site[4

File nam&AKSII_KHT_1_8_EN

84217



MVM Paki. Zrt Environmental Impact Stuc
Implementation of New Nuclear Power Plant Units at the Paks Site Description of thBlannednstallationSite

4.3.1 PAKSNUCLEARPOWERPLANT

The Paks Nuclear Power Pl ant has a dominant rol e
beween 1982 and 1987, with one pressurizechaledeaind wataonderated VVERO reactor of thel 23 type

in each unit. The initial nominal capacity of the units was 46 W4 increased to 50Q iM\& capacity
boosting program, as a resulhich the total nominal capacity of Paks increased te. 206@ R®&t output of

each unit is 1485 \MaMd the total heat output of plant is 5940 MW

The Paks Nuclear Plant operates as a base load power plant with an output load keas@asattiygolysaibte.
In 2013 it generated 15,369.6 GWh electricity acc

Figuret.3.11 shows the electricity output of the Paks Ruekeraplabetween 1983 and 2013.
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Figuret.3.11: Electricity generation by the Paks Nuclear Power Plant, 1983 to 2013

The technology used witkeimtitlear power plant can be divided into a primary and a secondary circuit. The prir
circuit comprises the core with the main water circuit and the related primary circuit systems and other auxiliary
The main equipment of the primary imcwdtriical cylindrical reactor, housing the active zone. The reactor is fuels
by 42 tons of uranidioxide. The pressurized nuclear reactor is moderated and cooled by GghtHigdter (H
pressure and high temperature primary circuit wateh&anBontsthe reactor to the secondary circuit via the heat
transmission pipes of a steam generator. In the secondary circuit the heat generated in the reactor is transfo
kinetic and then electrical energy. In the steam generator watear@yapaches the turbines via the main steam
system. The steam exiting the turbines condenses on the heat transfer surfaces of the condensers cooled v
from the River Danube and returns to the steam generators. The Paks Nuclear Plaat tieeRibher \Rateube

for cooling and discharges it back to the Danube after warming it up. The main transformers (2 for each unit)
the electricity generated to 400 kV.
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Figuret.3.12: Eastwest crossection of the Paks Nuclear PowefdHlant
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Figuret.3.13: View of the twin units of the Paks Nuclear Poixed] Plant
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Fuel management and storage

The used or spent fuel assemblies, i.e. those no longer fit for use in the reactors, mustriiEe&lpomliéicub

must be hgelded for protection against radiation, and must be cooled to carry away their remaining heat. Aft
removal, the spent fuel assemblies are temporarily stored in a fuel pond, with an independent cooling circt
immediate vicinity of thetoza

Following their storage for 3 to 5 years in the fuel pondutisaspéransported to the Spent Fuel Interim Storage
(KKCT/ SFI'S) in order to free up the fuel pond for

4.3.1.1 Security zone of the Paks Nuclear Poveert Pl

The minimum width of the security zone of the Paks Nuclear Plant is 500 m calculated from the following eler
structures:
- the walls of the rooms comprising emergency cooling water pumps at water intake plants,

- the walls of the ducts where enwgrgeoling water pipes run and the pipes themselves where they are buried
the ground,

- the walls of the turbine engine room,

- the walls of the desalinated water pump rooms,

- the walls of the electrical cross bus line galleries,

- the walls of the reactdishiancluding the walls of theslattatiowers,

- the outermost points of the subterranean fuel tanks of diesel generators,
- the walls of diesel engine rooms,

- the walls of the auxiliary buildings, and

- the walls of the reinforced concrete tube bridge.
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Figuret.3.24: The security zone of the Paks Nuclear Powe6Plant [4
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4.3.2 400KV SUBSTATION

The electricity generated by the turbines of the Paks Nuclear Plant is transformed by the mai6Qravisformers t
The main transformers are connected via a 400 kV overhead electrical power line to a 400 / 120 kV su
constituting part of the national grid, in the south east of the Paks Plant. The 400 kV transmission lines runnin
substationrpvide the main routes of the delivery of the electricity generated. The 400 kV station section is conn
a 120 kV substation and, hence, the 120diStéong transmission line via twd 2008 kV, 25250/75 MVA

booster transformers.

The 400 kV substation uses SFhgalated switchgear technology ireadsbalf breaker arrangement. The 120
kV part is a traditional substation with 2 main and 1 auxiliary bus lines.

The substation is owned by MAVIR. Entry to the premisesild®fgmpdbe premises of the Paks Nuclear Plant.
(48], [46]

4.3.3 SPENTFUELINTERINBTORAGESFIS)

The spent fuel generated during the operation of the power plant must be temporarily stored prior to an
processing or final placement without reprocessing. Following their storage for 3 to 5 years in the fuel pond,
fuel cartridgesarevm®d t o t he Spent Fuel I nterim Storage (KK

CEER

éllm

Figuret.3.3:. Paks Nucl ear PR wer Plant KKCT/ SFI ¢

In the SFIS the cassettes are placedage didves filled with nitrogen gas. One storage tube contains only on
cassette. In the course of storage, maintenance of the subcritical condition is guaranteed by the geometric arr
of the storage tubes. The radiological shielding of the isaetriiged by a concrete structure that surrounds the
storage tubes, and the cartridges are cooled by natural draught.

The storage facility can be divided into three parts. One part is the storage chamber described above. The n
the so calleddding hall above the storage chambers, where the cartridges delivered to the facility are loade
loading machine into the individual storage tubes. The third part of the facility is the receiving building, where
fuels transported in a G80ainer are prepared for storage and where the other systems required for the operati
the facility are located. In the C30 container the fuels are transported under water. Before the fuels are plac
storage tubes, they must be dried aftearémm the container. For this reason, the receiving building also house
the technological systems and equipment required for servicing the containefuaigl drying the

The SFIS is a modular interim storage facility, with a storage capabityetkparcled by the addition of new
storage modules. Pursuant to Act CXVI of 1996 (Atomic Energy Act), the interim storage of spent fuels is as
Radi oakt?2v Hull ad®kokat Kezel R K°zhas zRower Mamtnitgsr o f i
a separate nuclear facility, independent of the operator of the power plant, having its own separate Final Safe
and operating license.
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The crossection of the storage chamber that contains the storage tubes and émsategnatullastrated in

Figuret.3.32.
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Figuret.3.32: Crosssection of the SFIS[4

4.3.3.1 The SFIS safety zone
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4.4 MONITORING SYSTEMSHE NEIGHRBHOOD OF THRAKSNUCLEAHRPOWERPLANT

Like all other power generating facilities, the Paks Nuclear Power Plant continuously monitors its charal
environmental emissions that are necessary concomitants of is technology, as well as their appearance
environment (immissions), and ferrishemmary report of them, cf. the 2013 Environmental Report of the MV
Paksi Ato®ler RmT Zrt. [ 4

4.4.1 CONTROL OF TRADITIOEAVIRONMENTAL COMNDN INDICATORS
4.4.1.1 Control of waste water and used water emission

Waste and used water emission is monitoredancowih the SBHEvision Plan approved by DAKTVF.
Temperature monitoring
The temperature of the Danube water is measured at the northern supporting buttress of the baffle wall of

water channel.

The temperature of the watpembolant (wammater) is measured at the end of the warm water conduit, before
the lefbank gate.

Water volume measurement
Water volume is measured by ultrasound volume meters installed on the warm water conduit and the back mixi
Water quality monitoring

V1 sampling and remote metering station: sampling from the cold water conduit
V2 sampling and remote metering station: sampling from the warm water conduit

V4 sampling station (sample pumped from the cassette of the energy dissipation deviceXxtwangsling the
used water and purified waste waters returned to the Danube; conventional emission limits apply at this

Expansion area pump shaft: Quality of waste water transferred to the Paks city waste water treatment plai
set threshold).

Otrer sampling places: before and after the communal waste water treatment plant, at the caustic sludge |
the chemical waste water pool

4.4.1.2 Groundwater monitoring

In order to monitor potential sources of environmental pollution, the Paks NudlepeRaesaRjeoundwater
monitoring system, as required by its environmental licenses. In the system set up for monitoring conv
emissions, the following parameters are measamatysedt the following sampling points:

At wells in the neigimhood of the operational hazardous waste collection site: pH, total sal, te¢al oil, KOI
Mn, Cu, Zn, Pb, Cr, Ni values,

At the sludge area wells: pH, conductivity, total hardness, total salt content, ammoniymiQotaepil, KOI
Mn, Cu, Z®b, Cr, Ni, Ghlues,

At the wells located next to the oil tanks: pH, oil centantndi@um, Cl values,

At the monitoring wells designated on the operating area: pH, ammoniym, nitrate, KOI

4.4.1.3 Exposure of the Danube to heat

Inspection of compliawid the heat load limits applicable to the Danube is performed accorditgvisidche Self
Plan approved by DAKTVF. According to the provisions of this Plan, the temperature of the water removed
returned to the Danube is continuously measdrédthe temperature of the water discharged to the Danube
exceeds 2%, the temperature of the Danube water 500 m downstream of the warm water discharge point
measured.
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4.4.2 OPERATIONAENVIRONMENT/RADIATIONPROTECTIOBONTROSYSTEMPERMS)

Theenvirons of the Paks Nuclear Power Plant have been monitored since 1978 by measuring the radioac
samples taken from the environment, from baseline surveys to continuous operational metering.

These measurements were performed by the Palk@oMecl@dant, various authorities and other institutions.

The fundament al purpose of nucl ear environment al
radioactive substances, the appearance of the latter in the environment eand dondemiidyradiation levels.

The metering obligation is based on Decree 15/2001. (VI. 6.) of the Minister for the Environment on rac
emissions to the air and to waters and on their control, which stipulates that during the ugetioé hexddsr energ
of environmental radioactivity related to the emissions of the power plant must be monitored in the air and in ws

The continuous monitoring of the vicinity of the Paks Nuclear Power Plant must be performed by the Op
Environmental Radiation Protection Control System (PERMS). The summary report of the findings relate
measured ambient radiation andatigkioconcentration based on sampling from the individual environmental medi
published each year under the title ARadiation Pr

The territorial arrangement of the radiological and environmémjasyatamiaf the Paks Nuclear Power Plant is
showrFiguret.4.21.
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Figuret.4.21: Geographic location of the radiological and environmental monitoring system of the Paks Nuel®r Power Plar

File nam&AKSII_KHT_1_8_EN 92217



MVM Paki. Zrt Environmental Impact Stuc
Implementation of New Nuclear Power Plant Units at the Paks Site Description of the Planned Installation &

Emissions and the condition of the environment are assessddggtrheaitevels:
x by continuous measurement

i The online remote monitoring networks measure the most significant radioactive emis:
(aeriform and liquid) and environmental radiation volumes on an continuous basis.

x by sampling

i The Emission Monitoridgokatory uses isotope selectivegriigjkion laboratory investigation
methods to improve the accuracy of the remotely measured values of the samples taken fro
emitted media.

U The Environment Monitoring Laboratory measures the isotope cattiotveacintration,
the gamma radiation dose and the dose rate of the various environmental samples taken fr
the environment within 30 km of the plant.

Both laboratories are accredited by the National Accreditation Board.

The structure of the-lwel radiological and environmental monitoring system of the Paks Nuclear Power Pla
shown ifriguret.4.22.
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4.4.2.1 Radioactive emissions and their control

In 2004 the emission limitation system prescribed by Decree No. 15/2001. (VI.8.) of the Minister for the En\
entered into force. It compares both aeriform and liquidtenfisssmtope specific emission limits derived from the
dose limits (80Sv/ year ) set for the Paks Nuclear Power Pl ¢

In 2013, the Paks Nuclear Power Plant used 0.26% of the emission limit, in other words, 0.26% of the permitt
were emittedikilsationof the limits on liquid emissions was %,712.10.18%, while 7.77&00.08% of the
aeriform emission limit was used.

Utilsatiorwas similar in the previous years: @2626, 201:10.20%, 20100.25%, 2009D.22%.

4.4.2.1.1 Aeriformemissions

Gases of radioactive content are emitted from systems of the Paks Nuclear Power Plant to the environmen
systems that ensure filtering and control in order to expose the environment and the power plant staff to tf
reasonable ratian.

In addition to the systems managing exhaustions from the potentially polluted premises of the Paks Nucle:
Plant, special gas purifying systems and a hydrogen treatment system ensure minimum emission to the air.
pur i fyi ngionssyogpurify kmbdshigictivityaas reliefs. The function of the hydrogen treatment system i
to catalize the burning of the hydrogen gas leaving the primary circuit heat carrier of the unit in order to pre
building up of an explosive otnatien.

Aeriform (aerosol, steam and gas) radioactive substances are emitted from the Paks Nuclear Power Plant thrc
points in a controlled way:

Emission point No. 1: ventilation chimney of reacfor units 1
Emission point No. 2: air funnel sédutitary building
Emission point No. 3: ventilation chimney of reactbr units 3

The chimney is measured online, inert gases are metered by a gamma spectroscopic nfdthod (NEKISE)
measured by sampling, aerosol is also measured by sampling, from daily and weekly samples, iodine is meas
the sampling method, from daily and weekly average sa¥fiesTé@are also measured from samples.
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. . Totalemission Utilisationof the emission limi
Radionuclides [Bq]

Corrosion and fission products 1.19 1@ 1.93 1¢
Radioactive inert gases 2.86 18 3.46 1@
Radidodines 7.37 10 3.29 19
Tritium 4.05 1% 2.3416
Radiecarbon 6.39 18 1.81 1¢

Total 7.77 16

Tablet.4.21: Aeriform emissions by the Paks Nuclear Poiv@0OPE[1.2]
In 2013, utdationof the limits on aeriform emissions was 7.7/i.£0 0.08%.
4.4.2.1.2 Liquid emissions

Inview of the place of generation, the liquid radioactive wastes generated during operation are as follows:

- abovebalance waters;

- boric acid wastes of unscheduled primary circuit leakages, drainages and ventings;

- waste from room decontaminations andnaiffier ru

- regeneration waste and loosening water of primary circuit water purifiers,

- spent ioexchange resins of primary circuit water purifiers,

- chemical waste from equipment decontaminations,

- evaporator acidifying solutions,

- waste water generated irpthmeary circuit laboratories, laundry waste water and polluted showerin
water,

- polluted organic diluents (washing benzine, washing alcohol, petroleum) and ails,

- scheduled primary circuit leakages and various primary circuit boric acid solutions.

The genated liquid wastes, concentrates and usechi@mmge resins are stored in tanks in auxiliary building No. 1
of units-2, and auxiliary building No. 2 of-¢nits 3

Waste water generated in the primary circuit laboratories, laundry waste ectshamerpeditar are transferred
to various storage tanks in the healthcare laboratory building.

Liguid radioactive materials are emitted from the Paks Nuclear Power Plant through one point in a controlled
waters emitted from controlled tanksiaeddo the warm water channel via permitted emission routes, through tl
outlet conduit that collects purified communal waste whidarad®waters before the energy dissipation device,
and then they are let into the Danube.

Summary data of th&20quid radioactive emissions:

. . Total emission Utilisationof the emission
Radionuclides -
[Balyear] limit
Corrosion and fission products 291 x10 1.00 16
Tritium 2.24 x 18 7.73 19
Alphaemitting radionuclides 1.87x 10 1.93 16
Total 1.77 18

Table4.4.22: Liquid emissions by the Paks Nuclear Powet(RIauful 2]

In 2013, utdationof the liquid emission limit was 1.7%,1@. 0.18%.
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4.4.2.2 Assessment of the state of #avironment

The state of the environment is assessed by analyzing the results of the following measurements:

1 measuring the radioactive concentration of theugithakoil, groundwater and natural vegetation (grass),
1 measuring activity in surfaters/(Danube, fish ponds, catch drain), water, sludge and fish samples,

9 measuring activity concentration in certain food samples (milk),

1 measuring the ambient gamma radiation dose and dose rate.

Figuret.4.23 shows the location of remote monitoring stations that monitor the state of the environment in the vi
the Paks Nuclear Power Plant.
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Figuret4.23: Type AAO0 and AGO remote monitoring stations mor
NucleaPower Plant-J£]

4.4.2.2.1 Remote metering systems

Remote metering systemghin a 1-km radius of the Paks Nuclear Power Plant
Nine type AAO measuring and sampling stations (4

gamma dose rate measurinin@n

(online) measuring the total betéyamivientration in aerosols

(online) measuring the fadime elementary and organic phases

taking aerosol and iodine samples for laboratory measurements (weekly and monthly)
6fallout, wasbut sampler (monthly)

THC sampler (T: aguegapouand hydroged)C: CQ and C+ GH.); (monthly)

11 stations-Gél) the type AGO (G1
0 gamma dose rate measuriniin@n

O O O0OO0OO0Oo

6The falbut of radioactive isotopes in the air may take place by deposition (gravitational precipitation), or asoa effedt of fadirgo®in or snow.
Collectively these processes are terroat! fall
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Remote metering systemvighin 30 km of the Paks Nuclear Power Plant
One measuring and sainkeferennéggost adli pnsobéatitgpeafi BDu

For the purpose of determining reference or background levels, the same measurements are performec
type AAO stations.

15 stations of the type ACDO

0 dose measurements performed by-tharnmescent detect@rsD) (monthly)
o fallout sampling and analysis (periodically)

4.4.2.2.2 Sampling, laboratory tests

0 water samples at water sampling points V1, V2 and V3 (daily sampling for total gamma,
beta, and monthly or quarterly sampling for isotope selective njeasurements
o0 water samples and sludge samples

1 Danube, fish ponds, catch drain, lime sludge pool (quarterly)
1 Danube Backwater at Fadd (monthly)

o soil and grass samples from the vicinity of remote monitoring stations (periodically)
o milk samples fromthedairibsiah aszent gy°r gy and Tengel ic
o fish samples from angling ponds (quarterly)

4.4.2.2.3 Measurement of groundwater tritium activity concentration

To measure the tritium content of the groundwater under the main building, the Paks Nuclear Power Plar
mortioring system in order to meet the requirements of Qextiohré8olution-¥2A7 (IBJ tasks) of OAH.

Fundamentally, the tests are based on the network of groundwater monitoring wells surrounding the nuclear pc
consisting of nearly 140swef which 52 are sampled monthly or annually by the Radiation and Environme
Protection Department. The tritium activity concentration measurement of the samples was supplemented by
and gamma spectrometry measurements whenever gitinatiaomxceeded Bogdrd Within the framework of
environmental monitoring, continuous water samplers were installed in 25 wells for the main purpose of detec
radioactive substances that might be present (gamma spectrometry onc&h dhosoimthd, montlis9Sr

once in 4 months,-PRU trangranium once in 8 months from-vahgme (20 liter per month) average
samples), in addition to monitoring tritium.

The annual additional exposure to radiation from groundwater tritlu@1 inSdpear, practically negligible in
comparison to the exposure to natural background radiation, which is about 20% higher in Hungary than tt
average (2rSvl/year), as it amounts to 3, or at certain places 4 mSv/year.

4.4.2.3 Additional exposure dig population to radiation

Based on the 2013 emission and meteorological data of normal operation, the annual additional exposur
population to radiation, resulting from the normal operation of the plant, is shown in the following table.

Dose limit nBvlyear 90
Population dose nSviyear, 4.83 16
Limit utdation % 5.37 18

Tablet.4.23: Dose limit wdtiorat the site of the Paks Nuclear Powér F)aBt[4 2]

According tocalculations the 2013 additional exposure to electromagnetic fields resulting from the normal
operation of the Paks Nuclear Power Plant was 48.3 nSv, which is 0.0537% of the 90 Sv permitted annual dc
limit.

This additional radiation exposure is ideritieaéffective dose received during about half an hour in the open ai
thus it does not impose practically any health hazard, and the population was exposed to a negligible ar
additional radiation.
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4.4.3 JOINTENVIRONMENT/RADIATIONWONITORINEBYSTEMJERMS)

The Joint Environmental Radiation Monitoring System (JERMS), run by the authorities to check the radiation
of the power plant operates in parallel with the measurements performed by the Paks Nuclear Power Plant.

30 km
O

Dunafoldva

EGA (SH)
/B FmA (SA
KvvA (SEW)

Note:

E ¢ ichealthcare

F miCagriculture

K v Vehvironment and water management

Figuret.4.31: Official measuring points within 30 km of the Paks Nuclear Pet33r Plant [4

The following ministries are members of JERMS:

Ministry of Human Resources (EMMI), Heal t hcare Divi
Ministry of Agriculture (FM)

Agriculture Division (FmC)

Environment and Water Management Division (KvVC

In the framework of inspections by the authority, in addition to tatmmspbgriaf and aquatic environmental
emissions, laboratory analyses are also made of the Danube water and sludge, soil, plant and milk samples.

In addition to measuring the dose rate of ambient radiation, the authorities have been measgingidse following
since 2001:

atmospheric aerosol,

atmospheric fallit, dnput,

surface waters (rivers, natural and artificial lakes, channels)

drinking water (wells, depth)

deposit (rivers, natural and artificial lakes)

soil and grass samples (irrigatedagnuigated arable land, garden, meadow and road
side)

o leaf vegetables (kitchen garden indicator plants, raw kitchen garden food, fruits)

0 meats (pork, beef, lamb, poultry, game, fish)

o raw milk

O O0OO0OO0OO0Oo

In the course of the impact assessment of the envimiis thieR#da measured by JERM&nedyseth detail
in the chapter entitled AENnvironment al Radi oactiv

Under the titReport of the Joint Environmental Radiation MonitorintEB}&pyblishes annual reports of its
activities performed insttape of its regulatory inspection of the neighborhood of the Paks Nuclear Power Plant.
reports containing the findings recorded betwe2612398® public and can be downloaded from the JERMS
website:

http://www.hakser.hu/eredmenyek/eredmenyek.html
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4.4.4 NATIONAIENVIRONMENTRADIOLOGICAVIONITORINESYSTEMNERM$)-14]

Under Government Decree 275/2002. (XII.21.) Korm. the core responsibility of the National Environmental Re
Monibring System (NERMS) includes the collection of countrywide measurement results ofmatlgal and me
environmental radiation to which the population is exposed, and of the concentration of radioactive materie
environment.

The following are measl:

I ambient radiation dose rate,
9 activity concentration of radioactive isotopes,
- in the environmental elements (air, soil, surface waters, natural and agricultural plants, wild faur
livestock),
- in the animal and plaa¢ed foods consumed bpdpelation and their raw materials,
- in drinking water,
- in construction materials and raw materials,
9 activity concentration of radon and its daughters in the open air and inside buildings,
1 internal radioactive pollution of the human body.

Based on the NERM&asurements, additional tasks include:
x  furnishing the population with information,
x  publishing the outcomes of the surveys in annual reports,

x digesting the survey data collected on a national level to inform the Commission of the Eur
Communities.

Varous public administration aaf@os and certain special institutionsERM membararticipate in the activity
of NERMS. NERMS 6 8teeting Committee i(NERMSFBE)aegtmlized mnfine aollection and
evaluation of the results collected Bgphrmte radiological environmental monitoring oketwerkwdividual
NERMS memis and the administrative tasks of NERMS are perforinéatimatio€entreof NERMS (NERMS
IC)

The following ministries, nationalsatgamiand key facilities are members of NERMS:

Ministry of Human Resources

Ministry of National Development

Ministry of Agriculture

Ministry for the National Economy

Ministry of Defense

Hungarian Academy of Sciences

Hungarian Atomic Energy Authority

Political State Secretary ContributirgManagement of Civilian State Security Services

MVMPaksi Atomer RmT Z&rtk°erTen MTk°dR R®szv®nytS&rsass§
Radi oakt2v Hul l ad®k ok a{PublelineitediLiakilitynpamny fornRadidactivepWaste i t
Management)

NERMS uses the findings of the following radiological laboratories, Nif#&d nbymberand the
environmental monitoring results of monitoring néte@kelysis of the radiological characteristics of Hungary.

Ministry of Human Resources
Radiological Monitoring and Data Acquisition(RAMDAN)

Ministry of Agriculture
Radiological Monitoring Network (RMN)
Hungdan Meteorological Service

Hungarian Academy of Sciences
KFKI Atomic Energy Research Institute

Ministry of Human Resources
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Budapest University of Technology and Economicsehudlesrifistitute

Ministry of the Interior
National Disaster Control, General Direldtacktar Accident Information Centre
National Radiation. Monitoring and Signaling System (NERMS), remote monitoring network

Paksi Atomer RmT Z§ttthksSmE&m MTk°dR R®szv®n
Operational Environmental Radiation Protection Control System

Radioakt?v Hull ad®kokat Kezel R K°zhaszn% Nonprof
Management)
Operational Environmental Radiation Protectio8yStarol

Conclusion of the 2012 NERMS Report

The 2012 Report of the National Environmental Radiological Monitoring System (NERMS) summarizes the
measurements conducted in Hungary as follows:

Ailt must be emphasi z eadtreguaton of thé Eutomeanddosmngrivotd! i73s2Q0s/HC,0 t h
Council Regulation No 733/2008 of 15 July 2008 on the conditions governing imports of agricultural productaatigagoigvimin
the accident at the Chernobyl npolaar plantcodified version); Council Regulation (EC) No 1048/2009 extends its validity until 31 Mar

2020) (0J-201 of 30/07/2008, pagdhg maximum permitted levels of accumulated maximum radioactive level in term
caesiuni34 andl137 is 60Bqg/ky (370 Bg/kg for milk, milk products and baby food), the highest values measure
2012 in processed foodstuffs in Hungary remained below 40 Bqg/kg.

AFinally we mention that t he -madepoursésther thanfise ishdefor p o p u
medical purposegan be estimated between 378v6n recent years in Hungary, while exposure to radiation from
natural sources is higher by nearly three orders

Al n summary it can be s tdéatiliegdecific lerevitonmertat onitringn rgsults, ahe b
activities subject to licensing have negligible impacts on the environment and on the population, and the ra

BN

isotope concentration values remain below the detection limit for mamyrkindisefs . 0

In line with the aboviguret.4.41 shows changes in the national average and daily maximum and minimum gam
dose rates for the purpmisgharacterizing the conditions prevailing in Hungary.
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Figuret.4.41: Changes in the national average, maximum and minimum gamma dose 1Hb¢s in 2012 [4
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The daily dose rates measured by the dose rate probes included in the environmsrgsmonhitoeiriRpks

Nucl ear Power Pl ant in 2012 at type AAO and AGO
fluctuating between 58 and 98 nSv/h in the ambience of the Paks Nuclear Power Plant. These values repr
lower rangd all values measured in Hungary. The temporal changes in the measured values are shown below.
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Figuret.4.42: 2012 daily dose rates of the Paks NslesrPlant, measured at its environment monitoringktations [4
4.5 SUMMARY OF THE TOPAPHRC FEATURES ANDARACTERISTICS OEPRAKS SITE

The Paks site has numerous favourable features for the implementation of new nuclear power plant units:
V a nucleargwer plant has been operating at the Paks site for over 30 years,

V the population living in its vicinity has accepted the existence and operation of the Paks Nuclear
Plant,

<

the site and environs of the nuclear power plant is a meticulouslyaindestigate area,

<

the impacts resulting from the operation of the nuclear power plant are continuously monitorec
monitoring systems operating on the site and in its environs,

the site is directly on the bank of the Danube,

the Danube is availabla asoling water resource,

the required infrastructure is implemented and is available at the site,

the site is easy to access by road and rail,

part of the construction materials and large equipment can be transported by water,

due to the special laydubhe surface of the area, flood and excess surface water control are ensured,
the meteorological properties are favourable,

<K <K KKK K K L

population density is below the national average in the 30 km vicinity of the power plant, with the ex
of the city of Pak

the national electricity grid is readily accessible,

<
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V qualified and skilled manpower experienced in work at the nuclear power plant is available in the reg

V Due to its natural and infrastructural resources, Paks offers a good opportunitgddatiba atcom
the people engaged in the building and later in the operation of the new plant.

Compliance with the geological and nuclear safety requirements will be evaluated in detail and certified by the |
Atomic Energy Authority in the framéwaosite licensing procedure to be conducted on the basis of the Nuclee
Safety Regulations (NSR) attached as annexes to Government Decree No. 118/2011. (VII.11.) on the nucle
requirements of nuclear facilities and the related activitidesf author
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5 POSSIBLE CONDENSERCING METHODS OF NEWZLEAR UNITS

5.1 COOLING REQUIREMENTD OPTIONS FOR ELERICITY PRODUGINNOWER PLANTS WITH
CONDENSERS

In the case of condenser cooled power plants of all types the laws of physics dictate that the majority of heat ¢
the fuel or the fuel rods in the case of nuclear powérth&ntannot be utilized for elpotier production be

discharged into the natural environment, which acts as the final heat absorber. The reason for this is that the c
cannot be cooled below the actual ambient temperature. This also determines the efficiency e$this cyclical proc

In the case of modern nuclear power plants with current state of art technéltfigyobtheuhéat released in the
reactor is eventually released into the environment, at a temperature close to the actual ambient temperature.

In addition to etdc power generation, there is also heat produced in the primary and secondary circuits of n
power plants that cannot be used for electric power production, and which is carried off by the cooling syste
waste heat produced in the primeuit ofr power plants is carried off by-thBedoemergency cooling water
system; the condensation heat to be extracted from the condenser in the secondary circuit is carried of
condenser cooling water system; and the heat generatedadfotfiealexstems of the secondary circuit is carried
off by the technological cooling water system.

More than 95% of cooling demand in a nuclear power plant is met by cooling the condenser.
Primarily, the following choices are considered to abserhttdtkhygat, depending on the amenities of the site:

o high yield river;
o large lake;
0 sea.

In cases where there is a large amount of water available in the vicinity of a power plant, cooling is achi
streaming the cooling water directly throughdtreserp this is thecsdled fresh water cooling method. The
warmedip cooling water is discharged into the sea or river.

When the amount of available fresh water is insufficient for cooling, wet or dry cooling towers are used. The wz
the coahg towers recirculates between the cooling tower and the condenser. In this case, the majority of the he
discharged is carried off by the evaporation heat of the cooling water, and the rest of the heat is absorbed |
through heat transfer.

Nearly 1J of nucl ear power plants in operation tod
Fresh water cooling Cooling towers
Sea River Lake Wet/Dry
45% 14% 15% 26%
74% 26%

Tabléeb.:1: Breakdown of current nuclear power plant cooling shjstems [5

In the case of the planned new nuclear units, the main technology and the majority of auxiliary systems anc
have a relatively low dependency orstddiation environment; however, the cooling system must be chosen in
project specific manner, taking the features of the actual environment into consideration. The cooling method ¢
technical and economical features and the environawtbthmplanned new nuclear units.
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5.2 STATUTORFRAMEWORKNDLIMITVALUESFORTHETHERMAILOADOF
AQUATIENVIRONMENTS

The warm water discharged into the aquatic environment (thermal discharge) may affect the recipient aqt
including fish anther aquatic organisms. The adverse effects on the aquatic flora and fauna can be mitigat:
reducing the temperature of the water before being discharged, as well as by increasing mixing and heat los
effects can be regulated by the criteraingptee heat discharge limit values and the mixing zone.

5.2.1 GENERAL REGULATIONDANMITS APPLICABLE HEAT LOAD ON TEJATIC ENVIRONMENT
5.2.1.1 European Union
Thermal discharge is limited by Annex | to Directive 2006/44 (EC) of the European P@diam#ént and the

V in the case of cyprinid waters, the temperature measured downstream of a point of thermal dische
the edge of the mixing zone) must not exceed the unaffected temperature by more than 3%

V  thermal discharges must not cause the temperastneadowhthe point of thermal discharge (at the
edge of the mixing zone) to exceed 28AC.

Due to the uneven mixing of the discharged water in the recipient water, zones of higher temperature may b
inside the mixing zone. The main factors dffectimigjng zone include temperature, speed and the amount of
discharged water.

5.2.1.2 Hungary

The general rules are set forth in Government Decree 22@200zh {Nél protection of surface water quality and
Decree 28/2004. (XH.) KvWM on the emisBiaits of water pollutants and the rules governing the application of
these limits. The limit values for the thermal load of the aquatic environment must be specified based on ind
analysis, taking into account the sensitivity and load be#yirtd t@peecipient water, with a view to preserve the
desirable chemical and ecological balances. No limitation is given on heat emission and exposure to heat i
10/2010. (VI18.) VMvnsurface water contamination limits and the ruleg ¢josiemyplication

Table | of Annex 4 in Decree 6/2002. (XI.5.) of the Minister of Transport and Water Management (KvVM)
following limits on the contamination of surface waters designated as drinking water sources or reserves a
surfacevaters protected for fish:

Quality parameters Trout waters Barbel waters | Bream waters
Temperature* A d 18 25 30
Temperature change** |A C 1.5 3 5

Note:

temporary deviations from the water contamination limit value are allowed Article 12 (1)

**:temperature measured downstream of a point of thermal discharge (at the edge of the mixing zone) must not exceed the
unaffected temperature by more than the value indicated above.

Tables.2.11:Wder contamination limit values for fish waters

To this date, only a few surface waters have been categorized; these are listed in Annex 7 to De&ge No. 6/20(
of the Minister of Transport and Water Management. The Danube is not industaxbioing, thithe relevant
statutéas of June 7, 20litdoes not qualify as a fish water. The classification of the Danube, or some of its sectior
a fish water of some type should be based on ecological impact assessment studies.

Licensing praatie

During the licensing procedure of traditional power plants, the authorities specify the allowed difference bet
temperature of t he r gynthe makimuanatdowed ¢emperatare df thev avdtez to be
discharged{d), theinces e i n temperature after mixing (pT) an
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5.2.2 REGULATION OF THE RE®AD IMPOSED BYONEBAR POWER PLANTS
5.2.2.1 Member States of the European Union

Here are a few examples for such regulations in a few Member States.

Finland

There is ngeparate regulation for thermal discharge by nuclear power plants in Finland; limits are set by the col
authorities in accordance with the local characteristics of each project.

The two nuclear power plants currently in operation, Olkiwosaamske sea water cooling. Discharge limit value

for Olkiluoto is 30AC (weekly rolling average), m
For Loviisa, the Ilimit value is 34AC (hourly aver
Germany

I n Germany, the temperature difference between th
temperature of discharged water depends on the cc
caseofopensystermol i ng towers and 35AC in the case of cl

The amount of water removed must not exceed 1/3 of the lowest water yield.

Sweden

There is no separate regulation for water removal; limits for the amount of water that mayfdretiemoved an
thermal discharge are set by the competent authorities in accordance with the local characteristics of each proj

Typically, the amount of water removed by nuclear power plants does not exceed 200 m3/s (per site), and th
temperaturedir ease -2Js 10AC. [ 5
5.2.2.2 Hungary

Statutory regulation applicable to heat loading by fresh water cooling systems

High priority facilities, and more specifically, nuclear power plants, are subject to a special regulat®n set forth
15/2001. (VI.6.xtohe Mi ni ster for the Environment (K°M) on
control. The provisions for protecting surface waters and water bearing formations against thermal pollution are
Article 10 (1) of the Decree.

Article 10 (1): At high priority sites the following rules must be observed for protecting surface waters and wate
formations against thermal contamination:

a) the temperature difference between the water to be discharged and themaeigient watert e x c e e d
14AC if the temperature of the recipient water

b) the temperature of the recipient water measured anywhere in a section 500 meters downstream of the
di scharge must not exceed 30AC.

Based on Article 6§ ¢f Act LIl of 1995 on the general rules of environmental protection, other heat load |
required for protecting water quality are determined by the supervisory authority in the course of licensing the
environment.

Statutory regulation alppable to heat production by cooling tower cooling systems

There is no statutory regulation in effect that would limit atmospheric thermal load, and there is no known atr
purity protection metric or limit value for the assessment of thepeftdéotsnation and condensation.
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5.3 COOLING METHODS TO'BREN INTO CONSIDERN REGARDING TRHEKS SITE

The cooling tower options applicable to the envisaged new nuclear power plant usitalysPdksepamate

studies. The purpose of thesestigations was to select a cooling method that can be built and operated economi
with the best possible technology and efficiency under the circumstances and environmental conditions, al
complies with the environmental regulations giaimged lifetime.

The results of the analyses revealed that the two cooling methods feasible at Paks are fresh water cooling ar
tower cooling. These two options, fresthavater cooling systautilizing the water of the Danube, thdepdhcip

which is identical to the cooling method of existing units 1 tavdt emalittgetower cooling systewhich can

operate independently of the Danube in air cooling naoedy seénedepth.

The key solutioasalysednd their possible ritgives are summarized in Chaptéand Chaptér.3.2below, for
the fresh water cooling system and the wet cooling tower cooling system, respectively.

5.3.1 FRESHWATER COOLING

In the case of fresh water cdoling method currently used at tineeXisting units of Pakke waste heat is
removed by circulating Danube water through the condenser. For this cooling solution, water is removed by pul
water intake plant from the Danube, and fed through appropriate filters ané pipelinds todhs t ur bi ne
The cooling water flows through the condenser, and the warmed cooling water is released back into the Danul
the warm water channel and the return structure.

The fresh water cooling system hasaumgsedrom the ahdpoints of technology, economics, and environmental
protection. The analyses essentially explored the possibilities of removing the cooling water from the Dan
feeding it to the cooling water unit, as well as the technical solutions efwatanethgdbling water to the
Danube.

5.3.1.1 Alternative cooling water supply solutions

When analyzing the possible cooling water supply alteshatieagdpects of technologyeffestiveness and
environmental protection were considered.

For the technology, the aim is to supply an adequate amount of cooling water, taking into considerat
characteristics of the Danube, the different water levels, water yields and water temperatures. Water may be
either from the Danube batileaiver bay of the existing cold water channel of the Paks Nuclear Power Plant. As
site of the Paks Nuclear Power Plant was chosen so that further units may beddteélttinenessositeria for
cooling water supply dictate making wsarogtiities of the site and the existing facilities as much as possible.

From the aspect of environmental protection, it is also advisable to use the existing facilities, with modificatior
where necessary. In order to limit the encroachmemudésand facilities on Natura 2000 classified areas, efforts
shall be made to make sure that Natura 2000 areas are affected as little as possible.

The most important alternatives studied for cooling water intake and supply are the following:

o0 Cooling ater supply using a Danube bank water intake structure
o Cooling water supply using-theeyivater intake structure (selected solution)
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5.3.1.1.1 Twostage cooling water supply using a Danube bank water intake structure

In this alternative, the water intakevplddtbe erected on the right bank of the Danube, about 400 meters away frt
the mouth of the existing cold water channel of the Paks Nuclear Power Plant, facing upstream. Water is remq
the Danube by the pumps of the water intake plant kecbenits&ativer bank, and then the cooling water is fed via
a free flow channel, filters and a closed, reinforced concrete channel to the pump station located next to th
engine room. The condenser cooling water pumps located here citeutatedlgd e condenser, and then the
warmed cooling water is fed via a closed, reinforced concrete channel to the spillway. After the spillway, the
cooling water of the new units is released back into the Danube.

-~ W\ \

Figureb.3.11: Two stage fresh water cooling syktgaut [3], [34]
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5.3.1.1.2 Cooling water supply using a bay water intake structure

In this alternative, the new intake plant built in the river bagbisubt&t@dheters north of the existing water intake
plant, next to the existing cold water channel of the Paks Nuclear Power Plant. The cold water channel is usec
the units of Paks Nuclear Power Plant and Paks Il. Nuclear Power PleaiterTdtenalkel needs to be extended

to provide an adequate volume of cooling water and to adapt to the continuous deepening of the Danube. T
from the Danube is fed via the existing, adequately enlarged, free flow cold water channeineithepettially ap
bed to both the new and the existing water intake plants. The pump station of the new water intake plant tha
the new units with cooling water feeds the cooling water via a pipeline to the condensers of the new units.

ﬁilﬁﬂ_ A L1 R - - /’ ' i Melegviz—csatorna

Yl 1 7 ) Warm water channel e
2] | 19 ] i / =
I s |[%1 J & M /Hajokiksts / 7% 7.

Quay V/ / _ /

ed

/ /4

/

UJ vizkivételi mu /]
" New water jintake i
plant / r—r:

B vizkivateli ghall L il
4 Water mtokem\ont 1t

Figures.3.12: River bay cooling water supply, water intake from the existing cold wstemcapnnel

Of theanalysedooling water supply alternatives, the bay water supply basically differs igenfrtbehtwatetr

cooling system in that in this case, the existing cold water channel is a facility shared with the existing Paks
Power Plant. With the adequate expansion of the cold water channel, the necessary amount of cooling wate
providd for the both the existing units of Paks Nuclear Power Plant and the planned new units of Paks Il.

5.3.1.1.3 Evaluation

Cooling water supply from the bay is more favourable from the aspect of construction and operation than the
fresh water cooling syste

From the aspect of environmental protection, the option with thedioswesptelf and the one resulting in the
smallest amount of lost electric power is the most favourable, as any electric poaesuogitionselfist be
produced in ahet power plant. The most favourable considered alternative is the bay cooling water supply.

In terms of environmental impacts, in the case ditdige womling water supply, a narrow section of Natura 2000
area is affected due to the water intélee@anube bank, which presents yet another disadvantage compared to tl
river bay cooling water supply.

Based on survey results and in light of the technological, financial, environmental and nature conse
considerations, the bay cooling wateairdakeply alternative was chosen.
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5.3.1.2 Alternative solutions for the discharge of heated cooling water into the Danube

During the analysis and comparison of the different options of passing the warmed cooling water (hencefor
water) from the unitthe spillway, and onward from there to the Danube, then discharging it into the river, the pr
aim was to stay clear of the safety systems of the current operating units of the Paks Nuclear Power Plant.

Regarding the discharge of warm water frpithwag ® the Danube, we also investigated the use of the existing
warm water channel. The results show that it is preferable to make use of the existing warm water channel.

The alternatives of discharging warm water into the Danube are as follows:

o discharge into the Danube on the left bank,
o discharge into the Danube beyond the shipping lane, at the bottom of the bed,
o discharge into the Danube on the right bank (selected solution).

Based on currently known conditions, discharging the warneWeftdvaork thf the Danube was discarded due to
unfavourable mixing and significant investment costs compared to the other two alternatives.

Discharging the warm water beyond the shipping lane of the Danube is possible, and mixing isafsjourable in
but this solution requires a few significant technical interventions, and installing the structure that handles the
of the river bed is very expensive. Based on currently known conditions, discharging the warm water be)
shipping lare the Danube is only a secondary solution to the warm water discharge on the right bank of the Da

The following are the most important alternatives that can be considered for discharging warm water to the D
the right bank and that \aaedgedin detail:

V discharge through the existing energy dissipation device and the southern side channel,

V discharge through the existing energy dissipation device and through the northern channel brar
through a new baffle structure (selected solution)

5.3.1.2.1 Discharge of warm water through the existing energy dissipation device and through the southern
side channel branching from the new warm water channel

Detailed analyses were carried out regarding the discharge of the warm water from the retheesiséingnits vi
baffle structure of the existing warm water channel and the new southern side channel branching off from t
water channel. Discharging at the existing warm water channel mouth and at a point ca. 1 000 meters south dc
therefrorare shown on the right hand skiguire5.3.11. This second outlet point would enable the warm water to
better mix into and cool in the Danube.

However, the mixianalysis revealed that the second side channel outlet point located ca. 1000 meters to the
creates more unfavourabl @ominxiongli seamadirgieond heham i
line of the Danube shifts fromgheb@ank toward the left, which would result in insufficient mixing if a secotr
discharge point was set up 1000 meters downstream from the current discharge point.

Further downstream from the existing warm water channel outlet, the Danubevieigatting gtelight bank,
while discharging at a point further away from the warm water channel mouth would affect an ever greater Na
area.

Thus, as a result of surveys conducted in consideration of environmental and nature consenvatiaragonsidera
concluded that discharge through the side channel on the Natura 2000 area makes it hard to meet the envir
requirements presented in CHagtar2
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5.3.1.2.2 Discharging the warm water through the existing energy dissipation device and through the
northern channel branching from the warm water channel

If warm water from the existing and new nuclear units is discharged via the energy diskipatizoh atrietu
warm water channel mouth and via the new structure to be installed on the northern side channel branching of
warm water chanrfég(res.3.13), the size of affected Natura 2000 areas can be minimized, while an adequat
designed new structure can also help improve mixing. This new structure could also house the recovery wa
plant, whicghaccording to the analysksther improwv¢he mixing of warm water discharged into the Danube.

1

E

1 New nuclear power plant units

2 New route for cold water

3 3 New aqueduct for passing warm

water

4 New frelow warm water channe
5 Water level control spillway
6 Recovery power plant

7 Wastaveir

Figures.3.13: Warm cooling water returned using the existing warm water channel, with a new structure at the outlet that in
mixing site plan
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5.3.1.2.3 Evaludion

In terms of construction and operation, discharge of the warm water of the new nuclear units into the Danub:
favourable via the northern side channel of the existing warm water channel than via the southern one.

In terms of environmentaégionh, the more favourable alternative is the one that ensures a more thorough mixir
the discharged warm water with the Danube water. In this respect the northern branching off is a consideral
solution, because in this section mixingroachtioetter.

If impacts on nature are considered, the northern side channel is the more favourable solution again, becau
narrow belt of Natura 2000 classified area is affected, resulting in a considerable advantage compared to the
sidechannel.

Based on the conducted survey, and in light of the technical, financial, environmental and nature cons
considerations, discharge through the northern side channel branching from the existing warm water chat
chosen.

By implementitite northern side channel and a new warm water discharge structure (e.g. recovery power plant
area encircled by the existing cold water channel and the existing warm water channel, it is possible to imy
mixing of the warm water dischatgetde Danube, along with minimizing the affected size of Natura 2000 areas.

5.3.1.3 Discharge of heated cooling water in summer

I n summer , when the water temperature of t he Dant
apply an additidrsmlution in order to observe the3T° temperature limit value specified for the Danube section
500 meters downstream of the warm water discharge point, especially in view of the increase in the water tem
of the Danube over time, as a result of climate change.

In order to meet envinental regulations, the following possibilitesalyses
x  Limiting the electrical output of the unit
x  Mixing in cold cooling water
x Using supplemental cooling.

The analyses assumed a 3
point and the section 50
the discharge point.

AC temper at umewater dischargé b a s
0 meter downstream theref

5.3.1.3.1 Limiting the electrical output of the unit

If this solution is used, then maintaining the maxiniterappensture of the warmed cooling water is achieved by
limiting the electrical output of the nuclear unit. By reducing electrical output, the amount of heat to be remove
condenser, and thereforre the case of an unchanged cooling watéiowiai®e rate of warming of the cooling
water is reduced.

5.3.1.3.2 Mixing in cold cooling water

In the case of this cooling alternative, maintaining the maximum allowed temperature of the warmed cooling
achieved by mixing the excess Danube water that bypasses the turbine condensers from the cold water chann
warm water channel. €keess cooling water required for mixing in cold water is supplied by the additional p
located in the water inlet plant, which can be replaced by the pumps in the existing water inlet plant after
currently operation are shut down. The watdinggarmed up in the condenser and the necessary amount of col
water mixed in is returned into the Danube via the existing warm water channel and an adequately sized stru
improves mixing at the discharge point.

5.3.1.3.3 Using supplemental cooling

Whe supplemental cooling is applied, the maximum allowed temperature of the warmed cooling water is main
the fulflow cooling of the warmed cooling water that leaves the turbine condensers in a cellular cooling tov
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induced draught. The velpassed through the supplemental cooler can be optimized. The cooling water that
passed through the condenser and cooled down in the supplemental cooling water is returned to the Danube tt
existing warm water channel and an appropri@te thatdinproves mixing.

5.3.1.3.4 Evaluation

Each of the studied supplemental solutions are suitable for maintaining the temperature of the warmed cool
bel ow 33 AC, as required for discharge into the D

The minimum allowed partial load of thetaratéirpit on reducing the output of Paks Il units, while cold water mixin
may be limited by the available yield of the Danube and the total amount of cooling water extraction for Paks ar
and the expandability of jointly used structuresr@airagt may be limited by noise. However, under our basic
assumptions, technical limitation factors do not render any of the alternatives unfeasible.

The analyses show that the technical, financial and environmental considerations brinpdoefitsdrddtetent

of the outlined three solutions, but according to current knowledge, temporary limiting of the electrical output o
is an optimal solution, both on the basis of the results of life cost calculations, and in terngrmotertiorpnmenta
as it does not entail either additional environmental emission or encroachment on additional areas.

5.3.2 COOLING TOWER TECHDGY

If a wet cooling tower cooling system installed near the existing cold water channel of the powlee pkant is used fc
units, their heat is predominantly discharged into the air. The water taken from the Danube and treated by ch
only needed to replace the water lost by evaporation, entrainment and elutriation. In the case of a wet cool
system, thcooling water passed through the surface condenser of the steam turbine is returned to the coolin
then with the help of the water distributing sprinkler system, it is evenly dispersed on the fill media.dThe water fi
on the fill media down again, as a result of evaporation into the countercurrent ambient air. In order to drams
reduce entrainment in the course of passing through the wet fill formation, all modern wet cooling systems have
and apply an entrainmentragpaabove the nozzles. From the fill media the cooled water is returned to the coc
water pool, from where the circulating pumps carry it back to the condensers. Evaporation increases the salt |
the cooling water. For this reason, in @ndmd texcessive concentration, a part of the cooling water is elutriated ar
replaced by treated fresh water. Water lost by entrainment must also be replaced. In order to avoid the deposit
on wetted surfaces, the cooling water used imthsysein is treated by chemicals, and to prevent the growth of
algae and the settlement of mussels, biocides are added to the water.

5.3.2.1 Analysis of tower cooling alternatives

Separate surveys were carried out for the analyses of the cooling topkratyi¢iovithaghe new nuclear power
plant units planned to be installed on the Pald,qH6][957]. The various alternatives avakysedh detall
according to the considerations of technical, financial, environmental and sociah dHveepbabdéayof the
assessments the following technical alternatinealys®é detail within the category of tower cooling systems:

Natural draught wet cooling tower ( approidBh

Natural draught wet cooling tower limited to 100 m height,
Natural draught wet tower cooling, with additional fan cooling,
Hybrid (dry/wet) tower cooling.

The most important technical characteristiegnalydesgilternatives are summed Uplie5.3.21 for 2 x 1200
MW, capacity.
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. . . Natural Natural draught | Natural draught wit  Hybrid (dry wet

for units of 2 x 1200 MW electrical capacity draught with limited he%ght an addition%l fan t):)wer(co)éling)
Number of coolitogvers 2x1 2x5 2x1 2x1
Cooling tower height [m] 186 100 70 60
Base diameter of the cooling tower [m] 136.5 88 150 160
Cooling tower throat diameter [m] 775 60 95 74
Net area occupied by the cooling towers (for t 30,000 61,000 36,000 40,000
units) [A)
Accelerated cooling water volume flowhaterm| 2x136,820| 2 x5x 27,364 2x 136,820 2x 136,820
Additional cooling watéftjm about2 x about2 x 2,900 about2 x 2,900 about2 x 2,600

2,900

Tableb.3.21: Specifications of wet tower cooling systems
5.3.2.1.1 Waste heat emission

Based on the literature, cooling tower waste heat and moisture emission are likely to have mainly local impac
atmosphere, under certain weathérarenthe probability of certain weather phenomena (relative humidity increa:
reduced visibility, fog, drizzle, icindrdsdamay increase, cloud, rain and snow formation may be affected, the pla
of shower formation and the time of rainfdiange: ©ver the longer term, they might slightly affect the micro
climate of the emitter. Cooling towers have no currently known global impact.

The protective forest planted in the vicinity of the industrial area and a green surface of adiigitngichiological
offset part of the heat island impact. In addition to climate related considerations, these solutions are recor
because they are suitable for the reduction of other environmental exposures (air contamination, noise) and t
partal concealment of the facility. In winter situations prevekitiveoadtitreatment and the operative use of
warning weather forecasts may reduce the damages caused by increased icing.

Tower cooling systems may emit waste waters as a resuinabtiseatatriation of cooling tower pools, and waste
water release by the replacement cooling water preparatory technologies. The emitted waste waters contain tf
the chemicals required for the treatment of the cooling water circulatngaolthg system and the chemicals

and regenerates used for the development of replacement cooling water.

5.3.2.1.2 Main sources of noise and their characteristics

Noise of water falling from the evaporator fills

A characteristic noise source of wet coolinig tinesglash of water falling from the evaporator fills to the pool of the
cooling tower. The resulting noise level may-82aiB(APat a distance of 1 m from the cooling tower, and thus
noise reduction is required to meet noise protectiomstdgudatier to reduce noise levelsiB{ABE the erection

of a screen is sufficient.

Noise emission by fans

In the case of solutions with induced draught, in addition to the noise generated by falling water, fans and th
engines may also @age cooling tower noise emissions, depending on the cooling tower design. In order to redu
acoustic pressure of these type of cooling towers below 85 dB(A), noise mufflers must be built into the air suct
fans, and to also abate the eoisssion of falling water. As a drawback, the aerodynamic resistance of these muf
increases the power demand of the fans.

Noise emission by pumps
The noise emission of the pumps used in cooling systems stays at around the industryadlyatatged.aotypic
exceed 85 dB(A), and consequently no noise abatement is required.

5.3.2.1.3 Landscape protection analysis of the studied cooling solutions

The landscape protection considerations and the compatibility of the considered cooling sotigaapewith the |;
wereanalyseth the first half of 2012, for the then worst case, which was 2 x 1600 MW. The findings of the analy
also valid for the currently studied 2 x 1200 MW units, with the difference being that 2x7 natural draught we
towersvould be needed for 2 x 1600 MW, while only 2 x 5 such towers are required for 2 x 1200 MW.
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Natural draught wet tower cooling

In respect of impacts on and compatibility with the landscape, two 186 m high natural draught wet cooling tow
be highly unfavourable in terms of their impacts on the landscape, but the same can be said of the natural dr:
tower cooling sidun with up to 100 m high towers.

Fitting natural draught wet cooling towers into the landscape is practically impossible, as they have the most
visual impact, and examples for structure of such a number and size are not found aryyarredseodHungar

Natural draught wet tower cooling, with a cooling tower of 100 m high

Figures.3.21: Natural draught wet cooling tower, up to 100vmihighu a |  degesvievg and sfdéw) r d 6 s

The two natural draught wet cooling towers with additional fans and twetteooligbridwers with additional
fans can both be merged to the landscape, they do not show any significant difference. The slightly lower hybt
tower is more favourable because of the lower visibvitipoattbed, but it has a largetgrint.

Natural draught wet tower cooling, with additional fan cooling

Figures.3.22: Natural draught wet cooling tower, with additional fiam ¢oglinga |  degesvievgand sfdiéw) r d 6 s
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Hybrid (dry/wet) tower cooling

Figures.3.23: Hybrid cooling tower with additional fars u a | degesvievg and s{dé view)d 6 s

5.3.3 COSTBENEFIT ANALYSISTHE ALTERNATIVE COMSYSTEMS

The choice between the fresh water cooling and tower cooling options described in the foregoing chapters ne
supported by a cbsnefit analysis aimed at providing evidence that the best environmental solution is also
effective. Thaiose of the cdmnefit analysis is to determine the social and economic benefits and costs invol
Benefits and costs carabalysednd interpreted by using methods of economic analysis, and based on the rest
the optimal solutiowhich also includes the objéatiae be chosen.

Within the context of the fresh water cooling option, the optimal solution for the disobhingevedterasimould

be chosen based on the results of-lzenesit analysis as the various alternative solutions offer the same level
social benefits. Based on the outcome oftlemefiisanalysis the solution suitable for achieving djsptigiic o

at the lowest cost possible can be chosen.

5.3.3.1 Costbenefit analysis of fresh water and tower cooling technologies

Fresh water cooling operates on the principle of removing heat by circulating water, withdrawn from the Danub
a condenser, ihin the case of tower cooling the water warmed up in the condenser is recirculated through the
tower and spread evenly on wet fill media by spray nozzles. The water film formed as a result of the above pro
cooled by the counterfloawddfient air circulated through the fill media.

The project cost and operating costs of the two alternatives can be readily estimated, but the social/econc
environmental effects are difficult to assess and the benefits are hard to quesdaspnFdretrexigineering
solutions that have been chosen for both options offer more or less the same level of risks and ensure compli
the relevant environmental regulations. The two alternatives have different environmental impaaigdut may be
as having the same level of social impact. Consequently, with the level of risk being similar and compliance
relevant regulations ensured, the-tmsesolution can be chosen.
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The following table shows a comparative analysistofsaiefreooling system:

Benefits / useful factors Drawbacks / costly factors
Strengths: Weaknesses:
- The lifecycle costs of fresh water cooling alternatives arg -  An additional solution or intervention is required du
those of tower cooling systems (depending on the chara exceeding (for a few hundred hours per year) the n
g thevarious alternatives and the discount rate). allowable temperature limit applicable to the warmé
E - No or very little chemical use is required. water.
“ | -  The water resource fees, the amount of which is comparl -  Water resource fees must be paid, of a magnitude
5 cost of chemicals required by the cooling towers, go to tf canparable to the project costs of the various fresh
E government budget. cooling options.
£ | - Dueto daily fluctoas in ambient temperature the periodiq - 50 percent of the water resource fee has to be paid
variation in electric power generation during the day is mm annual basis as early as during the construction ph

- Higher cycle efficiency and electricity yield.

- Readily available operational experience due to the simi
technology to that of the egistiits.

Opportunities: Threats:

- Due to the slow fluctuatiorseasional nature of the water | -  Legislative changes might result in changes to the
temperature of the Danube, planned maintenance can b allowable temperature limit applicable to warmed c
scheduled in the expected periods of output power limitg waterpecessitating additional investment at a later

- The slow fluctuation of the water temperature of the Dan -  Changes in the water resource fee might result in g

g a longer term planning of output lpoitetion than in the cas substantial increase in the costs of operation.
’g the cooling tower options. - Any unforeseen changes in the deepening of the D
“ | - The public acceptance of this option is expected to be hi riverbed might have an impact on the operation.
g that of the cooling tower alternatives as it is more compg
o the landscape character andpoucloud appears.
o | - Fresh wat cooling technology prevents icing that occurs
time due teapougeneration and might damage the built
environment and poses risks to the environment in gene

- As compared to cooling towers, its sizing to the same le
earthquake resista involves much lower costs.

- Inthe case of fresh water cooling, the contribution of do
suppliers can be higher.

Tableb.3.31: A comparative analysis of the fresh water cooling technology
5.3.3.2 Costbenefit analysis of the discharge of heated cooling water in summer

Within the context of fresh water coolitighaldsblutions need to be in place in order to ensure that a temperature
30AC can be maintained in the 500 meter downstrea
water. The three alternatives serve the same purpose emsun@ycompliance with the statutory limits pertaining to
the temperature of the discharged water mixing with the Danube river water, as this represents the entire envi
impact on the Danube. Based on tmed@ilingf the mixing, a compagaivalysis of solutions for a discharge
temperature of 33AC has been performed. As such,
achieve the desired outcome. The assessed solutions included the limitation of the thetpuritpower of
addition of cold cooling water, and the use of supplemeinttdesmbing the scenarios that have been compared

to each other. We compared the limitation of the output power of the units first, then the addition of cold cooli
and finally the use of supplemental cooling, to the other two alternative solutions.

File nam&AKSII_KHT_1_8_EN 116217



MVM Paki. Zrt Environmental Impact Stuc
Implementation of New Nuclear Power Plant Units at the Paks Site Possible Condenser Cooling Methods of New Nuclear

5.3.3.2.1 Fresh water cooling accompanied by limiting the electrical output of the units

I n the case of the alternative cooling scenario 6
with the maximum temperature limit permitted at the point of discharge is maintained through the limitation of 1
power ohe power plant units.

Benefits / useful factors Drawbacks / costly factors
Strengths: Weaknesses:
- Of the alternative cooling solutions assessed, this has| -  The periods of high electricity demand (air conditioni
0 project cost. output restriction (high Danube water temperatures)
g - No additional space requirement. coincide.
& | - Nochemical is required. - Of all the solutions to be usediiticadto fresh water cod
€ | - Noadditional noise load. it is in this scenario that the power plant output depe
g - No additional water withdrawal from the Danube. most on weather conditions (namely, the water temp
< the Danube).
- - Of all the solutions to be used in addition to fresh waj
the level of loseetric power is the highest in this scen
- The discharge temperature cannot be substantially r
this solution is used exclusively.
Opportunities: Threats:
» | - No additional type of environmental impact (the level o -  The average amount of electric power lost per unit d
8 landscapeompatibility, as well as noise and heat load i output limitation during critical periods is 150 te. 500 |
E to that of the existing scenario, with the additional effeq
= new units).
g - Lowest impact on the built environment.
% | -  Due to the slow fluctuation and seasonal nature of the
w temperature of thanube, planned maintenance can lar
scheduled to coincide with the expected periods of out|
limitation.

Tables.3.32: Fresh water cooling with output power limitation

5.3.3.2.2 Fresh water cooling with added cold cooling water

I n the case of the 6Fresh water cooling with add
allowable temperature limit of the warmed cooling water is maintained through the mixing of additional arr
Danube water bypassingutiene condensers into the warm water channel.
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Benefits / useful factors

Drawbacks / costly factors

Strengths: Weaknesses:
g - Has substantially lower space requirements than the o] -  Requires the withdrawal of more water from the Dan
g alternatives of additional cooling. the other fresh water cooling variants.
E - Of all the solutions taibed in addition to fresh water coq -  The additional water intake is subject to a permit fron
5} this scenario is the power plant output the least depen authorities.
% \geathber conditions (namely, the water temperature of { . _pjigher water resource fee.
£ anube). . .
)_ o ) - The discharge tempar@ cannot be substantially redug
- No chemical dosing is required. this solution is used exclusively.
- Low additional noise load in the operatingrerqmwkr pla
Tg dOpportunities: Threats:
=
F;: E - There is no new kind of environmental impact (the lanq -  -If only this additional solution is used, the combined
W similar to the previous one, noise and heat load are ing intake of the existing and newly implemented units ¢
the additioneffect of the new units). approximate 308nms of t he Danube
Tables.3.33: Analysis of the 6Fresh water cooling

5.3.3.2.3 Fresh water cooling with supplemental cooling

wi t |

When supplemental cooling is applied, the maximum allowed temperature of thewedemischtaioliaiged by
the cooling of the warmed cooling water that leaves the turbine condensers in a cellular cooling tower with
draught.

Analysis of fresh water cooling by supplemental cooling

Benefits / useful factors Drawbacks / costfactors
g Strengths: Weaknesses:
’g - No additional water withdrawal from the Danube. - Of the fresh water cooling variants assessed, this invo
“ | - Its operation is independent of the water level of the highest project cost.
S - Unlike thether fresh water cooling variants assessed, t
E solution requires periodic chemical dosing (biocides).
£ - Substantial periodic noise load in the operating area of
plant.
Opportunities: Threats:
Tg ¢ -  This solution is flexibly adap@hpendable) if stricter - Of the fresh water coolamipnts assessed, this one can
o % discharge limits are introduced. the most substantial impact on the built environment.
5 & - Due to its modular design it is adaptable to the effect -  Visiblevapouemissions are likely to occur but only to a
climate change, to any extent desired. extent as supplemental cooling is required during the
- Unlike in the case of cooling tower variants, no icing periods.
Tables.3.3: Analysis of the 6Fresh water coolii

ng wi

Based on the results of the above analyses, the alternative solution offering the lowest lifecycle cost, highe
benefits and lest environmental impact is currently the output power limitation of the units, and thus it is this s
that will be applied during the implementation; however, it does not exclude the use of additional solutions
stage.

In the course of the operation of the power plant unitsetieditcastlysis may be updated depending on changes
in the price of electricity, in the maximum water temperature of the Danube and in the project costs, and |
favourable suppleméstdution may then be chosen based on the updated analysis.
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5.3.4 BEVALUATION

Based on the analyses performed, it can be concluded that both the wet tower cooling system and the fre
cooling system are feasible; compliance with the current ehvegulaigonas can be ensured through the
application of adequate engineering solutions; the risks posed by the various alternative solutions are manage
the various alternative solutions can be ranked in terms of their cost effectiveness.

From arngineering perspective, with the application of the fresh water cooling system the planned new pow
units would offer a higher level of efficiency and electricity yield than with the tower cooling variant. Also, ¢
similarities to the awrgptunits, the fresh water cooling system has the additional advantage of readily avalil
operational experience.

The icing caused by the watssuemitted by cooling towers in winter might damage the built environment and po:
risks to the enviramhin general.

As far as construction is concerned, the fresh water cooling system basically consists of types of structures
already been built in Hungary, i.e. building and construction experience has been gained, while a wet towe
sysem applying natural draught technology has not yet been constructed on such a scale in Hungary.

From an environmental perspective, the fresh water cooling systeinaeyaitebtiichemical use, while the
tower cooling system involves substantial chemical use for the processing of replacement cooling water
chemical conditioninthefcooling water circulated in the cooling system.

From the point of view of the impact on the natural environment, the cooling towers comprising the tower coolil
are less compatible with the landscape character due to the higher napdeoif tower height is limited. The
noise load, as well as the project cost and operating cost of cooling teassistedthiranght inducers are
significantly higher.

From an economic perspective, it can be concluded that the total dfelogdiensascooling system is higher than
that of fresh water cooling.

As a result of the analyses performed, the technologysichitesdy to that of the four existing isttse fresh
water cooling syst¢sv]
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6 CHARACTERISTICS ANEESIFICATIONS OF TKSI| NUCLEARPOWERPLANT
PLANNEDO BE BUILT AT THEKS SITE

6.1 DEVELOPMENT OF TRESSIAN/VERUNITS

The Russi an manuf atgeneratierrudittmodelisrvi¥ERn t | y avail abl e ||

The unitdéos thermal capacity is 3200 tWcapagityoh30@& gr
MW.

VVERL200 is an improved version of theM@BRnit with a longer designed operating life (60 years), with a highe
builtin capacity and higher thermal efficiency.

The unit is available in several versions, the differegcehashatying in the different philosophy of safety systems
designed by different chief designers2D0IRSt Petersburg design, B3 Moscow design).

4600 MW 1200 MW

V-491

Prototipus: V-428 V-466 Leningrad r.ad IL. ’
Novovoronezh . Kina(2007) (Tervezett indulas:

Finnorszagi -

ajanlat (2003) 200

MIR-1200
‘ (Szentpétervan tervezes)

(Moszkvai tervezes)

V-392M
Novovoronezh Il.
Torokorszag

(1981) Vietnam

AES-91/99

V-392
Bulgaria
(Projekt leallt -2012)
V-412
India
Bangladesh

DRrctopy/pe s

K 2 i \&428 Chiad(2007)

Fi nnor s 7 %466 Prapgs@ fiomdrinland (2003) 3 )

Leningrad | Ii V49T leeningmad lleRlanned stad: 201%) s : 2015)

Bul g 8§ r-R2042) {-392 Bujgaia (Projécewdd stapp@atl)

0 ( Szent p®IIRE200DEsYn of IamtrPetersb @y )

AES2 6 ( Mo s zilKAESH2006 {Design af [ZlaBcoWY)
M Novovor o vV-892 kl Ndvovorohézin If Tkirkely s z § g

NONNREFE O ®~

Figures.11 Development of the RusgMiBR uni{§-1]

The VVER200 unit is better in terms both of its economy (unit capacity, efficiency) and avadatidity (92% ulti
factor, 60 years operating life).

Besides safety changes, the main circulating pumps have been improvedatihgpaghubliroation), a new fuel

has been introduced that burheeaator poisons, and the reliability of steam generators has been upped. The ne
constructed units use integrated, digital control technology. The steam turbine has (@O0 pevphuticthe

use of low speed (1500 rpm) machines is also being planned.

Through consistent application of the internationally accepted safety nhorms and EUR recommet@idions the V'
unit has practically been elevated to the level of AHERRBO@actors. This is proved by the fact thARUWER
has been certified and approved by EUR.

7Reactor poisons abswhtrons (and thus reduce the multiplicator effect) without contributing to the chain reaction.
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Figures.12 Russian units undenstructidié-1]

Site Reactor type MW Status Start of operation
NovovoronezHlll VVERL200/\892M 1200 Under construction 6/08 2014
Rostov 3 VVERLO00/NB20 1100 Under construction 1983, restarted 2014
Leningrad-1l VVERL200/M191 1200 Under construction 10/08 2016
Novovoronezk2l| VVERL200/\892M 1200 Under construction 7/09 2015
Leningrad-2 VVERL200/W491 1200 Under construction 4/10 2018
Baltic 1 (Kaliningra] ~ VVER1200Ma91 | 1194 | Ynder Cons”ucgc/’{‘f/ 12, suspended 2017 (delay)

Tables.21 Russian units under constructitjn [6
In the Russian Federation two-WYRERunits are being built at the Leningrad Nuclear Power Plant (Sosnovij Bor) ¢
another two at the Novovoronezh Nuclear Power Plant arnidcate stgueoperation in 2018 or 2019.

The Russian Federation plans to expand its nuclear generation capacity significA2y wyie UWMER 17
units are scheduled to come online by 2020, with a total new capacity of 20,000 MWe.

Site Reactotype MW Status Start of operation
Leningrad-8 VVERL200/M191 1200 Scheduled: 2015 2021
Leningrad-4l VVERL200/W191 1200 Scheduled: 2016 2022
Kursk 1L VVERL200/%610 1300 Scheduled: 2015 12/2020
Kursk {2 VVERL200/\610 1300 Scheduled: 2016 12/2021
Smolensk-1l VVERL200/%510 1200 Scheduled: 2016 2022
Smolensk-A VVERL200/%510 1200 Scheduled: 2017 2023

Tables.22: Currently designed proje&f [6
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