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Applicantds dat a

Applicant ds name: MVM  Pakis | At omer RmT FejlesztR
R®szv®nyt 88§rsass§g (Nucl ear Pow
Company Limited by Shares)

Official abbreviation ofithep | i ¢ a n t 6MVMrPakévat.

Applicantds regi st er7@3dPakseG@Gagarin-G. 302/B
Applicantds company 1718091282t r ati on number :
Applicantds tax r egqgi240860517 on number :
Applicant ds stati st 240860542221 t4¢7:
Applicantds manager :S8ndoiCEQagy

Contact details of (tLEe zADp jp HiadsEkiBsdrtmentc for rLiceasing and Bluclean n
Safety

Contact details of t+B6&gB08BMP| i cantds contact person

DATA OFHE PLANNED ACTIVITY

Name of the planned nuclear power plant: Pakdl. Nuclear Power Plant
Abbreviated name of the planned nuclear power plddakdl.

Planned activity: implementation and operation of ‘t@enkration pressurized water reactor
nucéar power plant units

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

Gross electrical output of the planned nuclear poweanalamtum 1200/A¢& per unit

Gross thermal output of the planned nuclear powermkitnon 32004\ per unit

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

Planned start of the commercial operation of the ne202BiBakd| Nuclear Power Plant, unit 1
2030 Pakdl Nuclear Power Plant,2uni

Planned life of the new units: at least 60 years

DETAILS OF THE PLANESTALLATION SITE

Parcel number of the planned installation sitBaks 8803/15

Owner of the planned installation area: MVM Paksi Atomer RmT Zrt. (MVM
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DETAILS OF THE EXPERIDESIGNERSVHO PREPARED THEVIRONMENTAUPACT
ASSESSMEN3TUDY

The environmental impact assessment study of the planned nuclear power plant units was compiled by MVM E

Name of the designer: MVM ERBE ENERGEMK®&r n° ki roda Z8rtk°r Ten M
(MVM ERBE ENERGETIKA Engineering Company Limited by Shares)

of ficial abbrevi a MYMERBEOZAIt. t he Desi g
Address of the dedllgieBbGdapegtitstBu
D e s i gompanybregistration number01-10045821

Head of the designer: Far k a s ChizbExegutive Officer

The technical conditions of the environmental impact assessment study and licensing for
planned nuclear power plant units are provided byadhedbascal parameters elaborated on

the basis of the maximum environmental emission values causing maximum environmental |
which are based on the preliminary data reported by the supplier of the units, the published
of nuclear power plants alyebding built, and the reference data of similar units that have
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 witt
maximum spatial requiremeltie basic specifications were prepared by MVM ERBE Zrt.

(ERBE).

The environmental impact assessment of a nuclear power plant is a highly complex t
comprising a large number of specializations, the implementation oduwbschbroad
professional emperation.

To this end, ERBE used the servicpeotdssionally recognizedrtified subcontractors with
appropriate referenckes the purpose of assessing the basic condition of the Paks site anc
then for elaborating tlavironmental impact assessment programme and compiling the
environmental impact assessment study.

The system of professional organizatiesysecating in each specialization was as follows.
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ABBREVIATIONS
Abbreviated Complete name
name

CNTSz O]Cll ami N®peg®szs®ge¢gyi ®s Tisztiorvosi Szol g§
Officer Service, Ciilefdical Officer)

CVIT Comprehensive Emergency Management and Emergency Response Plan

DBC Design Basis Condition

DdKTF D@&llung8nt Yl i Kernyezet v ®del miTransdaeubian@&sviroanentsd and Nato
Conservation Supervisarghority)

DdAKTVF D@&llung8nt Yl i Kernyezetv®del mi, T eframadasubiantEnvikodneehtah
Nature Conservation and Water Management Supervisory Authority)

DDNPI DunaDr §va Nemzet i P adbrava\btigralParlabirecorgtg) ( Danube

DEC Design Extension Conditions

PCD Preliminary consultation documentation

UN United Nations

ERBE MVM ERBE ENERGETI KA M®rn°kiroda Z§rtk°orTen M]
Engineering Company Limited by SWsidsERBE Zrt.

EUR European Utility Requirements

Euratom European Atomic Energy Community

E¢ M Ministry of Health

rkm river kilometer, rkm

MCP Main circulating pump

GCR GasCooled, Graphl#oderated Reactor

GM Ministry of the Economy

ICRP International Commission on Radiological Protection

IM Ministry of Industry

INES International Nuclear Event Scale

IRG Inert radioactive gas

IRM Ministry of Justice and Law Enforcement

KHEM Minister of Transport, Telecommunication and Energy

EIAA EIAS Environmental Impact Assessment AnBlygionmental Impact Assessment Study

KHVM Ministry of Transport, Telecommunications and Water Management

SFIS Spent Fuel Interim Storage

K° M Ministry for Environmental Protection

KPM Ministry of Transpart Post

KSH NKI Central Statistical Office Population Research Institute

KvwM Ministry of Environment Protection and Water Management

MWL Minimum water level

LOCA LOss of Coolant Accident

LWGR LightWateiCooled, Graphitoderated Reactor

MAVIR Magyar Villamosenefgpar i Ctviteli Rendszerir8ny2t-.- Z§rt
Transmission System Manager Private Company Limited by Shares)

MBFH Magyar BS8nyS8szati ®s F°l dtamiogyHi vatal (Hungari

MEKH Magyar Energetaiblgdiyo@EsK° Hdnvatal (Hungarian O

MIR Modernized International Reactor

MKEH Magyar Kereskedel mi Enged®l yez®si Hi vat al ( Hy

MKM Ministrpf Culture and Education

MVM Zrt. MVM Magyar Villamos MTvek Z8rtkorTen MTk°dR |
Limited by Shares)

MVM Paks Il. Zrf MVM Pakls | At omer RmT Fejl esztR Z§r t éwerPlare Devalbping PriviRe
Company Limited by Shares)

IAEA International Atomic Energy Agency

NBEIT Comprehensive Emergency Management and Emergency Response Plan

NSR Nuclear Safety Regulations

OAH NBI Orsz8§gos AtomenBrgtanbByathabakght e§Bgs( Hungar
Directorate)

P Parliament

OMSz Orsz8§gos Meteorol -giai Szolg8lat (Hungarian |

Paks Nuclear | MVM Paksi Atomer RmT Z§r tMVM TPeark sMT kAt doRmeR &Rselv @&f

Power Plant Plant Private Company Limited by Shares)

Paks Il Paks Il Nuclear power plafdnned new nuclear power plant units at the Paks Site

PHWR Pressurized HeaWatetModerated and Cooled Reactor

PSA Probabilistic Safety Assessment
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Abbreviated Complete name
name
PWR Pressurized LighateiModerated and Cooled Reactor
TRU transuranium element (with an atomic number higher than 92, i.e. that of uranium)
FSR Final Safety Report
HPS Hungarian Power System
VVER 11 ¢t - bewadgi2tcc j Isd i farkidatgr Bo@dr Remdtoy
WANO World Association of Nuclear Operators
WENRA Western European Nuclear Regulators Association
ZMCS zone emergency cooling systems
16273
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1 BASIC INFORMATION RRGING THE PLANNHEBDBECT

The age of largewer plants in the Hungarian power system is approaching, or in certain cases has already exc
the end of their desigrcifdes. In order to manage part of the capacity shortage and in view of the planned life
existing nuclear power piaits, Hungary has started making preparations for building new nuclear power plant ur

The purpose of the project in the process of preparation is to implement ‘tgenaiedem, plessurized water
nuclear power plant units, each havingl\A2€&pacity and an expected life of no less than 60 years, next to the
Paks Nuclear Power Plant, for the generationmfrpabécelectricagcording to the time schedule determined

in the National Energy Strategfprting commercial operat@2d2® and 2030, respectively, in order to maintain the
sharé of about 40%w0f nuclear power in electricity generation over the long term.

The planned project consists of the following main elements:

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

1.1 ACTIVITIES IN PREPARZN FOR THE PLANNERDJECT

1.1.1 TELLERPROJECT

Pursuant to Article 7 (2) of Act CXVI of 1996 on Atomic Energy, Parliament's preliminary provisional consent i:
to start pregations for the building of any new nuclear facility. In Article 12. f. of its Decision No. 40/2008. (IV.
energy policy between 20082 O , Hungaryodos Parliament reqguested
support decision making aboutaWwenuclear power plant units. Following the laying down of the profession
environmental and social foundations, it should submit its proposals for the need, conditions, type and installa
power plant to Parliament in due time. OO

The Teller Hemt set up by MVM Zrt has prepared expert studies, analyzing the relevant technical, econ
commercial, legal and social considerations. The feasibility of various implementation options were exar
preliminary environmental assessment wasdp@marthe issues related to the disposal of spent fuels and
radioactive waste were scrutinized. The findings of these studies were summed up in three decision support dt
which state that the best choice is a modern pressurized water mleleamgoeleis not a prototype, has already
been licensed somewhere in the world, and has a useful life of at least 60 years, to be built at the Paks site.

Relying on the specialistsd anal yses, th&unchingohe nt
activities to support preparations for the building of new nuclear power plant units at the Paks site.
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1.1.2 L£ v RROJECT

For the purpose of performing the preparatory act

Project in June 2009. The following main activit
0 ordering the preparation of strategic analyses and inquiries to clarify financing options;
0 ordering the preparation of the first draft of aegglidocumentation;
0 examining the connectivity of the new units to the power grid;
0 assessing the various cooling water supply options;
o launching the compilation of a preliminary consultation documentation;
o launching inquiries required for the prepém@ati@mvironmental impact analysis;
0 preparing the compilation of an application for a site permit;
0 assessment of the staffing requirements;
0 surveying the range of potential domestic suppliers and regional businesses.

1.1.3 MVMPAKSII.AT OME R RBAITL E SZRT- RROJECTCOMPANY

In order to prepare for the building of the new nuclear power plant units, the MVM Gro@akdunded MVM
At omer RmT FejlesztR Z8§rtk?© rllZthon MiNe&k26, @R2. R®s zv ®nyt §r

The most important tasks of tiecpommpany comprise determining the frameworks of the future implementati
working out the financing details, and laying down the technical conditions (cooling options, environmental im|
an important element of the project, the site panpeitatimg licence under water law and the implementation permi
must be obtained. The project company is engaged in legal harmonization matters as well as the analysis o
economic and social impacts. A further especially important taskusetohatalzuilding the new nuclear power
pl ant units wil!/ boost Hungaryb6és economy as much

1.1.4 REGULATORY SUPPORT

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

On October 3, 2011, Parliament adopititmal Energy Strategyhich identifies the directions of development
and operation in the next decades up to 2050, and declaresdiato facilitate the achievement oftitgsniong
economic and environmental objéctheestate wishes to maintain the current approximately 40% share of nucle
power in Hungaryds power generation.

In order to ensure a balanced developmeméan power engineering in Hungary over the next thirty years, in its
Decree No. 1195/2012. (VI. 18.) the Government estalisivednthent Commission for Nuclear Energy
chaired by the Prime Minister, for the analysis of strategic questiotie retsteshtbdevelopment of nuclear
power in Hungary.

I n view of the strategic role played by nucl ear e
with regard to the provisions of the National Energy Strategy adopted, oy iFaflaorea No. 1196/2012. (VI.

18.), the Government declared the installation of new nuclear power plant units at the site of the Paks Nucle
Plantas a higkpriority project for the national econgnuizich is essential forstife supply olectrical energy
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1.1.5 SELECTION OF THE WNTD BE BUILT

HUNGARIANRUSSIAN INTERGOVERNWAL CONVENTION

On 14 January 2014, the Hungarian Government entered into an agreement with the Government of the
Federation on the renewal of the nuetgrratmn agreement, which was concluded by the two countries severe
decades earlier. 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 tteztoiifocevitich the Hungarian Government
will be granted an intergovernmental loan from Russia.

AcTlloF2014

During its February 6, 2014 sitting, Parliament approved the agreement concluded between the Aeb governme
Il of 2014n the promulgation of the treatyope@iion between the Government of Hungary and the Government ¢
the Russian Federation in the field of the peaceful use of nuclear energy.

Article I Subjectof the ceoperation

The Parties shallauerate in ¢hmaintenance of the output of the Paks Nuclear Power Plant, located in Hungary,
in its development, including the design, erection, commissioning and decommissioning of two new units with r
the VVER (water cooling, water moderator) typayvieacat least 1000 MWilbwépacity, as provided in this
Treaty below, in order to replace units 1 through 4, which will be shut down in the future.

1.2 (GENERAL DESCRIPTIGNLGCENSING THE NEMCLEAR POWER PLANITS

Several thousand permits anctticeswill need to be obtained for the complete licensing of the planned nucle:
power plant. The following list highlights only the most important permits and licences, and specifies the releve
authorities.

Radiation protectionNational Publi Heal t h and Medi cal Of ficer Servic

Dose limitation permit
Environmental protectioh SouthTransdanubian Environmental and Nature Conservation Supervisory Author
(DAKTF)

Environmental permit
Water right$F e ] ® r Digastar @antsol Directorate

Preliminary water rights licence

Water rights implementation permit
Operating licence under water rights
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Nuclear safety Hungarian Atomic Energy Authority

Site inspection and assessment permit

Site permit

Implementation pérm

Construction permit

Occupancy permit for buildings and building structures
Systertevel permits

0 Manufacturing permit
0 Procurement permit
0 Installation permit
0 Type permit
Commissioning licence
Operating licence

Power engineering
Power Plarit Hungaria®ffice of Power Engineering and Public Utility Regulation

Preliminary licence for power plants having a significant impact on the operation of the power gri
Implementation peryitthe Hungarian Office of Power Engineering and Public Utility Regulatic
(MEKH)
Electricity generation licence issued by MEKH.

Grid connectioftransmissionlin®ar anya County Government Office

and Technical Sgfet
Permit for preliminary works
Line permit
Operating licence
Technical supervisidnHungarian Trade Licensing Office

Building permits falling within the competence of the Hungarian Trade Licensing Office (MKEH)
The licences to be obtained from MKEhhthigngentation (e.g. for pressure vessels, district heating pipes,
hazardous waste stores)
Occupancy permits falling within the competence of MKEH
Architecturé Municipalities

Building permits falling within the competence of municipalities
Additional Eensing and other procedures

Physical security
Procedure as regulated in Article 37 of EURATOM
Procedure as per Article 41 of EURATOM
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1.3 CQURRENT STATE OF RONMENTALCENSING FOR THEANEUCLEAR POWER PLANITS

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 of the relevanipfiealahle
environmental licence 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 environmental impaxgsassnt and on the unified procedure of licensing the use of the environme
Section 31 of this Decree deals nuclear power plants without any size limitation.

Thus, as a precondition of establishing the two nuclear power plant unitsetéct@2@0oMiplut 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 conduetl 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 competerdagqmmgted to deal with matters related to the site of the Paks Nuclear Pow
Plant is the Sodfransdanubian Environmental and Nature Conservation Supervisory Authority (hereinafter: DdK

1.3.1 PRELIMINARY CONSULIDNTDOCUMENTATIONTEE POTENTISIUNIT TYPEBCD)

The environmental licensing procedure started on November 10, 2012 by submission of preliminary con
documentation No. 6F111121, e emeritatidn ef dNewfiNdlekt PohergPiara r
Unitsodo, and compiled by P¥YRY ERY TERV Energeti kai

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 nasliof 10 km and 30 km were studied in the PCD.

Download the PCD from the website GfARAZrt at:
http://www.mvmpaks2.hu/hu/DokumentumtatdldEpdd
http://www.mvmpaks2.hu/hu/DokumentumtafenazEpdd
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Figure2: Areas studied in the PCD (10 km, 3@ km)[1

In the aurse of the procedure conducted by th&r8@osttanubian Environmental, Nature Conservation and Water
Management Supervisory Authority, the following public administrative authorities made comments:

Public administration agency file number
Tolna Coun§overnment 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, Plant Bnot&ziibn Directorate 26.2/1272/2012
Baranya County Government Office, Forestry Directorate Il-G033/8061/1/2012
Baranya County Government Office, Construction Office, State Chief Architect II-D-15/1572/2012
P®cs District Mining Inspectorate PBK/3519/2012
District administrator of Pusztahie@cge® r k ° ny 629/2012
Di strict admini sN®meiGkrf®nof Dunaszentgy?®r g 62552012
Admi ni strator of B°l cske 19852/2012
District administrator of Zomba, Harc and Medina, repofeattivedina 8192/2012
City administrator of Kalocsa 83561/2012/H

Tablel: Public administration organizations that commented on the PCD:
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The following parties had not made any comment up to the publicatiOpidade: of the

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

District administrator of the communities Nagydorog, Bil
District admithorsm§sa,t okajodaKe | esd, Ki's

District administrator of FoktR and Dunaszentbenedek
District administrator of G®der|ak, Ordas and Usz-d
District administrator of Harta and Dunatet ®tl en
District administrator of Homokm®gy and ¥regcsertR
District admands®bjaebekof Szakm§r

District administrator of Miske and Dr 8gsz®l

District administrator of Si-ag8rd and F8c8nkert
District administrator of Bogyiszl-, Tengelic,ecB8zedres,
DunafEIl ByB88I | 8§8s

DdKTVF 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 Environmental, Nature Conservation a
Management Sargisory Authority, for reasons of having jurisdiction, and a declaration-Dom8he ®dundN at i o
Park Directorate. The affected organizations had not made any comment or given any declaration up to the p
of the Opinion.

Publicity

In the case of the procedure, the Energiaklub Climate Policy Institute and Applied Communications req
acknowledgement of its customer status, and on this basis it requested access to the PCD for inspection and f
an opinion. Based on the statuties cifub, DAKTVF approved its customer status, and provided the Club with acc
to the electronic version of the consultation application. Up to the publication of the Opinion, Energiaklub
expressed its opinion on the PCD.

During the procedureithrer DAKTVF nor the administrators of the affected communities received any comment
the public in relation to the preliminary consultation.

In view of all these, DAKTVF published its Opinion under fHa2K018588 December 21, 2012, sketing
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 consultationp2odNi6rstes
would preverthe emironmental licensing procaduedation 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 and 7 to Government Decree 314/2005. (XII.)
91 the pecialized parts of the environmental impact assessment study may be prepared by licensed experts
DdKTVF emphasized that the statements made in the Opinion reflect their position and the observations ma
public administrative organizations fieay dif

International procedure

A

The implementation of a nuclear power plant is subject to the provisions of Government DetBpdn8/1999. (.
the promulgation of the Espoo (Finland) Convention on Environmental Impact Assessment in a Triansboundar
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/EC, 2003/35/EC and 2009
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 Rural Development, which in
countries of the procedTline. contacted countries and their positions on the procedure are summed up in the follc
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 to participate sent comment
Germany Yes wished tgarticipate 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 no comment was se

Table2: Countries contacted in the course of the international procedure

A total opproximately 15 thousand letters were received from the other countries, which included questio
comments that may be classified into the following 10 topics:

Topics
Comments related to the energy strategy
Comments on serious accidentsalfdhctions
Questions regarding nuclear safety
Remarks related to nuclear damage liability
Presentation of the effects of the full fuel cycle on the environment
Comments on the management of radioactive waste
The aggregate impacts dfthepower plants, and the effects of the new
plant on the old one
Comments on the content of the environmental impact assessment st
9 | Economic considerations
10 | Other remarks, comments

N0 AW IN|F-

(0]

Table3: Questions askedtie course of the international procedure

The responses given in writing to the individual groups of questions are included in the chapter on international
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1.3.2 ENVIRONMENTAUPACTASSESSMENSTUDY(EIASYF THHIPAKSII NUCLEARPOWERPLANT

The pumpse of the environmental impact assessment analysis (EIAS) performed before erecting the Paks Il
Power Plant on the Paks site is to identify and evaluate the environmental impacts of the planned nuclear po
technology on the individuakaksnand systems of the environment depending on the condition and load capacit
the design area.

If based on the legislative background and the professional positions, the impact assessment conducted in th
of conditions does not identifynadynissible use or exposure for any environmental element or system, then
environmental consideration prevents 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 envirompaatassessment analysis, surveys and analyses have been made
from March 1, 2012 on the areas of the planned installation areas of the nuclear power plant units and on the
the preliminary estimates of the impact areas, in the followingrdepits assess the current state of the
environment and characterize and appraise the baseline condition on this basis.

.  Characterization of the site

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

lll.  Description of thgeological formation and the ground and underground aquatic environment
c) Description and characteristics of the geological formation
d) Description and characteristics of the subsurface aquatic environment
e) Hydrological characterization of the site
f) Conditionfahe Danube and other surface waters
g) 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
h) Exposuref the wildlife to radiation (with human exposure excluded)
i) Model biomonitoring surveys

VIIl.  Population health status
) Definition of the populationds exposure to 1
k) Health status of the population living in the surroundings of the site
The baseline meesments, tests and analyses providing the input data for the environmental impact assess

analyses were completed in 2012, thus the relevant closing date is 2012. The closing date of data colle
meteorological analyses differs from thes2@$at i

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 such extremely dry weather cond
biomonoring surveys were repeated in 2013. For this reason high water measurements on the Danube we
carried out in 2013.

In all cases when subsequent onsite surveys were made in 2013 or when analyses were prepared with later o
high water measorents on the Danube, analyses of the data from groundwater monitoring wells), the closing c
the affected data is shown for the specialist fields involved.
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Study areas

In the course of the baseline surveys conducted di2@1@2012area 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. Th
of the surveyconducted by the various specialist fields were conducted within this boundary. The Danube stud
fundamentally differ in various extent in the individual topics, and in certain cases the full length of the D:
Hungary was surveyed.

As the hygihetical impact is expected to occur within a cirdtenakaili®, 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 detailebiomonitoring surveys and flora mapping were also performed on the hypothetical direct impact at
within a circle of 3 km radius. Thgeansurvey of the baseline air pollution was conducted on the expected dire
impact area, adjusted to tegtim of the points to be protected. The noise and vibration measurements were :
performed on these areas. The field surveys aimed at determining the properties of the area, including t
characterizing geological formations and subsurfaceenatds® conducted on the planned installation areas and

their immediate vicinities.
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The following professional organizations contributed to the elaboration and execution of
survey and evaluation programs that provided the basis of the ealViropacdrassessment
analysis:
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1.3.2.2 Technicalconditions and installation site plan for the environmental impact assessment
analysis

Considering data from the already operating Paks Nuclear Power Plant, MVM ERBE Zrt. prepared and lai
framework of technical conditions and the installpl@on wikéch makes it possible to assess the environmental
impacts of Paks Il Nuclear Power Plant and fits the present stage of planning in the depth of its details, bas
data that the supplier of the units provided in advance, data aleédyopulplsker plants that are being
constructed as well as reference data from public databases, presentations and units that have been complet
using the figures of highest environmental emissions causing the biggest environmental impact.

On thdnstallation site plan the buildings and structures were arranged on the basis of technological conside
taking into account the technological units with the known maximum spatial requirement. The specifications fol
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were also given on lasis of data reported by the supplier and taking into consideration the structures of the ex
nuclear power plant.

In conformity with procedure presented in the PCD, fresh water cooling was analyzed in detail as the applicab
method. The ptd where water is taken from the Danube and where hot water is discharged into the Danube &
methods applied during these operations differ from those presented in the PCD.

In order to identify the appropriate foundation construction teclnumoggsiteelayers obtained by drilling
performed in recent years for environmental protection purposes provided the starting data for estimating the
foundation depths. Later on, all the buildings and structures located on the cohstavetittnbsteiménsioned

with a view to fire protection and earthquake resistance. For certain buildings other special sizing considerat
need to be taken into consideration, such as sizing to minimize the impact of aircraft crdsin,sipisg fmdadia
vibration protection and the creation of salvage facilities to protect the geological formation and subsurface wat

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

Based on the above, as the work proceeds, changes may be maaegemiret and in the sizes due to
functional, building physics, building structure, earthquake resistance and fire protection considerations and th
as yet unknown considerations of the supplier of the units.

The volume of the necessary supatiedetermined on the basis of the technical solutions, basic specifications a
the installation site plan prepared for the completion of the EIAA. The sources of the supplies are not yet |
specific organizational plan will be prepared wheantleatatiph is planned. The sources and volumes of the
supplies and the parameters of movements within the area will be specified in that stage of the planning proc
the course of preparing the EIAA, calculations were made for every ceneéhialiteerointle with a radius of 25

km specified by law.

The process and the circumstances for shutdown, decommissioning, and disrantting Pakslle r i ng t
expected life of at least 60 yazmsnot be defined at the moment.

1.3.2.3 Environmatal Impact Assessment Analysis (EIAAnvironmental Impact Assessment
Study (EIAS)

The sever al mont hsé | ong process of environme
on the basis of the framework of technical conditions and the instaplamowasidein March
2014.

Thus, among the versions taken into consideration in the Preliminary Consultation Documentation (PC
Environmental Impact Assessment Study (EIAS), which describes and sums up the results of the Paks Il envii
impachssessment, analyzed the assessability of significant environmental impacts of the Russian nuclear pov
technology selected for implementation, its main connections, cooling water intake, discharge of the heated
the Danube, and the umé that carries the electricity generated in the power plant, also taking into account
opinions 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 impact assessment study of Paks Il takes the latter approach: it examines the impact processes and
caused by the impact factors in the various stages of the project, and their territorial coverage, i.e. affected zc
individual enviroantal elements and systems.
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The content of the environmental impact assessment study is structured on the basis of the general descriptior
Annexes 6 and 7 of Government Decree 314/2005. (XII. 25.) on the procedural rules of perfatimmgaenvironmer
assessment analyses and issuing integrated permits for use of the environment.

Annex 60n the general requirements for the content the environmental impact assessment study
Annex 70n the general requirements for the content the ataliimpaet assessment study

Based on completion of the EIAA and its findings, the EIAS was compiled for those parameters that exert the
environmental impact on the individual environmental elements latakisysiatosconsideration the gasic
condition of the Paks site.

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,

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

x  presentation of the previously examined and considered versions

x  specificatioand calculation of the environmental impacts of the power plant technology on the indiv
elements and systems of the environment

x delimitation of the areas affected by the planned project

X presentation of crésder impacts.
Based on all these, thesRaKENvironmental Impact Assessment Study is divided into the following main chapters

Basic information regarding the planned project

Forecasts and strategies related to the planned project

A general guide to nuclear engineering

Descriptiorf the planned installation site

Possible methods of condenser cooling in the new nuclear power plant unit

Characteristics and basic specifications of the Paks Il Nuclear Power Plant
built on the Paks site

7 Network connection torthagarian power grid

8 Potential impact factors and impact matrices of Paks Il

9 Social and economic effects

10  Climate profile of Paks and its environs within a 30 km radius

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

12 Assessment of water quality in the Danube and other surface waters accort
Water Framework Directive

13  The geological formation and subsurface waters on the site and in its imme
14  Geological formation and subsurface wateBaimutheevalley downstream of Pa
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 siteimity of
radiation

21  Exposure of wildlife to radiation in the vicinity of the site
22  Summary impact matrices and aggregate impact areas

O Ul WN P

File ame PAKSII_KHT_Kozertheto_EN 30273



MVM Pald Zrt Environmental Impact Stuc
Implementatiof New Nuclear Power Plant Units at the Paks Site SimplifiedPublic Summary

Dunaféldvar |

“Simonjémya

Paksi Atomero’mﬁ

\

\, Kalocsa

Tolna

Szekszard

blue circle: estimated area of directly affected territories
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purple circle: area surveyed for general characterization

orange circle: area of «r2Fadius surveyed for the impacts of supplies

Figures: Various areas surveyed in the EIA [2], [3]

1.3.3 INFORMATION B MPAKSII

MVM Paks |1 AtomerRmT FejlesztR Zrt |l aunchédd a s
I nformation for Entrepreneurso with tshked amilange t o
companies about the project, safptiyements in the nuclear industry, the relevant special technical challenges,
recommended preparatory process, the necessary permits, licences and qualifications.

Briefings were held for the mayortsinfoonf thetpbpelationey i o r
interactive informational lorry is operated as a mobile visitor centre to familiarize the population of Hungary wi
energy, its significance, safe and envirsiendlyt consumption and the importance of itdurdgiiian energy
generation. During the preparatory stage of the project, informative materials were compiled for the population
details of the new project and about the tasks related to licensing and site research, and they were dissem
every household in the vicinity. We plan to prepare similar informative materials during the next sta
implementation.

The planned project was pr es en Foeuth on nmintdireng aucléar pdwer i r
plant capacty hel d at the Budapest University of Technol
were addressed at numerous other programmes and scientific forums.

We also regularly provide information on the ongoing work on internatioeabfftinenmosdnmportant such
events is the Austiidumgarian bilateral consultation forum of nuclear authorities, organized every year.
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2 FORECASTING ELECTRYGTONSUMPTIONHBNGARY

Forecasting loteym developments in the electric power systemrynidHongaf the important statutory tasks of
MAVIR Zrt. (MAVIR Hungarian Independent Transmission Operator Company Ltd), the system operator. Th
manager must assess the expected future electricity consumption, and must monitor chedeyad antrg\syste
balance, power plant capacity, the public electricity network and consumption.

2.1 FORECASTING ELECTRYGTONSUMPTIONHONGARY UP 1230

Since 2012 forecasts on consumer demand and the presentation of megitmcapadimglevelopnoénhe
Hungarian electric power system have been published in a separate study, based on the electricity consum
system load data of the past few years and on the economic growth predictions of various economic research
The shotermf or ecast for the peri od up tetnoforezdsts, 8vhile teelperieds o
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, included i 1AVARO 1 3 consumer demand for
scenarios, as illustrated in Mgure

40000
[GWh]
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40000
- ' : i
@ Tény
20000 == Alapvaltozat
= =Nagyobb igényndvekedeés
= =Kisebb igényndvekedés §
L
0 t -
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T ® it Kact

Al a p visBhselioezvarsion
Nagyobb i gi@astemrcreaseiredéneaad
Ki sebb i giRSowerhoeaske m de@and

Figuret Expected net electricity consumption up td P030[2

Thebaseline versiocompliant with the strategic objectives (marked by a green line in the figure) reckons wi
annual 1.5% average increase in the net electricity cofsutimgtperiod to follow 2014, and then after 2020 this
pace will decline slightly. In addition to the baseline version, as an fak&¥nalereaad increase version
(marked by a blue lilseglso given, with an annual demand growth rate detw&énbktween 2014 and 2020,
slowing to 1.4% by 203ferhand sloweahan the baseline vergioarked by a red liagpects demand to grow at

1% p.a. between 2014 and 2020, and a gradual decline to 0.8% p.a. by 2030.
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The net electric powensumption is expected (according to the baseline version) to be .adyoaitrd@y TW
increase to 44 Thy 2030.

The total electric power consumption (including consumption by the Hungarian power plants as well as system
reach 47.6 TW 202@&ndi according to the baseline vér&dry TWn 2030.

3 (GENERAL GUIDE TO NEASR ENGINEERING

3.1 NUCLEAR POWER GENHRATN THE WORLD

In 2012 the worl dos tot alp 0&246kTWWas genepatedvi®e muclgae power a t
plants,.€. 10.9% of the generated electric power came from nuclear power plants (source: IEA: Key World
Statistics 2014). Nuclear power plants typically have a more pronounced role in the electric power generatiol
of developed regions, suchuespg, Nortimerica and Japan.
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Figures Geographical location of the nuclear power plants of the world [4]
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Figures: Geographical location of nuclear power plants in Europe [5]

The majority (62.2%) oftthreently operating 434 nuclear power plant units work with pressurized water reactors.
overwhelming majority of power plants in the process of construction are also pressurized water reactors (82.6

3.2 (GENERAL INTRODUCTIRRO PRESSURIZED BRREACTR(PWRUNITS

3.2.1 POWER GENERATION PREXIN UNITS OPERIG WITHPWRREACTORS

The basis of nuclear energy generation is the regulatsdstathisejfchain reaction based on the fission of atomic
nuclei. An extremely large amount of energy is fedepsedertof a single gramr&bfeleased in a fission
process corresponds to the energy obtainable from burning about qtaiisyofdabhrhis released energy
constantly increased the temperature of fuel fills, and thus in order eprmandatfand sustainable energy
generation, this heat needs to be removed. Heat is removed by a coolant, which is, in the case of PWR reac
water (D). Removed heat energy is used for the generation of electric power.

Pressurized water reactors consist of two closed circuits: the primary and the secondary.

Theprimary circuitonsists of a pressurized watenyvétgt cooled and moderated nuclear reactor, the circulating
loops (main water circuit), the main ogcplatips, the heat transfer tubes of the steam generators and the
expansion tank. The reactor vessel is a cylindrical pressure tank with a hemispheric bottom and a dem
hemispheric top, which contains the reactor core. In addition to thesmestimgenerator, called reactor,
connects to numerous other auxiliary systems that have safety functions, improve power plant efficiency and
clean the water circuits. The main water circuit absorbs the heat released in the acBeetapneaafigheat

away and transfers it to the secondary circuit in the steam generators. The main function of the steam genel
use the heat transferred by the primary circuit and generate steam with the parameters suitableés: driving the
This equipment is a cylindrical, vertically or horizontally positioned vessel in an airtight space called con
structure, and contains heat exchanger pipes aindstehuiliseparator.

Thesecondary circuits fundamentally the feedwsaerpart of the steam generators, and consists of the main
steam system, the various high and low pressure parts of the turbine, the condenser and the feedwater sys
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function of the secondary circuit is to transform the steam power gerteatedendha&tasr into rotational motion

to drive the gener at dransformiethiato eatere(condénsed)hon wsing ab ultsnate leat

absorber, which may be sea water, river water or, in the case of tower cooling, air, depanés@fotnehe

particular site.
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Figurer: General schematic structure of a PWR reactor[6]

3.2.1.1 Fuel

The nuclear fuel is found in the active zone.

Natural uranium typically consists of two i88thpekich splits as a result of tre fow r g y

Veégso hites
Hulovnzkor {frissviz,
Tapviz elémelegité hiitotorony)

(or

(natwal uranium contains only 0%29%, and the isotofp8J, which splits as a result ofehigle r g y

neutrons (99.275% of natural uranium is of this kinddghllats®df chain reaction can be made in a reactor fuelled

purely b,

it her
(or

The RVR units fundamentally use enriched drasdahfuel (WQand the Paks Nuclear Power Plant currently uses

this type. This fuel is made by processing and then enriching raw uranium.
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3.2.2 CHARACTERISTIC FATIES OPWRTYPE UNITS

3.2.2.1 Facilities in the maluilding

NUCLEAR ISLAND

Containment structuré the interest of safe operation, the primary circuit systems typically (e.g. in the case c
EPR1600 and the VMEROO types) are placed in a dealiesd containment structure. The function of the
intenal containment structure is to retain the radioactive substances that escape in the course c
breakdowns considered during design, and to transfer the released heat.

The internal containment structure is surrounded by an external screeoingnswitdimgreased
protection against external impacts (e.g. a major earthquake, hit by aircraft, flood).

Safety system buildingfor the sake of multiple redundancy, there are several safety systems in nuclear pc
plants (e.g. malfunction zone canierthe appropriate operation of any single one of them is sufficient fc
handling malfunctions. In order to provide for an appropriate spatial separation, they are usually pl
separate buildings or building parts.

Auxiliary buildindnouses the ailiary systems of the primary circuit.

Nuclear maintenance facil#ybuilding used for the performance of maintenance related to the primary circuit,
for decontamination.

Waste management builditige liquid and solid radioactive waste generated during unit operation is treatec
this building.

Fuel buildingused for the management and storage of fresh and spent nuclear fuel

TURBINE ISLAND

Turbine buildingThe turbine building contains thedseganircuit equipment that transform the heat transferred
from the steam generator into mechanical and then electric power, condense the steam that leaves the
and return it to the steam generator.

Water treatment plarat:facility used for th@eyation of extra water in the quality and quantity appropriate and
required for the primary and secondary circuits.

Electric switchboard roora: building that houses electrical switchboards, control engineering equipment &
communication devices.

Transfomer areathis is the outdoor place of unit transformers and other power plant transformers.

3.2.2.2 Associated facilities

\%

Vv

<

Spent fuel interim storageuilding used for the interim storage of the spent fuel generated during the opere
of the nuclear poweanp(prior to any further processing or final placement without processing)

Diesel generatoBiesel generators ensure direct current charge in the case of a breakdown (in the intere
appropriate physical separation, they are placed in different buildings).

Healthcare faciligy:facility that contains the healthcare centre, the primasystaoesand the offices
required for work with the primary circuit.

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

Chemical deposit@yauilding for storing ¢hemicals required for operation.
Storage room for industrial gadestding that contains the gases required for operation.

Nuclear maintenance fadlibuilding used for the performance of maintenance related to the secondary circu
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V Fire serge facilities building within the boundaries of the power plant, serving as a branch office of the
service, and containing the fire water and fire fighting systems.

Electric substatiemsures transfer of the electric power produced by thegendgrato Hungar y6s n
Waste storage: serves as a store fi@dimarctive waste generated in the nuclear power plant.
Civil defence sheftentects the operating and hazard control staff during emergencies.

< < < <

Protected control pdimith reserviesprovides a working environment for emergency control in the event ¢
emergencies, and protects the troubleshooting and cleanup staff.

<

Environmental monitoring sysitechgie the system of environmental sampling and measurements.

<

Infrastructuracces roads and railway rails to the power plant, drinking water and sewage systems, etc.
V Physical defence systems: reception desks, access systems, fences etc.

4 NUCLEAR SAFETY

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

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 thicatasemal operation.
II.  When the chain reaction is stopped, the stable and safe cooling of fuel cells must be ensured.
lll.  Quantities of radioactive pollutants over the limit must be prevented from escaping into the environment
The safety of a nuclear polaet 8 ensured by applying the principle of defence in depth, with an emphasis on
prevention of emergencies.

The basic principles for and the five levels of sudtvel protection were developed by the International Atomic
Energy Agency. Nadibnuclear safety authorities strive to apply these principles in their own regulations tc
maximum possible extent. Defence in depth is applied in each facility according to its local characteristics.

The following are the basic goals of defepth:in d

x  preventing accidents through conservative engineering,
x  preventing abnormal operation through constant monitoring,

x preventing the escalation of any abnormal operation and reducing its conseqirdagestedrough
defence devices

x in the case ofents beyond the design basis, having proper tools and defined measures for reducing
consequences.

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

Defence in depth defines fararchic levels of safety related events, equipment and procedures. Each level is ai
at preventing the occurrence of the next one.
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Level Objective Implementation

Level | | Preventing abnormal operation High quality, conservative planning

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

Level llI| Management of dedigisis emergencies Safety systems and procedures

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

Tablet: Five levels of protection built on one another

0 Level | is related to the engineering process, where the power plant must be designed in a conservative mant
operatiorand safety reserves, using solutions that minimize the possibility of human error (aatbmation, cle:
handling). In this phase, all external events must be defined that should not be able to endanger the operatio
nuclear power plant (earthquakeeme weather etc.).

o Level Il is about having those tools and procedures at hand through which the power plant can be kept wit
designed operating envelope, so that safety barriers are not crossed. These include continuous measurem
pressure, temperature, circulation etc.), as well as periodical tests and trials, maintenance work and inspectior

o Level lll involves systems and measures that ensure the operation of safety functions in emergencies include
desigrbasis conditionssSome events (such as inherent material faults or natural disasters) cannot be preven
even by the most careful engineering, installation and operation. This level involves the automatic stoppage
chain reaction, while ensuring the continiregl afotble fuel and keeping radioactive emissions below the limit
values, for all of which the corresponding safety systems must be set up.

o Level IV represents very low probability events extending beyofut demggencies. At this level, safety
sygems cannot completely fulfill their role and there is a risk of zone meltdown and radioactive pollution. Desp
low probability, the severity of possible consequences makes it necessary for nuclear power plants to have t
that hinder the efation of such accidents, reduce their impacts and provide time for other measures to be te
(such as delivering additional equipment to the site, helping the population shutter up or move away).

o Level V kicks in when all previous levels have ifaileeblids the escape of significant amounts of radioactive
pollutants into the environment, which, in turn, requires the intervention of authorities in accordance with em
scenarios developed for such events.

BASIC DESIGN PRIN@ESL

x  Criteria for obsing the geographical location of the site
x  Evaluating the potential dangers of operation
x  Defining the design basis and analyzing its events
Fundamental requirements include the following:
i Ability to be driven to subcritical state
U Removal of residualthea
i Keeping radioactive emissions under the limit values
x  Minimizing anomalies beyond the design base

x  Keeping radiological exposure at the lowest reasonable level
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SYSTEM OF ENGINEEBBRRIERS

Thesystem of engineered barrisexves to prevent radioactive pollutants from getting out into the environment,
reduce their escape. These barriers set up one after the other are designed to block pollutants from spreadil
once they escaped from the previous level. Tysif@mibarriers are:

1. the fuel matrix (UO2),

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 safety mantl#ezhcontainment structure (airtight, usually with a double wall).

) o - Primerkon

z eman yidFgel nm@x r i x

z e ma ny aifuellcasingk o | a't

Pri mer k©° riiPrimary cren@ mdssure §nit
K o nt ®@omtaimment structure

FigureB: Engineered barriers in the case of nuclear power plant units[7]

DOUBLEWALLED CONTAINMENRSCTURE

The containment structure is a component of outstanding significance in defence in depth, as this is the last ba
internal space of the nucleaepplant between radioactive substances and the environment.
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Figured: Crosssection of the douballed containment structure [7]

Permanent and safe cooling of the reactor fuel must be ensured under any conditicdhevbassoef/anyl pipe

burst, cooling is ensured by the emergency cooling system, in a passive or active manner. If the pressure
passive cooling system feeds water into the reactor and ensures cooling until the pumps start operation. T
emergency cooling system consists ofpeebigire and a lpvessure part, and reserve coolant is stored in large
tanks to replace evaporated water.

Most safety systems need electric power to operate. These systems must remain serviceablgowwehe case of
loss. This is ensured by emergency Diesel generators, which automatically start when needed and provide uni
power to consumers which are of key importance for the safety of the nuclear power plant.

One structure used widely for hamdtrigt downs i n the course of serious
the concrete below the reactor vessel is prevented by rooms built at the bottom of the core that facilitate the
the melt, or by substances are placed undesahehieh the core melt can not penetrate.

Reinforcement of the containment structure and maintenance of structure integrity over the long term are of ot
significance. Containment structure integrity is also protected by the procedutbe amaiaterho of the
hydrogen gdsexplosive when it reaches certain concentration if mixed with the cangemer@edin the

course of hypothetical grave accidents. In the passive process, the hydrogen released to the air is cont
tramf or med into water steam by catalytic recombina
applied, which deliberately ignite the hydrogen gas accumulated in the containment structure before the hi
concentration is reachguatégent reaching the explosive concentration.

In most countries current requirements demand that the containment structure withstand even a direct hit b
passenger airplane.
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FigurelQ The first containment structure g @ristection against external impacts[7]

The most important guarantee for the safety of the nuclear power plardgrentcabdetyin certain accident
situations, inherent physical and heat engineering processes and barriers operatéhiohtistoreatiom and

finally stop unfavourable developments. This inherenalsedgt/ ensured irrespectively of the operability of

the safety and defence devicEkis reactor feature is-ggeific. Pressurized water reactors, currently the most
widespread type in the world, fall into this category. Té0\WeadRors of the Paks Nuclear Power Plant are also
of this typeTife other type, developed and built in the former Soviet Union, is the RBMK type, which does not meet
conditions dnherent safety. The reactors of the nuclear power plant at Chernobyl, where an accident happened on April 2
belong to this type. It was proven that one of the fundamental reasons of the accident was the lack of m&erent safety
reasonhe disaster of the Chernobyl nuclear power plant does not mean that other types of reactors are unsafe. Due to tf
inherent safety, Chernobyl type reactors have been shut down nearly everywhere in the world.)

Another important guarantee of otagtinst nuclear power plant accidents is the appixteioal dfafety

devices which prevent the progress and deterioration of various accident situations, and complement inheren
Within the framework of these external safety demtressamgirole is played bypdlssive defence 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 1l@#per reactor year.

The probability of a potential risk must be kept at the lowest possible level in accordance with the ALARA (A
Reasonably Achievable) principle, to guarantee the best reasonably achievable safety.

The fundamental goal adraef in depth is to maintain the integrity of the physical barriers with the help of automa
manual safety and protection systems against inherent or external events which jeopardize their integrity.

HERARCHY OF SAFENDAROTECTION SYSSEM

The fivdevels of defence in depth, applicable to new units, the four physical barriers and the relationship b
automatic and manual interventions are plotted in the following figure.
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Figurell Protection barriers, defence in depth levels and the hierarchy of irtdjventions[3

I'n the case of new units, breakdowns t hat were pr
failures) are now partofitees i gn basis. For this reason, the cont
current and new reactors. In the case of the currently operating reactors, in depth protection deals with nu
mainly in those operational states whaasltisein the reactor. In the case of new units, it includes all the possibl
states of the nuclear fuel (including those situations where the fuels are stored in the spent fuel pool).

In the course of developingdiieration reactors, key desigativbgeincluded 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 environment even if sbappem@cartethus 111
generation units do not have any significant impacts on the population and the environment of the power plat
the case of serious accidents.

STRESS TEST

Following the accident caused by an earthquake and an unpasdedamtethtthe 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 plants andbs&inclaktyetaavit
natural impacts, such as floods, earthquakes, extreme weather were assessed. The operators of the nucle

File ame PAKSII_KHT_Kozertheto_EN 42273



MVM Pald Zrt Environmental Impact Stuc
Implementatiof New Nuclear Power Plant Units at the Paks Site SimplifiedPublic Summary

plants carried out smiessment against the specified criteria, and submitted the results to their respective na
nucleaauthorities for approval. The national authorities prepared national reports, which were assessed by inte
expert groups, holdingitaconsultations in several cases.

Besides those member states of the EU where nuclear power genitiane ikraine and Switzerland also took
part in the surveys. The survey, which was conducted in 17 countries, finally came to the conclusion that E
nuclear power plants had sufficient safety reserves and they found no deficienciescieanyosighelants

that would make it necessary to shut them down. At the same time, the report by the European Commissior
several recommendations concerning increased safety, for the implementation of which the member states c
progrars

The targeted safety survey of the European Union concerning the Paks Nuclear Power Plant clearly had
findings. The report emphasized good practices that should be modelled by others in several areas. NoO ¢
significant deficienciesevieund 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 on its implementation. Similar programs artedniplether power plants of the EU and the
relevant reports will be summarized for EU level assessment. [9], [10], [11]

SAFETY ANALYSES

Safety analysessingdeterministandprobabilistimethods as well sefety report@repared 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 can mainly happen in the wake of serious damage done tes$peaatiyenzane,
meltdown, if the contamination is not held back by the containment strucRmebhaliiksétoSafety Analyses

(PSA) primarily deal with the probalztityeadamag€ehis requires the examination of all the pbssitdeof

evelts that can lead to zone damage with the help of deterministic analyses and calculating their probability inc
Their sum total characterizes the safety of the nuclear power plant. This analysis also reveals the weak poit
nuclear power ptadrom the point of view of safety. The results make it possible to create means and equipm
enhance safety. Safety analyses are conducted at various levels.

The purpose of probabilistic safety analyses is the calculation of the prob&ahévéetjesecyso(involving zone
damage) and level 2 events (involving heavy release of radioactive material).

4.2 NUCLEAR SAFETY REEMENTS

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

OArt iladcleas 2aPet vy: AEnsuring proper operating co
consequences of accidents in every phase of the life cycle of the nuclear facility, to protect employees
public against the hazards resulting from theaodizingt i on of nucl ear facild.

Act CXVI of 1996 on Atomic Energy specifies the general requirements for the peaceful use of nuclear energy
down the rights and obligations of the parties involved in nuclear energy use. The regutationsodritthe exe
Atomic Energy Act assign the matters related to nuclear safety and nuclear safety licensing to the competen
Hungarian Atomic Energy Authority.
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During the licensing of new nuclear power plant technology, special attentmbriosbaédiengavhether the
planned nuclear power plant to be established meets the nuclear safety requirements.

Nuclear power plants are engineered, and their equipment and safety systems are designed so that even in tf
an accident, the safethodt power pl antds surroundings shoul d be
supervision of safe operation and the development of measures aimed at increasing safety are basic require
the operators. The supervisory authority allowsriissioning and operation of a reactor, or actions to be carried ou
on certain parts of the reactor only if there is proof that the safe operation of the reactors can be guaranteed.

Compliance with the geological and nuclear safety requiremermtsfinmist tie the framework of a site licensing
procedure to be conducted by OAH on the basis of the Nuclear Safety Regulations (NSR) attached as an
Government Decree No. 118/2011. (VII.11.) on the nuclear safety requirements of nuClider feleiteds an
activities of authorities.

OAH determines the adequacy of the site and the geological base data related to the site according to the |
highly detailed assessments. The site assessment programme was developed to meetattmndhtest inter
requirements (pé&stkushima). The site assessment programme was evaluated by the experts of the Interna
Atomic Energy Agency (IAEA) within the framework of an independent supervisory procedure.

In accordance with the effective statubtatiorg (NSR), the power plant units to be established in the Paks site a
to be protected against the impact efitadjecivilian aircraft. There are extremely stringent quality control criteria
place regarding the equipment and buildingsweéthgant units. As the supplier of the units undertook to meet the
European Utility Requirements (EUR); they will employ various architectural and other technical solution
implementation to ensure facility protection, even in the casztafrgraat.

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

The safety requirements applicable to the nudieartdab#i installed in Hungary 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 ASMEastaetlaadthe EUR recommendations in order to
ensure a uniform level of nuclear safety conformance for the different reactor types built in different countries.

A requirement concerning the unit type to be erected is that during the licensiagiguooaturefore
implementation, it must be evidenced that the emission recommendations applicable to the unit type in case
design breakdowns conform the Hungarian and international regulations in effect at the time of licensing.
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NUCLEAFSAFETYREGULATIONGNSR)

NSR the domestic classification (Annex 10 to Government Decree No. (118/2011. (VII. 11.), Operational st:
defines the individual operational states of new nuclear units according to the following:

Design Basis (DB) Design Extasion (DE)
Normal operationa Design Basis Design Extension
condition Conditions Conditions
Expected Design basis failures . .
. - — Design extensi

operational | Lowfrequency design bg Very low probability des failures

events condition failures basis failures

DBC2 DBC3 DBC4 DEC1

Frequency (probability)
(f [L/year])

1>f>18 102> 40 1 104> %0 1

Tableb: Classification of individual operationahstatelng to the probability of occurrence

NORMAL OPERATION

121Normal operation (DBC1)

"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

DESIGNBASISCONDITIONS

179Expected operational event (DBC2)
"A process triggered by an initial event assumed in the design basis condition and analyzed accordinggte the principle

failure, and covered by tlasgyses, which is highly likely to take place during the operating time of the nuclear po
plant."

159Design basis failures (DBC3 and DBC4)
"A process triggered by an initial event assumed in the design basis condition and analyzedrzciptedingitmlkbe pr

failure, and covered by these analyses, which has a low probability of occurrence during the operating time of the
power plant, and which results in fuel rod damage of only the type and extent defined in the designs."

DESIGNEXTENSIONCONDITIONEDEC)

155Design extension failure (DEC1)

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 failures; hadearhizte reerious

consequences than the processes belonging to the design basis conditions, causing zone damage without
meltdown.

145Serious accident (DEC2)

A state of accident that involves significant damage to the reactor zone and inclwtésh rhakdoer e
serious external affects than design basis and design extension conditions.
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4.3 INTERNATIONAUCLEAHEVENTSCALE

In order to facilitate the spread of information concerning nuclear events and tdequaialy iahorm the

public, the ecial and political organizations and the mégéaNuclear Energy Agency (NEA) of the Organization
for European ©peration and Development (OECD) and the International Atomic Energy Agency (IAEA) develoj
International Nuclear and RadiologicaBEake (INES).

The INES scale is intendddfeom and notify the public using a comparative seddeut 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 events on a scale of seven levels, differentiating three levels in the case of incidents (o
failures) and four levels of accidents.

The International Nuclear and Radiological Event Scale is shown in the following figure.

Nemzetkdzi Nuklearis Esemény Skala (INES)
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Figurel2International Nuclear and RadiologicaBEak (INES)
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Deviations from the normal operational level are rated -Byolevbaks INES scale, and there are three levels of
operating failures and four levels of accidents.

The accident that took place in the Chernobyl nuclear power jdaciassiti@diéas level 7 on the INES scale. The
accident seriously affected peopleds health and
criteria for rating on the INES scale was to clearly distinguish less seriousseert@ssivithitegacts from this

very serious accident. Thus, they rated the accident that happened at Three Mile Island (TMI) nuclear powe
1979 as level 5 on the INES scale.

Events of any level on the scale have to be reported to the NatioBaktgycOffice (OAH) and the Vienna
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 ratadHungary by the operative technical personnel of the Paks Nuclear Power Plant accordi
Guide no. 1.48. of the OAH and based on the Nuclear Safety Regulations (NSR), which is approved by the (
Information and Visitor Centre of the Paks RowlearPlant issues a short, clearly understandable public
announcement about all event on the scale and forwards it to the Hungarian Press Agency.

Table6 shows the general criteria of nuclear event rating, &mgivEaldzamples for the applicdtibe tNES
criteria for rating events in nuclear facilities.
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Description and INE
level

Accident with wide

People and environment

Limited release of radioactive material likely t
implementation of some planned countermeasu

Engineering control in the facility and radiologig
barriers

Defencen-depth

Severe damage to reactor core.
Release of large quantifesadioactive material wi

consequences an installation with possible exposure of (one
INES 5 Several deaths from radiation. members of) the population. This could arise
major criticality accident or fire.
) . Minor release of radioactive mauelilaly to result| Fuel melt or damage to fuel resulting in more th
Accident with loca jmplementation of planned countermeasures of release of core inventory.
consequences local food controls. Release of significant quantities ofatk materi
INES 4 At least one death from radiation. within an installation with a high probability of s

public exposure.

Serious incident
INES 3

Anomaly
INES 1

Exposure in excess of ten times the statutory an
for workers.

Nonlethal deterministic health effect (e.g., burn
radiation.

Exposure rates of more than 1 Sv/h in an operati
Severe contamination in an area not expected b
with a low probability of significant public exposu

Near accident at a nuclear power plant with no safety
remaining.

Lost or stolen highly radioactive sealed source.
Misdelivered highly radioactive sealed source without
rocedures in place to handle it.

Overexposure of a member of the public in excess of statu
limits.

Minor problems with safety components with significai- ¢
depth remaining.

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

No safety significance (Below scale/INES 0)

Tablet: Generatriteria of rating nuclear events [12]
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Description and INE

People and environment

Engineering control in the facility and

Defencen-depth

level radiological barriers
Accident  with wider | \indscale Pile, UK, 1957 Releas{ Three Mile Island, USA, 1979 Severe damag
consequences radioactive material to the environmen| reactor zone.
Level 5 the reactor zone caught fire.
Accident  with  local Tokaimura, Japan, 1999 Lethal expog Sairiaurent des Eaux, France, 1969 Meli
consequences worlgers owing to a critical event in the [ one of the .fuel chanr_mgls in the reactor,

facility . release outside the facility.

Level 4
Serious incident No precedent. Sellafield, UK, 2005 Release of significant| Vandellos, Spain, 1989 Jdeeident due to fi
Leveld of radioactive material contained within the f§ which stopped the safety system in the react

Anomaly
Level 1

Damage done to the operation limits in a

facility.

Tabler: Examples of rating events in némbddies to illustrate the INES criteria [12]

The two tables above do not contain the level 3 serious failure that took place on April 10, 2003 in urdr 2 ohvidrePakisdx tiskeextremely serious,
level 7 accident that took place onMagf 1 in units 1, 2 and 3 of the Fukushima Daiichi Nuclear Power Plant in Japan.
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5 DESCRIPTION OF THRRNED INSTALLATIONES

The planned installation site of the new Paks baweleplant units falls within the boundaries of the site of the
Paks Nuclear Power Plant.

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 westr @ahaldeiand 1.5 km east of Main Road No. 6.
The following figure shows the location of the site and its immediate environs.
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Figurel3 General map of the Paks Plant [13]
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5.1 PAKSII INSTALLATION AREATWIN THE BOUNDARIEBS THE SITE OF THEKS NUCLEAR
POWERPLANT

For the purposes of implementing the new nuclear power plant units, the areas north of the existing units of
Nuclear Power Plant can be taken into accourta @aknaated by the red line, shown in the figure below, will be
the operating area of the new units and the one delineated by the blue line will serve as a temporary constructi
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Red line: operating geographical scope
Blue line: temporaonstruction area

Figurel4The Paks site with the location of the planned new nuclear power plant marked
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The total area is 105.8 ha, of which operating facilities and the temporary construction will occupy 29.5 ha an
resgctively. The operating area will accommodate the power plant units, the auxiliary equipment and systems
support as well as other buildings, and the temporary construction site will offer a suitable locationefor construc
implementatigphase.

Figurel5 Location of the planned units [14]

5.2 INFRASTRUCTURAL COGINENS OF THE INSIATLION SITE

Source: Analysis of the Items Beyond the Cont Paksciteo2018,MVNEc op e
ERBE Zrt.

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 arttee 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 inktabdn period.

Both the operating and the temporary construction sites of the new nuclear plant are accessible via the M6 |
(Paks southern exit) and Ra&dNo. 6. There are separate driveways leading to the northern gate and the south
gate othe nuclear power plant. Several options for accessibility by road have been studied in advance:

x implementation of a new access road branching off the exit of the M6 motorway;

x upgrading the road network connecting the neighbouring settlemenks®(Tergslid, , Nagy
N®met k®r and B°l cske) with Main Road 6, to 2
x widening and upgrading the current dirt road to Gerjen.

The GerjeRaks Nuclear Plant road and a boat or ferry service on the River Danube can plocstharuitytof Ka
surroundings into the construction project.

Regardingail links, the current railroad runs along the area mentioned in the direction of Pusztaszat
(Pusztaszabolbsu n a 4P &8s 0s Hungari an Rai | s étradprailroad). &helogiginad | e ¢
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section was upgraded during the construction of the Paks Nuclear Power Plant and is suitable for engines wi
load of 20 tons; nevertheless, the section needs further upgrading. Alternatively, a new tracksheedds to be estab

Regarding accessvigter the Paks Nuclear Power Plant already has a port, however, it needs to be upgraded w
portal jHerane and perhaps extended.

The operating and temporary construction sites of the new nuclear plant will lod tbeatademrimits of the
Paks Nuclear Plant. Currently, no direct water supply or waste water disposal is available. Therefore, this issue
be addressed.

5.3 THEPAKSNUCLEARPOWEHRPLANT AND ITS ASSOTEM FACILITIES

| S A

Figurel@ View of the twin units of the Paks Nuclear Power Plant[13]

FilenamePAKSII_KHT_Kozertheto EN 53273



MVM Pald Zrt Environmental Impact Stuc
Implementatiof New Nuclear Power Plant Units at the Paks Site Simplified Public Summai

Legend:
1 Main operating building |
Main operating building Il
Sanitary facility and laboratory
Auxiliary building |
Auxiliary building Il
Diesel engine room |
Dieseéngine room Il
Chemical water freatment room
Hydrogen nitrogen tanks
Hydrogen plant
Water intake plants | and Il
Sludge tanks
Waste water treatment plant
Transformer station
. Spent Fuel Interim Storage (SFIS)

Figurel 7 Paks Nuclear Power Plant and its associated facilities at the Paks site[15]

5.3.1 PAKSNUCLEARPOWERPLANT

The Paks Nuclear Power Plant has a key role in HL
1982 and 198With one pressurized, wateled and wataoderated VVERO reactor of thel®3 type in each

unit. The initial nominal capacity of the units was. 440sNi¥&s increased to 500 iM& capacity boosting
program, as a result of which the total nominal capacity of Paks increaseditbe2béatdutput of each unit is

1485 MWand the total heat output of plant is 5940 MW

The Paks Nuclear Plant operates as a base lophpowith an output load kept as steady as reasonably possible.
In 2013 it generated 15,369.6 GWh electricity acc

The nuclear power plant technology can be divided into a primandandarseit. The primary circuit comprises
the core with the main water circuit and the related primary circuit systems and other auxiliary systems. T
equipment of the primary circuit is a vertical cylindrical reactor, housing theeaaet@oisefu€led by 42 tons

of uraniurdioxide. The pressurized nuclear reactor is moderated and cooled bydyhHight@réssure and

high temperature primary circuit water transmits heat from the reactor to the secondary tiangimnssithe heat
pipes of a steam generator. In the secondary circuit the heat generated in the reactor is transformed into kinetic
electrical energy. In the steam generator water evaporates and reaches the turbines via the main steam sys
stean exiting the turbines condenses on the heat transfer surfaces of the condensers cooled with water from-
Danube and returns to the steam generators. The Paks Nuclear Plant uses the water of the River Danube fc
and discharges it back & Danube after warming it up. The main transformers (2 for each unit) transform
electricity generated to 400 kV.
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Figurel8Eastwest crossection of the Paks Nuclear Power Plant[16]
Fuel management and storage

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

must be shielded for protection against radiation, and must be cooled to carry away their remaining heat. A
removal, ehspent fuel assemblies are temporarily stored in a fuel pond, with an independent cooling circuit,
immediate vicinity of the reactor.

Following their storage for 3 to 5 years in the fuel pond, the spent fuel cassettes are transpotet to the Sg
I nterim Storage (KKCT/SFIS) in order to free up t

Security zone of the Paks Nuclear Power Plant

The minimum width of the security zone of the Paks Nuclear Plant is 500 m calculated élemehesfaiidwing
structures:

- the walls of the rooms comprising emergency cooling water pumps at water intake plants,

- the walls of the ducts where emergency cooling water pipes run and the pipes themselves where they are
the ground,

- the walls of therbine engine room,

- the walls of the desalinated water pump rooms,

- the walls of the electrical cross bus line galleries,

- the walls of the reactor halls, including the walls of the localization towers,
- the outermost points of the subterranean fuetitas&bgenerators,

- 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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Figurel9 Security zone of the Paks Nuclear Power Plant[15]

5.3.2 400KV SUBSTATION

The eletricity generated by the turbines of the Paks Nuclear Plant is transformed by the main transformers to
The main transformers are connected via a 400 kV overhead electrical power line to a 400 / 120 kV su
constituting part of the natipithlin the south east of the Paks Plant. The 400 kV transmission lines running fron
substation provide the main routes of the delivery of the electricity generated. The 400 kV station section is cot
a 120 kV substation and, hence, the IbBgdiStance transmission line via twd 2008 kV, 25250/75 MVA

booster transformers. The 400 kV substation usesnSt@tgasswitchgear technology ireadesbalf breaker
arrangement. The 120 kV part is a traditional subsfati@inaaiid 1 auxiliary bus lines.

5.3.3 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 fioeiB stwEagears in the fuel pond, the spent
fuel cartridges are moved to the Spent Fuel Interim Storage (SFIS) located next to the Paks Nuclear Power Pla

The SFIS is a modular interim storage facility, with a storage capacity that can lleeeagditidedobynew
storage capacities. 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°zhaszn¥% Nonprofi
Power Plant, it is a separate nuclear facility independent of the operator of the power plant, which has its own
Final Safety Report and operating licence.

The crossection of the storage chamber that contains the storing tubes andamareghhaultustrated in the
following figure.
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Figure2Q Crosssection of the SFIS[15]

5.4 MONITORING SYSTEMSHE NEIGHBOURHOOD BEPAKSNUCLEARPOWERPLANT

Just as all power generating facilities, the Paks Nuclear Power Plant continuously monitors

environmental emissions that are necessary concomitants of is technology, as well as their appearance
environment (immission), and esrassummary report of them, cf. the 2013 environmental report of the MVM Pe

At omer RmT Zrt
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5.4.1 CONTROL OF TRADITIOEAVIRONMENTAL CONDN INDICATORS
5.4.1.1 Control of waste water and used water emission
Waste and used water is monitored in complisimeSeiigvision Plan approved by DAKTVF.

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

1 V4 sampling station (sample pumped from the cdssettergiytdissipation device): sampling the mixture
of used water and purified waste waters returned to the Danube; conventional emission limits apply at tl

1 Expansion area pump shaft: Quality of waste water transferred to the Paks citgatiastet \wktet
(with a set threshold).

1 Other sampling places: before and after the communal waste water treatment plant, at the caustic sluc
and the chemical waste water pool

5.4.1.2 Exposure of the Danube to heat

Inspection of compliance with the dbditids applicable to the Danube is performed accordingRevibioiself

Plan approved by DAKTVF. According to the provisions of this Plan, the temperature of the water removed
returned to the Danube is continuously measured, anceitineeteiiime water discharged to the Danube exceeds
25 C, the temperature of the Danube water 500 m downstream of the warm water discharge point is also meas

5.4.1.3 Groundwater monitoring

In order to monitor potential sources of environmentahpdiatisriticlear Power Plant operates a groundwater
monitoring system, as required by its environmental licences. In the system set up for monitoring conv
emissions, the following parameters are measured and analyzed at the following sampling points

1

At wells in the neighborhood of the operational hazardous waste collection site: pH, total $adt, total oil, K
Mn, Cu, Zn, Pb, Cr, Ni values,

1 Atthe sludge area wells:

pH, conductivity, total hardness, total salt content, ammoni#®}daté®oike, Mn, Cu, Zn, Pb, Cr, Ni,
Clvalues,

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

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

5.5 OPERATIONAENVIRONMENELRADIATIONPROTECTIONONTROSYSTEMPERMS)

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

The erritorial arrangement of the radiological and environmental monitoring system of the Paks Nuclear Powe
shown in Figuee
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Figure2 Geographic location of the radiological and environmental monitoring system of the Paks Nuclear Power Plant
Thesaneasurements were performed by the Paks Nuclear Power Plant, various authorities and other institution

The fundament al purpose of nucl ear environment al
radioactive substances, the appeafdhedatter in the environment, and to identify environmental radiation levels.

The continuous monitoring of the vicinity of the Paks Nuclear Power Plant must be performed by the Op
Environmental Radiation Protection Control System (PERMBMhafhaeport of the findings related to the

measured ambient radiation and radioactive concentration based on sampling from the individual environmentse
published each year under the titlIPd amRa&di ati on Pr

The structure of the-lgwel radiological and environmental monitoring system of the Paks Nuclear Power Pla
shown in the following figure.
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Figure23 Structure of the tiggel radiological and environmental monitoring system of the Paks Nuclear Power Plant[18]
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Emissions and the condition of the environment are assessed by monitoring at two levels:

x by continuous measurement

i The online remote mongoriatworks measure the most significant radioactive emissions
(aeriform and liquid) and environmental radiation volumes on an continuous basis.
x by sampling

U The Emission Monitoring Laboratory uses isotope selgrtegsibiglaboratory investigation
methods to improve the accuracy of the remotely measured values of the samples taken fro
emitted media.

i The Environment Monitoring Laboratory measures the isotope selective radioactive concent
the gamma radiation dose and the dose rataridubesmvironmental samples taken from of
the environment within 30 km of the plant.

Both laboratories are accredited by the National Accreditation Board.

5.5.1.1 Radioactive emissions and their control

In 2004 the emission limitation system prescribed yoD&6r2601. (VI.8.) of the Minister for the Environment
entered into force. It compares both aeriform and liquid emissions to the isotope specific emission limits derive
dose limits (@0Sv/ year ) set for the Paks Nuclear Power Pl ¢

In 2013, th Paks Nuclear Power Plant used 0.26% of the emission limit, in other words, 0.2
of the permitted values were emitted.

Utilization of the limits on liquid emissions was-3,.7.2.10.18%, while 7.771dr 0.08% of
the aeriform emission limit was used.

Utilization was similar in the previous years: @626, 20110.20%, 2010 0.25%, 2009
0.22%.

5.5.1.2 Assessment of the state of the environment
The state of the environment is assessed by analgzits thiethe following measurements:

measuring the radioactive concentration of theugith&akoil, groundwater and natural vegetation (grass),
measuring activity in surface waters (Danube, fish ponds, catch drain), water, sludge and fish samples
measuring activity concentration in certain food samples (milk),

measuring the ambient gamma radiation dose and dosage rate.

The following figure shows the location of remote measuring stations that monitor the state of the environme
vicinity dhe Paks Nuclear Power Plant.

=A =4 =4 =4
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5.5.1.2.1 Remote measuring systems

Remote metering systemihin a 1-km radius of the Paks Nuclear Power Plant

T 9 type AAO0O measuri-A®9g and sampling stations (A1l

gamma dose rateeasuring (dime)

(online) measuring the total beta activity concentration in aerosols

(online) measuring the fadime elementary and organic phases

taking aerosol and iodine samples for laboratory measurements (weekly and monthly)
2Fallout, wasbut sampler (monthly)

o TMC sampler (T: agueous vapour and hydf@g€®and Ce+ CH,); (monthly)

T 11 stations-Gal) the type AGO (G1

0 gamma dose rate measuring (online)

O O0OO0OO0Oo

2The falbut of radioactive isotopes in the air may take place by deposition (gravitational precipitation), os®a effadit of thiirg rain or Jinese
processes are wwidectively termed o6fall
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Remote metering systemvithin a 3km radius of the Paks Nuclear Powter Plan

T One measuring and sampComigr clt ast @anhi o atheDuypf

For the purpose of determining the control or background level, the same measurements are performe
the type AAO0 stations.

T 15 stations of the type fACO

0 dosemeasurements performed by themmeescent detectors (TLD) (monthly)
o fallout sampling and analysis (periodically)

5.5.1.2.2 Sampling, laboratory tests

0 water samples at water sampling points V1, V2 and V3 (daily sampling for total gamma,
beta, and monthlygaarterly sampling for isotope selective measurements)
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 monitoi{peritditatiy)
o mil k samples from the dairies at Dunasz:
o fish samples from angling ponds (quarterly)

5.5.1.2.3 Measurement of groundwater tritium activity concentration

To measure the tritium content of the groundwater under uitdingpathebPaks Nuclear Power Plant runs a
monitoring system in order to meet the requirements ofSartbnesdlution-#2A7 (IBJ tasks) of OAH.

Fundamentally, the tests are based on the network of groundwater monitoring wellastigaupdingrthiant,
consisting of nearly 140 wells, of which 52 are sampled monthly or annually by the Radiation and Envirc
Protection Department. The tritium activity concentration measurement of the samples was supplemented by
and gamenspectrometry measurements whenever tritium concentration eRgéd@ed/B0id the framework of
environmental monitoring, continuous water samplers were installed in 25 wells for the main purpose of detec
radioactive substances that mmégphtesent (gamma spectrometry once in 2 ¥wotihse in 4 montli9Sr

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 exjgosu radiation from groundwater tritium is about 0.01 nSv/year, practically negligibl
comparison to the exposure to electromagnetic fields arising from natural background radiation, which is at
higher (2,hmSv/) in Hungary than the globaje\{@rdnSv/year), as it is 3, or at certain places 4 mSv/year.

5.5.1.3 Additional exposure of the population to radiation

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

Dose limit nSv/year 90
Population dose nbviyear 4.83 16
Limit utilization % 5.37 16

TableB: Dose limit utilization at the site of thEUrRad&ar Power Pla2013 [19]
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According to calculations, as a result of the normal operation of the Paks Nuclear Power Plant, the 201!
additional exposure to electromagnetic fields was 48.3 nSv, which is 0.0537% of the 90 Sv permitted annu
dose limit.

This additional radiation exposure is identical to the effective dose received during about half an hour in the

thus it does not impose practically any health hazard, and the population was exposed to a negligible ar
additional radiation.

5.6 JOINTENVIRONMENTRADIATIONMONITORINEYSTEMJERMS)

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 perforraedubletredP@aler Plant.

30 km

%W EiA (SH)
: FmA (SA
@ KvvA (SEW)

Note:

E ¢ ichealthcare

F miCagriculture

K v Vdhvironment and water management

Figure?5 Official measuring points within 30 km of the Paks Nuclear Pe®®&r Plant [4
The following ministries are meoflibessJERMS:

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

Agriculture Division (FmC)

Environment and Water Management Division (KvVvC

In the framework of inspections by the authority, in addiiowdy dfieatmospheric and aquatic environmental
emissions, laboratory analyses are also made of the Danube water and sludge, soil, plant and milk samples.
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In addition to measuring the dose rate of ambient radiation, the authorities have bedollaveiaguaictiyities
since 2001:

atmospheric aerosol,

fallout, drgut

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

drinking water (wells, depth)

deposit (rivers, natural and artificial lakes)

soil and grass samples (irrigated afmigaded 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 O0OO0OO0OO0O0o

In the course of the impact assessment of the environglod Bates iigasured by JERMS were analyzed in detail
in the chapter entitled AENnvironment al Radi oactiv

Under the titReport of the Joint Environmental Radiation MonitorintEB}&puyblishes annual reports of its
activities performed in theesobjis regulatory inspection of the neighbourhood of the Paks Nuclear Power Plant.
reports containing the findings recorded betwe261238® public and can be downloaded from the JERMS
website:

(http://www.hakser.hu/eredmenyek/eredmenyek.html

5.7 NATIONAIEENVIRONMENTARADIOLOGICAVIONITORINEYSTEMNERMS)

Under Government Decree 275/2002. (XII.21.) Korm. the core responaiinlitsl &rithieoNmental Radiological
Monitoring System (NERMS) includes the collection of countrywide measurement results emaadtural and m
environmental radiation to which the population is exposed, and of the concentration of radiotetive materic
environment.

The following are measured:

9 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 animahd planbased foods consumed by the population and their raw materials,
- indrinking water,
- In construction materials and raw materials,

9 activity concentration of radon and its daughters in the open air and inside buildings,

9 internaladioactive pollution of the human body.

Conclusion of the 2012 NERMS Report

Source: [45]2012 Report of the National Environmental Radiological Monitoring System (Hungarian abbreviation: NERMS)[12/27/2(
The 2012 Report of the National EnvironmagiolagRal Monitoring System (NERMS) summarizes the results o

measurements conducted in Hungary as follows:

ilt mu st be emphasized that whil e acPosthenthtyin g t
733/2008/EC, Council Regulation3ka®J8 of 15 July 2008 on the conditions governing imports of agricultural products originating
third countries following the accident at the Chernobyl nuclear power station (codified version); CouncillB4gi2afien (EC) No

extends its validitytiiMarch 31, 2020) (DL of 30/07/2008, pagethg maximum permitted levels of accumulated
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maximum radioactive level in terms of eb@éiand137 is 60Bg/kg (370 Bg/kg for milk and milk products
and in foodstuffs intended for the spedng tdddfants), the highest values measured in 2012 in processed
foodstuffs in Hungary remained below 40 Bg/kg.

AFinally we mention that t he -neadepsouscdsother thar thoseh e p
used for medical purpdsesnbe estimated between 3#B8\6in recent years in Hungary, while exposure to
radiation from natur al sources is higher by nec:¢

Ailn summary it can be st at -spdcifit dmaranmentahioong cesultsy t o
the activities subject to licensing have negligible impacts on the environment and on the population, |
radioactive isotope concentration values remai:r

In order to characterize the conditions prevailing in Hungary, the following figure shows changes in the natione
and daily maximum and minimum gamma dose rates for the purpose of characterizing the conditions pre
Hungary.
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Figure2G Changes in the national average, maximum and minimum gamma2fis®e[P&Es in

The daily dose rates measured by the dose rate probes included in the environmental monitoring system of
Nucl ear Power Pl ant in 2012 at type AAO0 and AGO

fluctuating betwe®8 and 98 nSv/h in the ambience of the Paks Nuclear Power Plant. These values represel
lower range of all values measured in Hungary. The temporal changes in the measured values are shown belo
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Figure7 2012 daily dose rates of the Paks Nuclear Power Plant, measured at its environment monitoring stations

5.8 SUMMARY OF THE TOPOEHRC FEATURES ANDABRACTERISTICS OERAKS SITE

The Paks site has numerous favourable featurissflantiemtation of new nuclear power plant units:

= =A =4 =4 4 4 - -8 4 =A =4 -8 =4

= =4

a nuclear power plant has been operating at the Paks site for over 30 years,
the population living in its vicinity has accepted the existence and operation of the Paks Nuclear Power
the site and eronis of the Paks Nuclear Power Plant is a meticulously investigated and studied area,

the impacts resulting from the operation of the Paks Nuclear Power Plant are continuously monitore
monitoring systems operating on the site and in its environs,

thesite is directly on the bank of the Danube,

the Danube is available as a cooling water resource,

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

the site is easy to access by road and rail,

part of the construction materialargacequipment can be transported by water,

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

population density is below the national averadge kmthiiity of the power plant, with the exception of
the city of Paks,

the national electricity grid is readily accessible,
qualified and skilled manpower experienced in work at the nuclear power plant is available in the region

Due to its natural anfitastructural resources, Paks offers a good opportunity for the accommodation of
people engaged in the building and later in the operation of the new plant.
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Compliance with the geological and nuclear safety requirements will be evaluhtedtifiedetsilthe Hungarian
Atomic Energy Authority in the framework of a site licensing procedure to be conducted on the basis of the
Safety Regulations (NSR) attached as annexes to Government Decree No. 118/2011. (VII.11.) on the nucle
requirements of nuclear facilities and the related activities of authorities.

6 POSSIBLE CONDENSERCING METHODS OF NERV NUCLEAR UNITS

6.1 COOLING REQUIREMENTD OPTIONS FOR ELEICITY PRODUCINGWER 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 fuei or the fuel rods in the case of nuclear powértp&ntannot be utilized for electric power production be

dischargeithito the natural environment, which acts as the final heat absorber. The reason for this is that the col
cannot be cooled below the actual ambient temperature. This also explains the efficiency of this cyclical proces

In the case of modern nugewaer plants with current state of art technology6@boof 6te heat released in the
reactor is eventually released into the environment, at a temperature close to the actual ambient temperature.

In addition to electric power generation, #tswehisat produced in the primary and secondary circuits of nucleal
power plants that cannot be used for electric power production, and which is carried off by the cooling syste
waste heat produced in the primary circuit of power plantsffsbyathieds@alled emergency 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 generated in the technological systemsutlieiseaonekdry

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 absorb the generated heat, depemitieg) afrilibeshen

0 a highyield river;
o a bigger lake;
0 the 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 through the condenser; thisliedttiesto 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 ws
the cooling towers recircutaseen the cooling tower and the condenser. In this case, the majority of the heat t
discharged is carried off by the evaporation heat of the cooling water, and the rest of the heat is absorbed |
through heat transfer.

Nearly 75 percentla# turrently operating nuclear power plants utilize fresh water cooling, and the rest of ther
cooling towers.

In the case of the planned new nuclear units, the main technology and the majority of auxiliary systems anc
have a relatively Idependency on the installation environment; however, the cooling system must be choser
project specific manner, taking the features of the actual environment into consideration. The cooling method
technical and economical features amyitlommental impact of the planned new nuclear units.
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6.2 (GENERAL REGULATIONDANMITS APPLICABLE HEAT LOAD ON TAEUATIC ENVIRONMENT

The warm water discharged into the aquatic environment (thermal discharge) may affect the recipient aq
including fish and other aquatic organisms. The adverse effects on the aquatic flora and fauna can be miti
reducing the temperature of the water before being discharged, as well as by increasing mixing and heat los
effects can be reguldigdhe criteria governing the heat discharge limit values and the mixing zone.

6.2.1 GENERAL REGULATORMBHMEWORK OF EXPOSOREAQUATIC ENVIRONWMEO HEAT
6.2.1.1 European Union
Thermal discharge is limited by Annex | to Directive 2006/44 (EC) of the Eura@eahtReiGannecil:

x 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%

x thermal discharges must not cause theatanepgownstream of the 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 faffemting the mixing zone include temperature, speed and the amount ¢
discharged water.

6.2.1.2 Hungary

The general rules are set forth in Government Decree 22@20Gh (Ml protection of surface water quality and
Decree 28/2004. (XH.) KvWM ohe emission limits of water pollutants and the rules governing the application
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 aedringaapacity of the recipient 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.) VMnsurface water contamination limits andstygowelrning their application

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

Quality parameters Trout waters Barbel waters | Bream waters
Temperature* A d 18 25 30
Temperature change** |A C 15 3 5

Note:

temporargieviations 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 valuedabhdicated

Tabled: Water 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 Wategevteent. The Danube is not included here, thus according to the releva
statutdas of June 7, 20Jitdoes 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 omldogtagicassessment studies.
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Licensing practice

During the licensing procedure of traditional power plants, the authorities specify the allowed difference bet
temperature of t he &)ehamaxendm alowdd tempepdtine watedto be disclearged( T
(T , the increase in temperature after mixing (oT)

6.2.2 LEGISLATION APPLICABIO THE HEAT PRODI@BI OF NUCLEAR P®PEANTS

6.2.2.1 Member States of the European Union

If a few Member States are pickkthguired without attempting to be exhaustive, the following requirements may
found.

Finland

There is no separate regulation for thermal discharge by nuclear power plants in Finland; limits are set by the «
authorities in accordance witbdalecharacteristics of each project.

The two nuclear power plants currently in operation, Olkiluoto and Loviisa, use sea water cooling. Discharge |

for Olkiluoto is 30AC (weekly roll ichagrgezhamnelage), m
For Loviisa, the limit value is 34AC (hourly aver
Germany

I n Germany the difference between the temperatur
maximum temperature of the eecthovand r et urned water depends on t hi
water cooling, S8SBstA€mimodlhieng ats@w ® If-sysignadoling Bwes.C i n

The amount of water taken from the sea must not eXdbeddi®st water yield

Sweden

There is no separate regulation for water removal; limits for the amount of water that may be removed an
thermal discharge are set by the competent authorities in accordance with the local chaactiedstics of each

Typically, the amount of water removed by nuclear power plants does not exceed 200 m3/s (per site), and th
temperature increase is 10AC.

6.2.2.2 Hungary

Statutory regulation applicable to heat production by a cooling system operating wititdresh

High priority facilities, and more specifically, nuclear power plants, are subject to a special regulat®n set forth
15/2001. (VI. 6.) of the Minister for the Environment on the emission of radioactive elements to the air and
durng the application of nuclear power, and on their control.

Article 10 (1): At high priority sites the following rules must be observed for protecting surface waters and watt
formations against thermal contamination:

a) the temperature diff@end et ween the water to be discharged
14AC if the temperature of the recipient water

b) the temperature of the recipient water measured anywhere in a section 500 meters downrsdfeam of the
di scharge must not exceed 30AC.
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Based on Article 66 (1) of Act LIl of 1995 on the general rules of environmental protection, other heat lo
required for protecting water quality are determined by the supervisory authorityigettsingotimseisé lof the
environment.

Statutory regulation applicable 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 proteati metric or limit value for the assessment of the effects of vapor formation and condensation.

6.3 COOLING METHODS TO'BEEN INTO CONSIDERN REGARDING TRHEKS SITE

The cooling tower options applicable to the envisaged new nuclear power plant units of Paks were analyzed ir
studies. The purpose of these investigations was to select a cooling method that can be built and operated ecc
with the best pdds technology and efficiency under the circumstances and environmental conditions, and
complies with the environmental regulations during its planned lifetime.

The results of the analyses revealed that the two cooling methods feasilftesit Waker @®oling and cooling
tower cooling. These two options, ifeesthevater cooling systemtilizing the water of the Danube anetthe
cooling tower cooling systenvhich can operate independently of the Danube in air cooling modedvirere analyz
depth.

6.3.1 FRESHWATER COOLING

In the case of fresh water cdoling method currently used at the four existing units thfeRakiste heat is
removed by circulating Danube water through the condenser. For this cooling solution, waten|is rantosed by
water intake plant from the Danube, and fed throt
The cooling water flows through the condenser, and the warmed cooling water is released back into the Danut
thewarm water channel and the return structure.

The fresh water cooling system has been analyzed from the standpoints of technology, economics, and envil
protection. The analyses essentially explored the possibilities of removing the codlivegy Databdrand
feeding it to the cooling water unit, as well as the technical solutions of returning the warmed cooling wat
Danube.

6.3.1.1 Alternative cooling water supply solutions

For the technology, the aim is to supply an adequate amougt vedtemolaking into consideration the
characteristics of the Danube, the different water levels, water yields and water temperatures. Water may be
either from the Danube bank or the river bay of the existing cold water channel of fevralilahiclkksaithe

site of the Paks Nuclear Power Plant was chosen so that further units may beddtakttihenessastiteria for
cooling water supply dictate making use of the amenities of the site and the existing facilitiedeas much as possil

From the aspect of environmental protection, it is also advisable to use the existing facilities, with modificatior
where necessary. In order to limit the encroachment of new routes and facilities on Natura 2000 classified are
shal 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 water supply using a Danube bank water intake structure
o Cooling watsupply using a bay wattke structure
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Evaluation

Cooling water supply from the bay is more favourable from the aspect of construction and operation than the
fresh water cooling system.

From the aspect of environmental protection, thétloptieriowest ssdhsumption and the one resulting in the
smallest amount of lost electric power is the most favourable, as any electric poamesupgitionseitist be
produced in another power plant. The most favourable consideresithdyagtomling water supply.

In terms of environmental impacts, in the case dftdige womling water supply, a narrow section of Natura 2000
area is affected due to the water intake on the Danube bank, which presents yet another disabit@iitege comp
river bay cooling water supply.

Based on survey results and in light of the technological, financial, environmental and nature conse
considerations, the bay cooling water intake and supply alternative was chosen.

6.3.1.2 ALTERNATIVE SOLUTIGMR THE DISCHARGE GAMED COOLING WATERO THIDANUBE

During the analysis and comparison of the different options of passing the warmed cooling water (hencefor
water) from the units to the spillway, and onward from there to the Danalginthiénndistte river, the primary
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 from the spillway to the Danube, we also investigateidtihg use of the
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,

o0 discharge into the Dia@ 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 warm water on the left bank of the Danube was discard
unfavourable mixargl significant investment costs compared to the other two alternatives.

Discharging the warm water beyond the shipping lane of the Danube is possible, and mixing is favourable in
but this solution requires a few significant technicabmsteanehinstalling the structure that handles the deepening
of the river bed is very expensive. Based on currently known conditions, discharging the warm water be)
shipping lane of the Danube is only a secondary solution to the warm evarethéisdiarigank of the Danube.

The following are the most important alternatives that can be considered for carrying warm water to the Danu
right bank and that were analyzed in detalil:

x discharge through the existing energy dissipatiandléwiceouthern sith@nnel branching from the
new warrwvater channel,

x discharge through the existing energy dissipation device and through the northern channel brar
through a new baffle structure (selected solution)
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Evaluation

In terms of consttion and operation, discharge of the warm water of the new nuclear units into the Danube is
favourable via the northern side channel of the existing warm water channel than via the southern one.

In terms of environmental protection, the mabléaatbeimative is the one that ensures a more thorough mixing of
the discharged warm water with the Danube water. In this respect the northern branching off is a consideral
solution, because in this section mixing conditions are better.

If impats on nature are considered, the northern side channel is the more favourable solution again, becaust
narrow belt of Natura 2000 classified area is affected, resulting in a considerable advantage compared to the
side channel.

Based on theonducted survey, and in light of the technical, financial, environmental and nature consen
considerations, discharge through the northern side channel branching from the existing warm water char
chosen.

By establishing the northern sideett@aatha new warm water discharge structure (e.g. recovery power plant) in t
area encircled by the existing cold water channel and the existing warm water channel, it is possible to imy
mixing of the warm water discharged into the Danulith, miongizing the affected size of Natura 2000 areas.

6.3.1.3 Discharge of warmegb cooling water in summer

I'n summer , when the water temperature of t he Dant
apply an additional solution intordbserve the.F30° 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 tempe
the Danube over time, as a result of climate change.

In order to meet environmental regulations, the following possibilities were analyzed:

9 Limiting the electrical output of the unit

1 Mixing in cold cooling water

1 Supplemental cooling.
The analyses assumed a 3AC t eg pbaweentthe warm wWateodischérgea s
point and the section 500 meter downstream theref
the discharge point.

Limiting the electrical output of the unit

In the case of this alternative coolirsgisceampliance with the maximum temperature limit permitted at the point
discharge is maintained through the limitation of the output power of the nuclear power plant units. By reducing
output, the amount of heat to be removed frometieeicamad thereféren the case of an unchanged cooling
water mass fldwhe rate of warming of the cooling water is reduced.

Adding cold cooling water

In the case of this cooling alternative, maintaining the maximum allowed temperatureoolirthevateried c

achieved by mixing the excess Danube water that bypasses the turbine condensers from the cold water chann
warm water channel. The excess cooling water required for mixing in cold water is supplied by the excess pun
in tke water inlet plant, which can also be replaced by the pumps in the existing water inlet plant after the units
operation are shut down. The cooling water warmed up in the condenser and the necessary amount of cold we
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in is returned irtfte Danube via the existing warm water channel and an adequately sized structure that img
mixing at the discharge point.

Supplemental cooling

When supplemental cooling is applied, the maximum allowed temperature of the warmed cootiad isater is mair
the cooling of the warmed cooling water that leaves the turbine condensers in a cellular cooling tower with
draught. The volume passed through the supplemental cooler can be optimized. The cooling water that ha
through the condenaed cooled down in the supplemental cooling water is returned to the Danube througf
existing warm water channel and an appropriate structure that improves mixing.

Evaluation

Each of the studied supplemental solutions are suitable for mafatapenatuhe of the warmed cooling water
bel ow 33 AC, as required for discharge into the D

The minimum allowed partial load of the units puts a limit on reducing the output of Paks Il units, while cold wa
may be limited by the availaldeofitie Danube and the total amount of cooling water extraction for Paks and Pak
and the expandability of jointly used structures and aftercooling may be limited by noise. However, under ¢
assumptions, technical limitation factors doenatmenéithe alternatives unfeasible.

The analyses show that the technical, financial and environmental considerations bring forward different benef
of the outlined three solutions, but according to current knowledge, temporapidirtiitad) mitthe of the units

is an optimal solution, both on the basis of the results of life cost calculations, and in terms of environmental [
as it does not entail either additional environmental emission or encroachment on additional areas.

6.3.2 TOWER COOLING

If a wet cooling tower cooling system installed near the existing cold water channel of the power plant is used ft
units, their heat is predominantly discharged into the air. The water taken from the Danube and tieated by ch
only needed to replace the water lost by evaporation, entrainment and elutriation.

In the case of a wet cooling tower system, the cooling water passed through the surface condenser of the stec
is returned to the cooling tower, then with tfetewater distributing sprinkler system, it is evenly dispersed on th
fill media. The water film formed on the fill media cools down again, as a result of evaporation into the coun
ambient air. In order to dramatically reduce entraithmaerdurse of passing through the wet fill formation, all
modern wet cooling systems have fill media and apply an entrainment separator above the nozzles. From the
the cooled water is returned to the cooling water pool, from wheirggtpermipsutatry it back to the condensers.
Evaporation increases the salt content of the cooling water. For this reason, in order to avoid excessive conce
part of the cooling water is elutriated and replaced by treated fresh water.e\teernhesit gust also be
replaced. In order to avoid the deposition of salt on wetted surfaces, the cooling water used in the cooling ¢
treated by chemicals, and to prevent the growth of algae and the settlement of mussels, bioblesatae added to
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6.3.2.1 Analysis of tower cooling alternatives

Separate surveys were carried out for the analyses of the cooling tower options applicable with the new nucle
plant units planned to be installed on the Pald,q#6][957]. The variowadternatives were analyzed in detail
according to the considerations of technical, financial, environmental and social acceptability. In the cours
assessments the following technical alternatives were analyzed in detail within the catdigorg\cfteonser

1 Natural draught wet cooling tower ( approi@Bh

1 Natural draught wet cooling tower limited to 100 m height,

1 Natural draught wet tower cooling, with additional fan cooling,

1 Hybrid (dry/wet) tower cooling
The most important tecthr@baracteristics of the analyzed alternatives are summed up in the following table fo
1200 MW apacity.

. . . Natural Natural draught | Natural draught withf  Hybrid(dry/ wet

for units of 2 x 1200 MW electrical capacity draught with limited he%ght an additiongl fan éwef cgoling)
Number of cooling towers 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] 77.5 60 95 74
Net area occupied by the cooling {éowéve 30,000 61,000 36,000 40,000
units) [A
Accelerated coolant volume rate offlow M 2x136,820] 2x5x27,364 2x 136,820 2x 136,820
Additional coo|an§/[ni] F2x2,900 F2x2,900 F2x2,900 F2x2,600

TablelQ Technical data of wet cooling towers
6.3.2.1.1 Waste heat emission

Based on the literature, cooling tower waste heat and moisture emission are likely to have mainly local impac
atmosphere, under certain weather conditions the probability of eepghénamatia (relative humidity increase,
reduced visibility, fog, drizzle, icindrdsdamay increase, cloud, rain and snow formation may be affected, the pla
of shower formation and the time of rainfall may change. Over the longer teslighthewffeighthe 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 a higher biological a
offset part of the he&nd impact. In addition to climate related considerations, these solutions are recomme
because they are suitable for the reduction of other environmental exposures (air contamination, noise) and t
partial concealment of the facility. én siinations preventive-skidi road treatment 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 result of the continuous elutriation ofs;aolthgvestesr po
water release by the replacement cooling water preparatory technologies. The emitted waste waters contain tf
the chemicals required for the treatment of the coolant circulating in the tower cooling system and the chem
regeerates used for the development of replacement coolant.

6.3.2.1.2 Landscape protection analysis of the studied cooling solutions

The landscape protection considerations and the compatibility of the considered cooling solutions with the I
were analyzed i tiirst 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
towers would be needed for 2xM®Q while only 2 x 5 such towers are required for 2 x 1200 MW.

FilenamePAKSII_KHT_Kozertheto_EN 759273



MVM Pald Zrt Environmental Impact Stuc
Implementatiof New Nuclear Power Plant Units at the Paks Site Simplified Public Summai

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 termsioinipacts on the landscape, but the same can be said of the natural draught \
tower cooling solution 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 anywhere in Hungary or abr

Natural draught wet tower cooling, with a maximum 100 m high cooling tower

Figure28 Natural draught wet cooling tower, maximum 100/n tégh a |  degesvievgand sjdé view)d 6 s

The two natural draught wet coolieig twith additional fans and the two hybrid wet cooling towers with additior
fans can be adjusted to the landscape, they do not show any significant difference. The slightly lower hybri
tower is more favourable because of the lower \isthilapaf cloud, but it has a larger footprint.

Natural draught wet tower cooling, with additional fan cooling

B T

Figure29 Natural draught wet cooling tower, with additional far dodlinga |  degesvievg aridé view)r d 6 s
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Hybrid (dry/wet) tower cooling

Figure3Q Hybrid cooling tower with additioialifaal design

6.3.3 COSTBENEFIT ANALYSISFRESH WATER AND TRWBOLING METHODS

The project costs and operating costs of the two alternatives can be estimated but the social/econon
environmental effects are difficult to assess and the benefits are hard to quantify. For that reason, the en
solutions that have been chiizeboth options offer more or less the same level of risks and ensure compliance
the relevant environmental regulations. The two alternatives have different environmental impacts but may be
as having the same level of social impactu@athgegith the level of risk being similar and compliance with the
relevant regulations ensured, the-bmsesolution can be chosen.

Based on the analyses performed, it can be concluded that both the wet tower cooling system and the fre
cooing system are feasible; compliance with the current environmental regulations can be ensured throt
application of adequate engineering solutions; the risks posed by the various alternative solutions are manage
the various alternative swoisittan be ranked in terms of their cost effectiveness.

From an engineering perspective, with the application of the fresh water cooling system the planned new po
units would offer a higher level of efficiency and electricity yield tttamewitbalirey variant. Also, due to its
similarities to the existing units, the fresh water cooling system has the additional advantage of readily :
operational experience.

The icing caused by the water vapour emitted by cooling towémseimigihtedamage the built environment and
poses risks to the environment in general.

As far as construction is concerned, the freshwater cooling system basically consists of types of structures f
already been built in Hungary. A wet towersgetdimgapplying natural draught technology has not yet been
constructed on such a scale in Hungary.

From an environmental perspective, the fresh water cooling systeinaeyemesttiechemical use, while the
tower cooling system involvestasilal chemical use for the processing of replacement cooling water and t
chemical conditioning of the cooling water circulated in the cooling system.

From the point of view of the impact on the natural environment, the cooling towerswenguaing gystem

are less compatible with the landscape character due to the higher number of towers, even if tower height is lir
noise load, as well as the project cost and operating cost of cooling teagsistedthiriught inducees ar
significantly higher.
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From an economic perspective, it can be concluded that #lotebdiferf the tower cooling system is higher
than that of freshwater cooling.

As a result of the analyses performed, the technologysaindady to thaf the four existing uiiis the
freshwater cooling system. [28]

7 CHARACTERISTICS ANEESIFICATIONS OF TKSI| NUCLEARPOWERPLANT
PLANNED TO BE BURTTTHEPAKS SITE

7.1 HISTORY OF THRUSSIANVVERJNITS

The Russi an manuf dligeneratierruditmodelusrviERn t | y avail abl e

The unitds ther mal capacity is 3200 MW, with a gr
MW.

There unit is available in several versions, the difference between the thpedifferieigt iphilosophy of safety
systems designed by different head designr&é2O@IER Petersburg design, 283 Moscow design).

The VVER200 unit is better in terms both of its economy (unit capacity, efficiency) and availahility (92% uti
factor, 60 years operating life). Besides safety changes, the main circulating pumps have been improved
eliminating oil lubrication), a new fuel has been introduced tiRatbarmspmisons, and the reliability of steam
generators hagen upped. The newly constructed units use integrated, digital control technology.

Through consistent application of the internationally accepted safety nhorms and EUR recommeilidions the V!
unit has practically been elevated to the level cARPESBOreactors.

3Reactor poisons absorb neutrons (and thus reduce the multiplicator effect) without contributing to the chain reaction.
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Figure31 Russian VVER units under construction and planned [7]

In the Russian Federation two-Y2ERunits are being built at the Leningrad Nuclear Power Plant (Sosnovij Bor) ¢
another two at the NovovaloNeiclear Power Plant and are expected to start operation in 2018 or 2019.

The Russian Federation plans to expand its nuclear generation capacity significA2y e UWWER 17
units are scheduled to come online by 2020, with a totaityef 284080 MWe.
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7.2 CHARACTERISTICS OERWYSSIAN UNITS PLANNEDBE INSTALLED GHEPAKS SITE

7.2.1 KEY TECHNICAL PARAFEES

Tablell lists the main technical parameters ef 200ERits:

Reactor heat output 3,200MW

Net deliverable outflepends ahe secondary circuit technologies used) 1113VIW
Operating time 60 years
Planned output utilization factor >90%

Time lost per year due to scheduled major maintenance 20 days
Selfconsumption 7.1%

Type of usable fuel uo

Fuel cycle, time spent bgr&ridge in the reactor 54 months (3 x 18 months)
Campaign length 18 months

Fuel requirement 40.58t UQ/ 18 months
Fuels required (fuel + cartridge) 56.4t/ 18 months
Number of fresh cassettes at the time of replacement (equilibrium 76
Averagenriching of fresh cartridges 4.95%B)
Average burning out in a fuel 47.5 MwdakgU
Controllability 50 % to 100 %, yearly max. 250 units
Number of loops and main circulating pumps (MCP) 4, 4 FKSZ/MAP
Pressure in the primary circuit 162 bar
Reactor inlet / outlet temperature 298.2328.A C
Steam generator 4 units, horizontal
Steam generator outlet pressure 62.7 bar

Total coolant flow rate in the primary circuit 86,000 #th

Tablell Main technical parametéthe VVER200 type uifilt3], [30], [31]

7.2.2 SAFETY OBJECTIVES AMESIGN SOLUTIONS

Design solutions or risk countermeasures app
to achieve the objective

' Doublevalleccontainment structure

| Cooling system

Containment cooling system

| Hydrogen recombination systems

| Core catcher

| Pressure reducing valves

| Cooling system

| Recombination systems

| Core catcher

| Large surface coolers (0 to 24 hours)

T Mobile equipment (betweérn2Hours)

Safety objective

Management of incidents related to the design extension co

Prevention of higtessure processes leading to early breakdo
the containment structure

The treatment of produced hydrogen

Stabilization and cooling of core melt

Containment pressure reduction

Tablel2 Design solutions or countermeasure procedures applied to achieve the objective

The nuclear systems of the unit are placed in -waledbleontainment structure. The inner wall seals the
containment structure hermetiedallg, the outer wall protects the hermetic space from outside impacts (e.g. if
aircraft hits the facilities). The lower part of the containment structure works as a core catcher for core melt.
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The security systems that have a 100% protectioraapac@yarranged in four independent channels. Each safety
channel is equipped with its own diesel generator of 7.5 MW output.

In the case of a breakdown, the systems that provide the cooling of the reactor and the primary circle are augr
4 highpressure hydaecumulators, which keep the active zone under water without operator intervention in the
period of breakdowns that involve significant loss of heat transfer agents in the primary circuit, until the act
malfunction coolingdye ms ( Z} HR/ ZMCS) ki ck i n.

7.3 FUEL

The new nuclear power plant units to be built at the Paks site use enriibridieranium
The fuel will be transported to the site in containers that conform to the relevant legislation, normally by train.

The first chge will be delivered to the site approxiriabelyedrs before the start of commercial operation. Fresh
fuel needed for the replacement of spent fuel will be delivered in conformity with the fuel cycle and the
replacement, on schedule, evenotths during the planned operating life of 60 years. As a strategic supply, fre
fuel equal to two replacements is stored on the site.

After the spent fuel cartridges have been removed from the reactor, they aeptaced pogwhere the
resdual heatan be removed until the heat subsides to the level where the fuel cartridge is suitable for tem
storing. The fuel cartridge can spend maximum 10 years in the spent fuel pool.

After being stored in the fuel pond, the spent fuelsredl|teenporarily. At present, this can be done by either of the
following two options:

- the spent fuels are transported to the territory of the Russian Federation for temporary techno
storage or technological storage and reprocessing. The,speim fbel case of reprocessing the
nuclear waste will be stored on the territory of the Russian Federation for a length of time prescribe
agreement (contract) mentioned in Article 7 paragraph 1 for the supply of nuclear fuel (20 years
subgquently they will be returned to Hungary.

- temporary storage of the spent fuels in Hungary.

In view of the planned operational time of the new units and the periods specified in the intergovernmental ag
we assumemporary storage in Hungasy tle site of the units or in their immediate vicinity. Temporary storage i
used until the fuels can be directly and finally disposed of or the high activity waste resulting from the reproces:
fuels is can be safely put to final storage in Hungary.

Following temporary storage we expect diiiaet digposal of spent fuels in Hungaryiew of the following:

- according to the Atomic Energy Act, one of the conditions for the final disposal abroad of waste ge
in Hungary namely that a raalitive waste storage facility has been licensed for the radioactive wast
to be delivered and has been in operation before thiddebvengt

- owing to the length of the planned operating lifeteire feagibility of other options is qudstionab
and involves significant risks
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7.4 PRIMARY CIRCUIT

Based on the energy generation process, the planned new nuclear power plant units can be divided into two n
the primary and the secondary circuit.

The primary circuit passes the heat generated in the active zone of the reactor (reactor core) to the steam gen
steam generated in the steam generator drives the turbine of the secondary circuit and generates power in the
connected tbe turbine.

7.5 SECONDARY CIRCUIT

The role of the secondary circuit is to transform the heat generated in the reactor into kinetic and then electri
The feedwater flowing in the secondar vy iraui ffowingi t i
through the heat exchange pipes of the steam generator.

The steam leaving the steam generator enters the turbine, where its kinetic energy starts driving the rotor of tf
The high and low pressure blocks as well as the rgtareshitbeshare the same turbine shaft. In the high pressure
turbine block, the temperature of steam decreases whereas its moisture content increases significantly. For th
before the steam gets into the low pressure block, it passes thaingteanseparator and superheater chamber,
where water drops harmful for the turbine blades are removed from it.

Steam that has already done its job (dead steam) enters the condenser, where cooling water flows in thousar
pipes. Onthe surface§ t hese cooling pipes the steam condens
being redirected into the steam generator by the injection pumps thetagé preheliter used to increase
efficiency.

The efficiency of the steam cye3d9s.

7.6 COOLING SYSTEMS

In addition to electric power generation, there is also heat produced in the primary and secondary circuits o
power plants that cannot be used for electric power production, and which is carried off by the cooling systems.

The cooling systems of the planned new nuclear power plant units consist of three main parts:

The role of tlendenser cooling systeisito remove the condensation heat of the steam cyckofrdemsiees
installed in tlsecondary circaftthe nuclepower plant by circulating mechanically filtered Danube water through tf
surface condensers.

Thetechnological cooling systemn the other hand, removes excess heat generaediiiatpsystems of the
secondary circuih new nuclear power plaiis, the technological cooling system removes the waste heat of th
turbineggenerator group, of the injection pump and of the high capacity electric motors via a closed, intermediar

circuit. The technological cooling system branches off stomdhenser 6 s cool i ng systerl
and the warmed up technol ogical cooling water 1is
Danube.

The role of tiemergency cooling systamto supply cooling watéreequipment of givenary circat the new
nuclear power plant that require constant cooling during normal operation of the primary circuit. In addi
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emergency cooling system is also responsible for cooling the units during emeogergiesthoprie@ry circuit

heat and residual heat from the reactor, as well as from the fuel handling sites and the fuel pond. The emergen
system has two alternative operation models. One uses forced air cooled cells that pass dmeexicess heat t
whereas the other uses fresh water to remove the heat, and in this case the final heat absorber is the Dant
Basically, the emergency cooling system operates in the fresh water cooling mode, but if, for any reason

extreme meteomilcal circumstances, extreme water levels, or damage to the water extraction facilities preventir
functioning), it is impossible to resort to this solution in order to meet the needs of emergency cooling,

automatically switches to thengam#ll mode. The planned new nuclear power plant units will be designed with

siteds characteristics in mind, t h e r -edteo coaingtmbde i r
most of the time.

7.6.1 WATER INTAKE FROM TWRIUBE

Dependig on the type of cooling used for the emergency cooling system, the volumes of water extracted fr
Danube are 64.1%srand 66.013w, respectively, for one unit, totaling ¥288dnl32.02/s\ respectively, for

two units. For the purposyaiuating the impacts of water extraction from and discharge into the Danube, alway:
higher values have been taken into account.

If the emergency cooling systenfrashsater technolqdiie total volume of raw water taken from the Danube (for
cordenser cooling, for technological cooling, for emergency cooling anddtar pakeament) is shown in the
following table.

Description Unit 1 x 1200MW 2 x 12200MW
Cooling water for the condenser* s 61.5 123
C.ooll_ng water fechnological uses (secondary T3S 26 59
circuit)*
Safety (primary circuit) coolant* s 1.9 3.8
Raw water for preparing makeup water (desali s 001 0.02
water)
Total water intake from the Danube** /s 66.01 132.02
Annual (8760 h), maximaaling water demand*? billion fhper 2.08 4.16

year

Tablel3 Volumes of water taken from the Danube for the emergency cooling systiemdadiieghmode

7.6.2 COOLING WATER FOR TARIDENSER

The cooling water system of the condenser, just like in the case of the four existing units of the nuclear pov
removes the excess heat with the help of water taken from the Danube, by circulating it through the conder
water of the Danub@xtracted with the help of a water extraction pump, and is fed through the appropriate filtel
pipes to the condensers located in the turbine building.

Based on the examined varieties of condenser cooling systems for the new nuclearspoakengpliand unit
account technical, economical, environmental and environmental protection considerations, the solution of cho
take the cooling water from the river bay, and to discharge warm water by crossingwhéeexistingetadd
expanding the existing warm water channel.

The volume flow rate of the cooling water needed
condenser, and for about 2,0750Mgat to be removed, is expected to bé&/$105 amenit and 1233w for
two units during normal operation.

FilenamePAKSII_KHT_Kozertheto_EN 83273



MVM Pald Zrt Environmental Impact Stuc

Implementatiof New Nuclear Power Plant Units at the Paks Site Simplified Public Summai
Unit output Unit 1 x 1200MW 2 x 1200MW
Volume flow rate of cooling water [31] mels 61.5 123
Volume flow rate of cooling water m3h 221,400 442,800
Warming of coolant inside the conf&itjser AC 8 8
Annual (8760 h), maximum cooling water { bijllion fper year 1.94 3.88

Tablel4 Volumes of condenser cooling water

7.6.3 TECHNOLOGICARECONDARY CIRQUDOLING WATER SYSTEM

Cooling needs apart from that of the condenser of the secondary circuit of the nuclear power plant are me
technol ogi cal cooling system. Water required for
turbine building, whelanches off and is carried along with the help of a properly sized pump increasing its pre:
down to all the users of the technological cooling system. Water warmed up in the technological cooling syste
into the warm water branch of theecons er 6 s cool i ng system. The techn
cooling waters are discharged together into the Danube. The cooling agent of the technological cooling syst
water of the Danube river, which is first filtered faheus®nidenser, and then further cleaned through fine
mechanical filters in order to ensure the safe operation of heat exchangers. Inside the closed intermedian
system of the turbine building desalinated water cools the heat exchangelsgi¢ahedelihg system.

The technological cooling water system is redundant (2x100%), which means that all major parts of the system
2 parallel units, cross connected to each other.

The cooling water requirement of the technological tenliftg epe unit during normal operation is expected to be
9,360 /ih, and for two units 18,720 during normal operation. Transitional operation phases (such as start/stop)
not require significantly different amounts than normal. Calcuhtiotmfcaltevater needs have been made with
a86..oMWheat/unit to be removed in mind, with a t
condenser cooling system.

Unit output Unit 1 x 1200MW 2 x 1200MW
Volume flow rateenfergency cooling water during normg 2.6 5.2
operation m¥s
Volume flow rate of emergency cooling water during no| meh 9,360 18,720
operation
Warming of cooling water inside the technological cooli AC 8 8
Annual, maximum technological cooling water demand | mijllion Riyear 82 164

Tablel5 Technological cooling water volumes[32]

7.6.4 EMERGENCY COOLING RRAREYSTEM

The auxiliary systems of the primary circuit are cooled byeukngesystems built for each unit separately. One
unit requires four identical independent supply systems. During normal operation, one redundant system
whereas during transitional periods of operation two redundant systems are involved.

This sgtem is independent from both the condenser cooling of the secondary circuit, and from its technologica
system. Joint engineering structures are only envisaged for their supply and drainage.

The water demand of the emergency cooling systemmitaltuoing normal operation is expected a¥/B,&t@m
for two units during normal operation at B )68bensame for transitional operating conditions (such as start/stop
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for one unit is 13,68%hmSince for operational reasons the tvaweunids expected to be in a transitional state at
the same time, the combined water demand of the two units is not likely to exceed a volume fléfiv. rate of 20,

Calcul ations for safety water needsentica with thdi efehe ma
condenser cooling system.
Unit output Unit 1 x 1200MW 2 x 1200MW

Volume flow rate of emergency cooling water during ng

operation mels 1.9 3.8

Volume flow rate of emergency cooling water during ng meh 6,840 13,680

operation

Volume flow rate of cooling water mh 13,680 20,520

Warming of coolant inside the emergency cooling systs AC 8

Tablel& Emergency cooling water volumes

Cooling with forced air cooling cells

One possible method of operating the emergency cooling system is to use forced air cooled cells that pass c
heat to the air, the final heat absorber being the surrounding atmosphere. In this case, the emergency coolin
does not extractexxesheat by <circulating the Danubeds water
the river. This is a quasi closed system, in which the coolant circulates between the emergency cooling cell:
heat exchangers of the emergency codény #\fter the system is filled up at start, it is only necessary to replac
the amount evaporated, separated or lost due to sludge removal. This lost amount of water is replaced by the
makeup water preparation system of the plant. The amtb&drdeplacement cooling water is minimal, since the
emergency cooling towers are expected to work about a month a year at most, therefore their demand for Dan
is neglectable compared to other water extraction volumes for cooling.

Unit output Unit 1 x 1200MW | 2 x 1200MW
Volume of makeup cooling water nels 0.04 0.08
Maximum annual demand for replacement cooling water (for en  million f0.1 f0.2
cooling, taken from the Danube) milyear

Tablel7. Volumes oéplacement cooling water for emergency cooling, with emergency cooling towers

Cooling towers using forced air cooling cells for removing the heat of the emergency cooling system are
redundant (4x100% build up) for each unit. (The amoursg of tederviinalized on the basis of safety analyses
conducted at the site). During normal operation, one emergency cooling tower is used and all the others are
On the other hand, at times clipgrstops and cooling sessions followingvst@msergency cooling towers are

in operation.

These 4 emergency cooling cells for each unit are located next to the containment building. The floor are
emergency cooling cells is 17x35 m, their full height is about 15 m, the cellsnthé®selvak, beéiereas the
chimneys above them are about 2 m high. The emergency cooling pumps are located next to the cooling cells
role is to circulate the cooling water between the safety systems and the cooling cell. Emergeay cooling tc
twincell structures, i.e. all cooling cells have two water distribution systems and two fans.

Water warmed up inside the safety systems of the primary circuit is fed to the safety cells and, with the help o
is distributed evenly on thecaaing inlays. The film of water forming on the surface of the cooling inlay is coc
down as a result of a counterflow of atmospheric air. In order to minimize entrainment during this flow across tl
inlay, a separator is used above the odaliagand the nozzles. The chilled cooling water returns from the coolin
inlay to the cooling water pool, and from there the circulating pumps carry it back to the safety systems of th
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circuit. Evaporated and separated water is replacedakguthevater system, which also adds the chemicals
needed for the safe operation of the system.

Freshwater cooling

The second option for operating the emergency cooling system is to use the water of the Danube to remove e»
from the system, whichn is discharged to the river through the warm water channel. In this case the emerg
cooling system can be considered an open system, in which the volume flow rate refers to the water of the
extracted from the river and circulated throoight thechangers of the emergency cooling system. The annual
maximum demand for cooling water in this case is calculated for 8760 hours of operation, since there might

when the systemdés cool i nwgatercopoligygteaml usi vely provided
Unit output Unit 1 x 1200MW | 2 x 1200MW
Volume flow rate of the emergency cooling water during normal oper
(circulated cooling water or Danube water) /s 19 3.8
Annual, maximum demand for emergency cooling water (takanfrtbe)|  million 59.9 119.8
melyear

Tablel8 Emergency cooling water volumes used foafeesivoling

The method of choice for cooling can be finalized after the technological and safety analyses conducted at the
if required, the cooling of safety systems can also be solved by building a spray pool or by cooling water suppl
waterintaket r uct ure i ndependent from that of the condel

The emergency cooling system must comply with the requirement set forth by both IAEA and the Nuclec
Regulations stating that the removal of residual heat from the reambrechestebef the normal procedures of
heat absorption are dysfunctional, and even if such condition is caused by external impacts (earthquakes,
meteorological conditions, extreme cold, wind, snowstorm, aircraft impacts, fires etc.). [32]

7.6.5 WATER ESINEERING STRUCTUREEOOLING WATER BY8S
Existing extended col@ater line

The cold water channel is used jointly by the units of Paks Nuclear Power Plant and Paks Il. Nuclear Power
order to allow the wavater channel drain warm watethfeo@B00 units in 2030, when the existing 4 units will
operate simultaneously with the planned 2 new unitswidiewadramnel must be extended.

Water intake structure

Based on the performed feasibility analyses, the best place for 4y méakeiyeant to serve the new nuclear
power plant units is located about 150 meters north of the existing water intake plant, on the bank of the exis
water channel of the Paks Nuclear Power Plant. The water intake plant consists of dith@53oxc88éenser
coolant pumps and filtering systems (6 to 8 parallel systems for the two units). The water intake plant will i
mechanically cleaned rack, a travelling water band screen and appropriate shuttering panels.

When the safety cootastem is operated with freshwater cooling, water is taken from the Danube by 4 safety cc
pumps per unit, housed in the water intake plant. Depending on design allowing for the site features, the wa
plant of the safety coolant system csezkfeoperate in a significant part of the running time.
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Cooling water pipes

The coolant of the condenser cooling water system (including the coolant of the technological cooling water sy
be carried in underground pipes along a 300 to 400 m long route, above the water intake plant and the turbine
The volume ddaant passing through the cooling water system will be carried by 3 pipes of 3.2 to 4 m in diamete

The coolant in the emergency cooling water system runs parallel with the condenser cooling water system to t
building, and then follows a aepesute to the building that houses the emergency cooling system. The volume
coolant passing through the emergency cooling water system is carried in 4 pipes of 0.5 to 0.8 m in diameter.

Turbine condensers and cooling system heat exchangers

The cooldrflowing through the condenser cooling water system absorbs the heat that must be absorbed dur
condensation of the steam entering the condenser. The heat absorbed in the turbine condenser warms the coc
that passes through the condensient@ipes. The condenser is sized fétr@n & e mper at ur e di f
coolant.

In the case of the technological and the emergency cooling water systems, the coolant passing through
exchangers absorbs the cooling heat from the istefostiatooling water system connecting to the technological
and the emergency cooling water systems. The absorbed heat warms the cooling (Danube) water passing th
heat exchanger pipes. Similarly to the condenser cooling water systewlptidakeatedlihe emergency cooling
water systems the temperature of the cooling wate

Closed warmwvater channels

The warmegp coolant runs from the turbine building towadecattiannel, then along the bridgddaltthae
coldwater channel, passes through the reinforced concrete channel built after the bridgeetoctimeralater
spillway along a route of about 500 meters. Thaigvaoulkaht includes the watmpéadchnological cooling water

that flowsta it in the turbine building as well as the emergency cooling water that pours into it outside the engir
(when emergency cooling is in a freshwater cooling operating mode). The volume of coolant passing through tl
water system will be edrby 2 reinforced concrete channels of 5 x 3 m in diameter.

Aqueduct

The warnedp coolant will be carried to thelexakcontrol spillway by an appropriate new aqueduct built above the
existing colgater channel. The aqueduct will be builbotatetareinforced concrete blocks, with piers located in
the bed of the existing-a@lter channel. The width of the bridge is between 25 and 30 m, the largest span betv
two supports does not exceed 50 m.

Water level control spillway

The function thfe levetontrol spillway is to ensure the condenser coolant pressure required for the reliable opel
of the condenser cooling water system and to provide an option for back mixing warm water into the cold water

New free flow, trapezoid se®ction channel

From the levebntrol spillway to the existingwaten channel a new, trapezoidsaoisn, freflow warmvater

channel section needs to be made of reinforced concrete, including a new fork piece to feed the warm wate
fromthe new units to the existing-watar channel. In the newflisaechannel, warm water is moved by gravitation
towards the existing wamater channel along a route of about 500 m. The planned bottom width diotlie new free
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channel is 16 m, witbhannel width of 80 m (and a freeboard width of 50 m), the 1:2 slope, and an average \
height of about 2.5 to 3 m.

Existing extended waswater channel

After the new fork piece, the wanpneablant is transferred to the return structure thpprgpréately extended
section of the wawater channel. The waroedoolant is returned to the Danube through the appropriately
extended wanvater channel by gravity.

During the implementation of the Paks Nuclear Power Plant, the exittndpaveneh was made suitable for
supplying the warm water requirements of the Paks Nuclear Power Plant as well as 2 x 1000 MW additio
planned at that time. Based on that concept, tvateracimannel was sized for 220 Switability of the warm

water channel for the planned 2 x 1200 MW units was reviewed in consideration of the expected water leve
Danube and of the fact that the existinigvedteontrol spillway of he Paks Nuclear Power Plant limits the maximui
water levels that canniiaintained in the weaater channel.

In order to allow the wamater channel to drain warm water from the 6 units in 2030, when the existing 4 units
operate simultaneously with the planned 2 new unitsywétemaramnel must be extendéal 2825 the volume

of water required for the new units would significantly increase water leweatartochamaehand would render

the performance of waater channel extension more difficult, it is advisable to complete the channtel extensior
will become necessary in 2030 already in 2025.

Existing energy dissipation device with a second discharge point

Warm water can be returned to the Danube with the help of the new energy dissipation device, developed ac
the volume of warm watguired for the operation the existing 4 units and the planned 2 new units.

The implementation of a second discharge point offers more benefits than the extension of the existing
dissipation structure. If a structure is made at the secongalistchbarte area enclosed by thevateldchannel

and the warmater channel, and an energy recovery hydroelectric plant is installed in it, it is possible to imprc
mixing of the warm water discharged into the Danube, and a considerablecainquowef can be regained
while minimizing the affected Natura 2000 areas.
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New energy dissipation structure
with water recuperation power plant
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A\ Energy dissipation
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/ Extended warm'water
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Figure82 Site plan of the existing energy dissipation device and a second, new discharge point with a recovering hydroelec

7.6.5.1 Recovery poweglant

By damming the wavater conduit coming from the nuclear power plant, a gradient can be ensured at the Da
mouth of the wawater channel, which is suitable for the operation of water turbines of approximately 7 to 8 M\
nominal output. Bdson the Danube flow regime and unit operation, nearly 35 GWh energy may be so gene
annually.

The upstream water level of the recovery power plant is dammed by a barrage dam at the end of the wal
channel, with water turbines and direct feeiiims. They include the barring structures setting the course of the
water along with the components required for the operation of these structures, and the lifting equipment anc
facilities needed for servicing and maintenance. Tlamelectiol engineering equipment, the switchboards and
the transformers are located in a separate electrical building next to the hydroelectric plant. The cables |
connection to the power plant and the transmission lines delivering gleaecigratexiconnected to this facility.

The equipment providing auxiliary power, a compressor and an oil station are also located here.

The recovery power plant has an overflow facility that can provide an outlet for the maximum volume of cool
coming from the nuclear power plant without any untoward effect and can channel it back safely to the Danube
water turbines fail to operate or are maintained.

The hydroelectric plant is an autonomous facility is surrounded by its cavitgenmueatoes not require the
continuous presence of an operator. A physical dam and an alarm system secure the property.
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7.7 AUXILIARY SYSTEMS ANUIXILIARY FACILITIES

7.7.1 DESALINATED WATER

A new water gireatment facility is planned in connection witenigiereof the units planned to be built with a
capacity of 3 x 100 percent. 3 parallel units are constructed for the most important elements of the system, wi
Cross connections.

The technology of thetmratment process of makeup watestearfishe following component processes: clarifying,
multimedia filtration, desalinizing with membranesiasdlipashg with deionization, if necessary. The desalinizing
process with membranes consists of three subdivisions: ultra fiteabemosisesnd elecketonization. The
essence of the greatment of makeup water is desalinizing with membranes and an important characteristic «
process is, that compared to the traditional process of calcareous softening and deimnz gt useesalleast

one order of magnitude fewer chemicals and in this way the quantity of the chemicals emitted together with the
waste water can be significantly decreasedtiEa¢npeat equipment provides the necessary suppleoigmgary ¢
water for the cooling towers of the safety of cooling water system. The water quality required for the suppl
cooling water can be obtained from the intermediate procedeeafittenpe makeup water, after the desalinizing
process vitmembranes. Consequently, the preliminary stage-édbmemteof makeup water has a higher
capacity (depending on the storage of supplementary cooling water and the requirements for the quality of we
cooling towers) and the volume af tat goes through the fine desalinizing is not more thfaethveatzdt
demands of the primary and secondary circles.

Depending on the two possible ways of operations of the emergency cooling water system, the makeup w
treatment equipmeido has two possible modes of operations. Since the cooling tower operating mode o
emergency cooling water system is available only for a short time (a few days in a year, probably not more thar
we have supplied the data for the watee ldltmec prgeatment equipment of makeup water for the characteristic
mode of operation, when the emergency cooling water system is cooled by fresh water and there is no requir
supplementary cooling water.

Based on the above, the raw watendlefrthe piteeatment equipment of makeup water for one unit is expected to
be 36 #ih and for normal operation; of two units it is expectedto. G&Dlanned annual raw water demand of
the two units is not expected to exceed 640,000 m

Desciption Unit of measure]  1x1200MW 2x120MW
Raw water (from the s 0.01 0.02
Danube)

Raw water (from the mh 36 72
Danube)

Waste water mih 12 24
Generated mh 24 48
desalinated water

Tablel9 Water balance of the makeatpr préreatment plant during normal operation

The function of the desalinated water storage and distribution system is to store and deliver desalinated wa
desalinated water consumers in the primary circle, the turbine buildingraridditidesuxiliee makeup water pre
treatment plant and the desalinated water storage facilities must jointly satisfy the simultaneous maximum de
water requirements. The expected desalinated water requirement of the new nuclear p@dariplanthmits i
case of one unit during normal operation, and for two units during normal op#hatidre 18gf2drdesalinated
water requirements that arise during interim operational states are met by desalinated water from the desaling
storage. As interim operational states last only a few days a year, the desalinated water requirement fol
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operation is predominant. The combined annual desalinated water requirement of the two planned units is not
to exceed 420 thousafd m

The waste water of the joint makstep prereatment facility of the new nuclear power plant uriiis dudign
normal operation in the case of one unit, &fddd4#ing normal operation for two units. The annual volume of the
waste water geatrd by the makewupter prreatment plant is not expected to exceed 220 tHousand m

The waste water generated in the nveddenpréreatment plant during the individual technological partial processe:s
is collected and stored in the interim wasteolledtion store. The waste waters generated in the various processe
are mixed and checked before discharge for compliance with the relevant emission limits. If needed, they are «
neutralized. Waste water is discharged to the technieaémnsystem of the power plant. [32]

7.7.2 TECHNOLOGICAL WASTETER
7.7.2.1 Radioactive waste water management system in the primary circuit

The primary circuit waste water management systetneetdiemnts, stores the radioactive waste water produced in
normal operation. This system also receives the potentially radioactive waste waters of the turbine building sys
elutriation of the steam generator on the supply water side).

One of theely tasks of liquid radioactive waste handling is the selective collection of different types of waste we
the basis of the basic physical and chemical properties of waste waters. By separating active and inactive wa:
the selective collectidrwaste water can significantly reduce the amount of different categories of waste waitir
final disposal. Most of the radioactive waters are returned to the proper technological process of the primary ¢
the required treatment operalibegadioactive waste waters which cannot be fed back into the technological proc
go through a cleaning technology line and in the end the separated active contaminants are condensed and
required. After treatment and disposal, the trems@dnadioactive waste water with radionuclide concentration is
discharged into the warm water channel from the primary circuit waste water system through a controlled eje
after a control tank.

The expected average maximum annual andchailyedds treated waste water from the radioactive waste water
system is shown in the following table.

Description Unit of measurel  1x1200MW 2x1200MW
Normal operation mh 5 10
Annual waste water volum| thousand #per 44 88
year

Table2Q Volume of primary circuit liquid radioactive waste [32]
7.7.2.2 Turbine building waste water management system

The waste water treatment system of the turbine building collects and processes the waste water of the turbin
ard the auxiliary equipment. This system only treats non radioactive waste waters.

The turbine building waste water management system can be divided into three subsystems:

1 closed condensate collection system;
1 leachate collection system;
9 industrial waste erasystem.
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I'n nor mal operation the waste water of the turbin
water system and does not become waste water. The waste water of the leachate collection system and the
waste watesystem is discharged as waste water after proper treatment, neutralization or oil removal. The vo
waste water is shown in the following table.

Description Unit of measurel  1x1200MW 2x120MW
Normal operation m3h 20 40
A I t t I 350
nnual waste water volume thousyaer;c: fper 175

Table21: Volume of liquid waste from the turbine building

The combined annual waste water volume generated in the turbine building and in the auxiliary facilities o
planned units is mapected to exceed 350 thousand m

After proper inspection and making sure that discharge limits are met, the waste waters collected by the wa
collection systems are discharged i ntsysteh.fB28] war m w

7.7.3 WASTE WATER FROM EBERCY COOLING TOWERS

If the emergency cooling water system is operated in the cooling tower mode, the cooling system must be |
during heat transfer, because of the evaporation taking place in the codlithg tooveesramation getting in with

the air, in order to limit the concentration of contaminants in the cooling water. The waste water of the elutriatic
required when the emergency cooling tower is used is passed into the Danube thrateglothiewwdrannels
together with the warm condenser cooling water. Its quantity is smaller by orders of magnitude than the quan
condenser cooling water.

If the emergency cooling system is operated in cooling tower mode, the wasteowatiee etuheéstion of the

cooling tower. Practically, the elutriated water is produced when the water which is partly desalinated in the
water preparation equipment is thickened by evaporation in the cooling tower. The followingatsiilesbbws the gt
waste water coming from the cooling towers broken down by hour and year with the assumptions made for ope

Description Unit of measurel  1x1200MW 2x1200MW
Waste water from the elutriation of the waste water in em mh 36 72
cooling towers
Annual maximum average waste water quantity (assumir| - thousand #per 26 52
month operating time) year

Table22 Maximum volume of waste water from the emergency cooling towers after elutriation

For the two nawnits, the combined annual quantity of the waste water stemming from the cooling tower opera
the emergency cooling system is not expected to exceed 52.thousand m

After proper inspection for meeting the discharge limits, the waste watmes djsobsaaited] into the warm water
channel by the turbine buildingbés waste water sys

7.7.4 DRINKING WATEFCOMMUNAL WASTE WATER

Source: Decision support analysis of the various aspects of drinking water supply to the new NPP units ohBaksgnd\tfisewage
ERBE Zrt. {8]

Studies suggest that the best source of water for
systems, and the best communal sewage treatment system would be the water treatment facjlity and its
equipment operating on the premises of the Paks Nuclear Power Plant, both for technical and business reason
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The maximum quantity of drinking water will be needed when the fist unit begins operation and the construct
second unit is under aiathe same time, with a maximum quantity ¥d#®g46nith 95% of this, orsgikt day
becoming sewage water.

Cs&mpai iW?sAmptae Wag er wor ks

Figurd3Locati on of the Cs8mpa Waterwor ks][ 3:

7.7.5 RAINWATER

Rainwater drained from the yards and roofs of the new nuclear power plant urAitsngarditiatedosurface
waters collected from other areas are directly fed into the warm water channel.

Clean and potentiallycailtaminated rain waters are edllseparately in the operating area. In order to catch
rainwaters potentially contaminated with oil, oil traps of the required size will be installed in the overground c
Transformer foundations will be built with adequately sized shhfisatrcstotdated rain water and oil traps will

be installed to manage oil leaks. The rainwater collected from the area around the oil tank will also be passe
the oil trap. Rainwater free from oil is drained together with the clean rain water.

7.7.6 HREWATER

The new nuclear power plant units will have a common fire water network, which will receive water from the |
system of the new units. A maximumnaftBB8w water will be fed into the fire water basin through a pipe. The fir
water suppsystem will be built in accordance with the fire protection plan to be prepared later.

7.7.7 RACKING AND STORAGEQBIEMICALS

The planned new nuclear power plant has its own unloading and storage system for chemicals. A chemical |
and storage system neeg extracts, stores and treats all the chemicals used by the power plant in a separate ro
the water preparation building. A supply of chemicals sufficient for at least 30 days neadmtptbe storedl

operating mode of the powergdanbasis. In order to ensure that the chemicals do not contaminate the environm
proper damage prevention basins will be installed. There will be chemical collection basins and floor pits ar
chemical storage tanks in the chemical storagetb@itsure that potentially leaking chemicals could be passed tc
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the chemical waste water treatment system. There will be proper chemical forwarding pumps installed at the
storage tanks. There will be an appropriate pneumatic system rfomlimogiiradhemicals. The-paeked
guantities of the stored chemicals will be moved by trucks or hoisting machines.

Description Stored quantity
Hydrazine and ammonig
storage

Ammonium hydroxide 1nmd
Hydrazine 3t

Hydrogen storage 13md
Chemicatoreroom
Nitric acid 4ms
Sulphuric acid 7

Water treatment plant

Hydrochloride acid 53nm#
Sodium hydroxide 40m?

Boric acid storage 2x 3

Table23 Storing chemicals during operation

7.7.8 DIESEL GENERATORS

Emergengyower is supplied to the safety systems by 4 diesel generators per power plant unit, each having an ¢
~7,5 MWe, with the fuel heat input being 18,3&r ¥vierator. Each one of the diesel generators is capable of
supplying the required anafuglectric power in the case of an emergency shutdown. For a safe shutdown, 168 h
of uninterrupted diesel generator operation must be ensured for each power plant unit. Consequently, the tot
capacity required for the operation of oreaygassuming a fuel heat input of 42 MJ/kg; specific weight of 0.83 kg
and a degree of efficiency of 40%) is ~325 m3. In order to ensure the level of redundancy necessary for
supply, each diesel generator device will be equipped raith fuaeiaak capable of holding the amount of diesel
fuel required for 168 hours of uninterrupted opert
2600 m3) of diesel fuel will be available in the buildings where thratdiessaiagarstalled.

Under normal operating conditions, any planned operation of the diesel generators can take place for test purp
meaning an average test run period of 8 hours per generator per month, with each generator tested separ:
maxi mum duration of test operation is 818112, tha

7.7.9 SECONDARY BOILER

In order to supply the amount of steam required for the acceleratiomp off the staits during the implementation
phase and the operating period, 2 auxdisiysteEam boilers, each with an output of 15 MW, will be installed. Pow
will be supplied to the boilers via the 10 kV electrical network, and the combined steam supply capacity of the |
be 46 t/h at 12 bar and 192AC. [ 34]

7.7.10BUILDING SERVICES

~

The purpose of the nuclear power plantdéds HVAC (H
reduce the spread of radioactive substances within the facility, and to provide the air conditioning key for maint
standard condits necessary for the personnel and/ or equipment.
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7.7.11COMPRESSED AIR SUPSYSTEM

The compressed air required by the primary and secondary circuits is supplied by the compressor substatior
dryer equipment. Generally, compressed air is sugplpdnaryhand secondary circuits by two compressed air
supply stations per unit.

7.7.12 DISTRICT HEATING SERT
The purpose of the district heating system currently in use at the Paks Power Plant is to:

1 supply warm water to the primary circuit of the heggrexch#me heat distribution centres located at
residential districts, thus providing heating for these districts;

1 supply the City of Paks with warm utility water and to feed warm water into the heating system of the
plant.

The peak hestquirement of district heating is estimated ats@0tMV¢urrent system is oversized and has some
redundant capacity. The district heating system was built in a network structure including an outgoing and a re
pipeline (nominal outgoing/retu t e mper at ur e: 130 / 70AC, or in the
complete with heat exchangers and pumps, as well as valves required for their disconnection.

The district heating system consists of the following three main components:

1 Haeat distribution centers (heat exchangers);
1 Circulation system;
1 Replacememtater system.
Within the context of the implementation of the new power plant units, the design of the district heating syst

established will be equivalent to the eysstidng, shat is, from the branches of the newly installed turbines the stea
would be conveyed to a common distribution pipe, and heat exchangers would be installed after the manifold c
on heat requirements, subject to an output of approxikiatelyh@Oentire system including heat exchangers,
circulation and manifold would be installed in a separate building section (separate building). [35]

7.8 CONTROL ENGINEERING

The purpose of the control engineering system is to ensure a safe and refiahle eoatgyl production
processes at the power plant, and to reduce the likelihood of failures, breakdowns and accidents to the
acceptable level. The control engineering system ensures comprehensive monitoring and automatic contr
technalgical and energy production processes, generates a warning message when detecting anomalies, and
eliminate such anomalies by applying the appropriate redundant solutions.

The continuous monitoring of processes and equipment that arethegopedafion of the power plant but
represent a load / exposure for the natural environment and the human population is ensured through th
monitoring equipment and systems that are controlled independently of the technological processes.
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7.9 ELECTRCAL SYSTEMS

As far as environmental load is concerned, the power plant electricity supply system of the new units consists
phase interplant transformers and-phlssereserve mains/starting transformer per unit. [36]

Main transformer

Effeave power: min. 120@k8/ (about 15004%/A)

Quantity3 single phase units

Oil quantity: aboutt&@skinglephase transformer; about@7¥ 3 singephase transformers
Maximum noise load: abodB7&ansformer

Normal internal use transformer

Effective power: about¥ (about 3OVA)

Quantity: min. 2

Oil quantity: aboutt@8stransformer; aboutt6@s/ 2 units
Maximum noise load: abodB7@ansformer

Reserve mains / starp transformer

It is recommended to consider the useast ah&transformer for each unit with a power equivalent to that of
normal internal use transformer.
Effective power: aboud¥ (about 30VA)

Quantityt
Oil quantity: aboutt88s
Maximum noise load: abodB70

The estimated total oil quanthg ofiain, interplant and reserve transformers listed abdemsdinit70

There will be damage prevention basins under the transformers to prevent any possible oil contamination.

7.10 QVIL ENGINEERING

7.10.1FOUNDATION LAYERST®IE PLANNED UNITS

At a depth 00In the geological formation is generally made-gmufdihdcaohesion, crumbly sediments. The
finegrain sediments are generally compressible layers with varying consistency, low plasticity and load bearing
Underneath these layers Itwal fplain formation is moderately compact, suitable for foundations with proper |
bearing capacity but because of its grain distribution it is sensitive to erosion and dynamic effects (e.g. an ea
and is susceptible to liquefaction undeMudtlyr.clay lenses may block the path of rainwater into the ground, an
form so called pendular water lenses. The level of hanging water lentils is always higher than the level of grour
an average ground water level.

Pakd | . The geelottneduture Rak<0ll,Naclear Power Plant was recorded at 97 mBf.
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Taking the assumed initial basic data into account, the estimated foundation depths are as follows:

X

Reactor building complex (nuclear island), turbine building, diesel getlezatovddings that are
part of the safety system. Estimated foundatiomulepththe space required by the technology and
the significant dynamic loads of the turbo machinis gbmuyp 120 m. Plate foundation supported by
reinforced concreies are planned for this sites.

Other building that are not part of the safety system Deepened shallow foundation or plate foundati
on partial soil replacement is planned for other separate buildings that do not contain techno
equipmentsalting in significant dynamic use. The estimated foundatie® mepth is 2

7.10.2INSTALLATION SITE RL@F THPAKSIINUCLEARPOWERPLANT

On the installation site plan prepared for the environmental impact assessment study, the buildings and edifi
aranged on the basis of technological considerations, taking the technological units with the maximum
requirement into account. Due to functional, building physics, structural, seismic design and fire pre
considerations the layout and tlsens@ebe subject to change.
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Figured4 Installation site plan of Pdk&eneral map
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7.10.3CHARACTERISTIC FEAEBROMPAKSII BUILDINGS AND EDESC
e
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Figure35 Location dfie Paks Il buildings and structures on the installation site plan

Description of the Paks Il buildings and edifices are detailed to the extent required for determining the basic d
environmental impact assessment study and are basedhardats protvvided by the suppliers. Where there were
no data, the structures of the existing nuclear power plant were used as a starting point. All the buildings and €
the construction site must be adequately sized for fire protectiordasigjseismic
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7.10.4ViSUALIZATION ®&BKSII

Views of the building complexes of Paks -develfrannd ¢t F
the following perspectives:

1 View 1: Viewed from seugbt, from the area between the Paks NucleRfdvard Paks Il
1 View 2: Viewed from a neetstern direction, from the corner of the temporary constraction area

Figure86 The pl anned units and fisoethvdsDO kV | ine fror

Figure37. Visual design of the planned units and the 400 kV dmecitsayghwest
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VIEW2:

Figured88The pl anned units and ftihoghwestO O kV | i ne

Figure3a The planned units and the 400 kV lindeatedyeorthwest
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7.11 ACCEPTANCE CRITERDRFHE INDIVIDUALDES OF OPERATION

7.11.1NORMAL OPERATION

. Frequency Exposure of the populationadditional
Operating _ . L
I Description (probability) radiation
condition — —
f[Liyear]) Criterion VVERL200 projection
TADBCL | Normal 1 20 &S < 2 eSvl/y
operation

Table24 Acceptance Critdrimormal operation [30]

7.11.2DESIGNBASISCONDITIONS

Operg_tlng Description Frequeh_cy Exposure of the populatlon to additiona
condition (probability) radiation
f [1/year)) Criterion VVERL200 projection
TA2/DBC2 | Expected operational events f & 1(¢ 100 ¢Sy < 60 &Sv
TA3/DBC3 | Lowfrequency design basis condition failurd 102> f 4 O 1 mSv/event < 1 egSv/
TA4/DBC4 | Very low probability design basis failures 104> f %O 5mSvievent < 3.4 mSv/event
According to the NSR, the dose the popul ati onthei s e
criterion set out in the table (100 e€Sv), but excee

Table25 Acceptance CritariBesign Basis Condition [30]

7.11.3EFFECTIVE INTERNATBORNOHUNGARIAN REQUIREMERDRDESIGNEXTENSIORONDITIONS

EFFECTIVE INTERNATAOMNCHUNGARIAN REQUIREMES PERNSRVALID 0iOCTOBER0,2014)

Volume 2 GENERIC NUCLEAR ISLAND
REQUIREMENTS

Chapter 1 SAFETY REQUIREMENTS

Appendix 3 to Government Decree N
118/2011. (VII. 11))

Nuclear Safety Regulations

Volume 3Nuclear power plant design
requirements:

Decree No. 16/2000. (VI. 8.) of th
Minister of Health on the executio
of the individual provisions of Act

CXVI of 1996 on nuclear energy

2.5.10ftsite release Targets for Severe Accidents
2.5.20ftsite release Targets for Complex Sequenc
Appendix B ICriteria for Limited Impact for DEC

3.2.4.07060r a new nuclear power plant
the limited environmental impact criterion

if the following items are verified for e
resulting in BEC1 operational state and

events resulting in a DEC2 operational

also taking into account the provision
Section 3.2.2.4100. in the latter case:

Intervention levels applicable tg

emergency exposure to radiation

Intervention levefhe valueof the

avoidable equivalent dose or effeq
dose which require consideration of
intervention measures when reached.
avoidable dose or derivative value
exclusively applicable to the radiation
or routes subject to the particular mea

No Emergency Protection Action beyonch8@@m
the reactor during releases from the containme
structure

Emergency Protection Ac#ations involving publi
evacuation, based on projected doses up to 7
which may be implemented during therayeggese
of an accident, e. g. during the period in which sig
releases may occur. This period is generally short
7 days.

a)beyond a distance of 800 m from the ny
reactor, there is no need to take ¢
emergency measures, i.eptpalation does
not need to be urgently evacuated

Stayindoors: 10 mSv effective dos|
within a period not exceeding 2 days

Rescue:50 mSv effective dose within
period not exceeding 1 week

lodine profilaxis: 100  mGy bound
swallowed thyroid dose

no Delaye Action at any time beyond about 3 ki
from the reactor

Delayed ActiorActions involving public tempor|
relocation, based on projected doses up to 30

b) beyond a distance of 3 km from the nu
reactor, there is no need to take any provi
measures, i.e. the population does not ng
be temporarily evacuated;

Temporary evacuatiorB0 mSv/month
effective dose (termination 10 mSv/m|
effective dose)
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EFFECTIVE INTERNATAOMNCHUNGARIAN REQUIREMEMS PEFNSRVALID 0iOcTOBER0,2014)

Volume 2 GENERIC NUCLEAR ISLAND
REQUIREMENTS

Chapter 2 SAFETY REQUIREMENTS

Appendix 3 to Government Decree N
118/2011. (VII. 11))

Nuclear Safety Regulations

Volume 3Nuclear power plant design
requirements:

Decree No. 16/2000. (VI. 8.) of th

Minister of Health on the executio
of the individual provisions of Act
CXVI of 1996 on nuclear energy

caused by ground shine and aeresoe$pension,
which may be implemented after the practidahend
releases phase of an accident.

no Long Term Action at any distance beyond 80(
from the reactor

Long Term Actiokctions involving public perman|
resettlement, based on projected doses up to 5C
caused byrgund shine and aerosesuspension.
Doses due to ingestion are not considered ii
definition.

c)beyond a distance of 800 m from the ny
reactor, there is no need to take ¢
emergency measures, i.e. the population
not need to be urgeetigcuated

Final evacuation>1 Sv/ life effective
dose

limited economic impact restrictions on the
consumption of foodstuff and corps shall be lim
terms of timescale and ground area

d) only limited economic impacts are pog
outside the arebtbe power plant.

Appendix B 2Release Targets for Design Ba
Category 3 and 4 Conditions

(1) no action beyond 800 m
(2) limited economic impact

3.2.4.0100For processes starting from in
events resulting in a DBC2 to 4 operating
it shall be verified that the exposure o
reference group of the population does
exceed:

a)in the case of a new nuclear power plant

aa)the dose limdpplicable in the case of
process that starts from an initial event res
in a DBC2 operating

aa) the 1 mSv/event value applicable in
case of a process that starts from an
event resulting in a DBC3 operating state,

aa)the 5 mSv/event applicable in the casg
process that starts from an initial event reg
in a DBC4 mode of operation.

Appendix 2 to Decree No. 16/2000.
8.) of the Minister of Health

| Action levels of dose limits and radol
concentrations applicable to employee|

4.2 The total exposure of the membe
the population to external and inte
radiation from artificial sources, other
exposures related to medical diagn
and therapeutic intervention purpo
patient carand voluntary participation
medical research, may not exceet tl
mSy effective dose rater annum.

Under special conditions and for an
individual year, OTH may permit

higher dose rateprovided that for 5
consecutive years following that lyear
average individual exposure to radig
does not exceed the 1 mSv effective

per annum.

Irrespectively of the above limit on
effective dose, the annual equivalent
rate for eye lenses is 15 mSv. The an
equivalent dosage rate fon skireraged
out for any 1 crhand limbs is 50 mSv.

Table26 Effective international and Hungarian requirements for Design Extension Conditions
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7.11.4DESIGN BASIS EVENTS

For each individual operational state of the20UERItshe events resulting in the highest environmental emission
within the particular operating state can be determined. The events qualifyisis 45 ekdgigrvn events can be
finally reviewed on the basis of the detailed technical specifications.

7.12 CHARACERISTICS OF IMPLENIEIAPAKSI |

7.12.1INSTALLATION AREASFAKSII.AND ASSOCIATED FAUES

In the course of implementing the new nuclear power plants, the construction of the technological part of the p«
and the associated facilities requiogefation will affect the following areas:

Paks INuclear power plant

1 Service area for the construction of the powlem|aorary construction site
1 Construction area of the new nuclear power plapeuaiisg area

Associated facilities
Freshwater intake from the Datnife/ater channel, water intake structure

Draining warmag coolangéirea enclosed by the caidl waravat er channel s (Ai sl
of the energy recovery hydroplant

Unit lines and transmission lines

Routeof the 400kV unit line and 120kV transmission line to the new substation

7.12.2PLANNED STAGES IN THELEMENTATION eRKSl|

The process of implementing the new nuclear power plant units consists of the following main steps, whicl
started in possessidithe required and effective implementation and construction permits:

x Activities preceding construction

Preparation of the temporary construction area, landscaping

Demolition of the buildings, structures and pavings at the construction site
Replacemendismantling of the line facilities on the construction site
Removal / transfer of plants from the construction site

Removal / selective disposal of the topsoil

Infrastructure building

o Building offices and sanitary units for the constructors

OO0OO0OO0OO0OOo

x  Building andgtallation activities

o0 Excavation of the construction pit

Building the cutoff wall and / or thepdbeeall

Foundation work

Dewatering the construction pit up to the level piling and foundation reach above groundv
Building the reactor compleje@rusland) and the connected turbine building

Construction of separate buildings not containing technological equipment

Construction of the water intake structure

Building the associated facilities

OO O0OO0OO0OO0Oo
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Extension of the celdd warrwater channels

Building. new warwater channel branch

Building an recovery hydroelectric plant

Building cooling cells

Building the unit lines and the transmission line

Technological fitting and installation

0 Landscaping and earthworks at the premises of the power plant

O O0OO0OO0OO0OO0o

x  Processepreceding operation

o Commissioning

Test runs

Individual tests of equipment (safety asafatgh

(Complex) test runs of technological (safetysaidtypsystems
Insertion of the first charge / tests

Unit test runs

Grid connection

Test run

o Warrantyneasurements

O O0OO0OO0OO0OO0OO0o

The associated facilities subject to separate licensing (the new electrical substation, the spent fuel interim stc
be implemented in adjustment to the time schedule of unit implementation.

7.12.3DRAFT TIME SCHEDUORFHE IMPLEMENTAT@® PAKSI|

The expected dates during the implementation period are given in the following table, presuming an unc
licensing and that 5 years pass between the implementation of the two units:

Activity Paks Il

Unitl1 | Unit 2
Start of environmelitansing 2014
Demolition on the implementation site 20172022
Preparation of construction and implementation plans for licens 20182019
Landscaping, earth moving 20182019
Obtaining the permits and licences required for the start of impl 20182020
Start of implementation 2020 2025
Foundation work 20262021 20252026
Building and fitting structures 20222023 20272028
Tests and commissioning 2024 2029
Insertion of the first charge 2024 2029
First grid connection 2024 2029
Test rustart date 2025 2030
Start of commercial operation 2025 2030

Table27 Operating time schedule of the Paks Il units

7.12.4HUMAN RESOURCE REGMIRNT DURING THELUEMENTATION PERIOD

The time required for the implementation of a unit is about 5 years. The starting date of the implementatic
second unit was taken into consideration-yatrsisterval after the first unit. If one unit is implemented (based ot
reports fromelsupplier of the technology) we calculated with maximum 5250 persons in the implementation peri

I n respect of the time schedule of employment, we
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FiguredQ Site staff workload diagransidered for calculations [33], [37], [38]
7.13 CHARACTERISTIC FEAESROF THE OPERAT@MPAKSII

7.13.1DRAFT TIME SCHEDUIFETBIE OPERATIONXKSII
Pakdl Unit 1 of Paks Il will start commercial operation in 2025 and Unit 2 will start comm@e@38l. operation in
The scheduled life of the planned nuclear power plant units is 60 years.

Presumably, an extension procedure will be conducted for the operating time of units 1 and 2 of Paks II, howe
study the related impacts are not discussed.

7.13.2HUMAN RESURCES REQUIRED FEBE OPERATION OF NHEV NUCLEAR POWERNPLUNITS

Based on the analysis of ERBE, if one unit is in operation, 600 people may be employed as permanent staff,
400 employees working in core time and 200 employees wiski@f timeshFO shift workers, assuming 5 shifts
and a 3hift daily work schedule, 120 employees/day are required in addition to the core time employees. So
reckon with 520 employees being on site every day.

Following the commissioning of unit @n®loyees will be required for the operation of the two units, of whom 3(
employees will be working in shifts and 500 employees will be working in core time during the day. Of the
workers, assuming 5 shifts anshit3laily work schedud®, dmployees/day are required in addition to the core
time employees. So we can reckon with 680 employees being on site every day.

The operator headcount does not include those who perform maintenance duties because considering the
practice a sidioant part of these tasks will be outsourced.
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Based on the data provided by the nuclear power plant supplier, the additional headcount demand for the majc
each unit expected to be carried out every ten years is approximately 1 0@3, 20t@ictoiectirde employees
during the day and 800 shift workers. Assuming 5 shifshifindady3work schedule, 480 employees/day are
required in addition to the core time employees. So during the maintenance period we can reckon with 680 e
being on site daily in addition to the operator heaed®f&LgJ6 [619] [37], [38]

7.13.30PERATIONAL PROPERTIF THE NEW NUCLPARVER PLANT UNITS
7.13.3.1Controllability, availability and maintenance

The electrical output of the new nuclear powaitphaiit be controllable between 50 and 100%, and it will be able t
operate both in lefatlow and island modes. The load change speed of the units is 5% (60 MW) / minute in both
and down direction. The expected annual availability ofdleampowen plant units will be >90 %, including also
the annual minor repairs and the transfer time of spent fuels. Overhauls are expected to be performed every
each requiring about 1 month. The expected time requirement of annual E@icaérateedays (fuel transfer

and minor repairs), while the expected time of major stoppages is 30 calendar days (overhaul of secondary ar
circuits).

7.13.3.2Annual power engineering data of the new nuclear power plant units

Description Unit of measure Value/unit
Peak capacity usage hours hlyear 8,147
Installed electrical output (gross) MW 1200
Selfconsumption MW 87
Electric power generated per unit GWh p.a. 9,776
Electricity delivered per unit GWh p.a. 9,068

Table28 Annual power data

7.13.4ANNUAL MATERIALS ABNIERGY BALANCE OE THEW NUCLEAR POVPERNT UNITS

The annual materials and energy balance was determined by taking into account the annual operating tim
hours) relative to the technical availability land fol 2 x 1200 MW units. Depending on the main equipment
selected, the values in the table may be subject to change.
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Description Unit of measure Value
Annual gross electric power generation GWh p.a. 19,552
Selfconsumption of electricity GWip.a. 1,418
Annual net electric power generation GWh p.a. 18,136
Fuel requirement t/18 months 64.6
Fuels required (fuel + cartridge) t/18 months 96
Strategic fuel charge t 225.6
Oil consumption
Bulk oil in steam turbines m3 ~240
Bulk oil itransformers t about 804
Oil for main transformers t about 54
Oil for normal internal use transformers t about 13]
Oil for reserve internal use transformers t about 66
Lubricant and hydraulic oils tlyear 20
Diesel generators /168 hours 2,600
Generator hydrogen cooling 8me
Lubricant grease kglyear about 28(
Water requirement
Technological water requirement
Condenser cooling water (including technological cooling water) million Riyear a 300
Desalinated water thousand?® 640
Communal water requirement e per year 25,276
during maximum requirement (first unit is operative, second units is in the progress of cq n®per year 235,79
Consumption of chemicals
Hydrochloric acid (33% HCI) nmflyear 640
Sodium hydroxid®)0% NaOH) nmflyear 480
Ammonium hydroxide m? 15
Hydrazine t 32
Nitric acid m? 51
Sulphuric acid s 80
Boric acid t 62
Other chemicals of the watdrgatment plant (chlorine removal chemical, antifouling agent t/year 25
Technological waste water
Waste water from the watetrgamément plant ;i;c;lisand foer 200
Volume of primary circuit liquid radioactive waste ;r:a(;L;sand fper 88
Turbine building and auxiliary facilities, liquid waste water ;t:ac;lisand fer 350
Communal waste water mper year 24,012
during maximum generation (first unit is operative, second units is in the progress of con meper year 224,110
Wastes
Radioactive wastes
Lowactivity radioactive waste mPper year 140
Formatioactivity radioactive waste e per year 22
Highactivity radioactive waste mper year 1.0
Largesize, unmanageable radioactive waste (generated in the course of maintenance/im meper year 10
Conventional, ndioactive wastes
Nonhazardous waste tlyear 800
Hazardous waste tlyear 100

Table22 Characteristic features of the operation of Paks Il
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7.14 DECOMMISSIONING THEMNNUCLEAR POWERNTAINITS

7.14.1DECOMMISSIONING STRAY FOLLOWED DURMEDISMANTLING OF THEANNUCLEAR POWER
PLANT UNITS

In this EIAS the immediate dismantling option is considered for the decommissioning of Paks Il taking into ac
international trends and the following considerations:

- current legal regulations guagdhat the resources needed for dismantling will be available at the en
of the operating period

- final placement can be ensured for the radioactive waste produced during dismantling withi
available time span

- therds no reason to worry that the knowledge required for dismantling will be lost.

The process of dismantling a nuclear facility, thus that of a nuclear power plant is a long and complex acti
currently valid scope of the actual dismantlingeiaslesign and detailed elaboration are always specific of the site
or facility and significantly depend on the strategy chosen for the dismantling of the facility. The dismantling
used after the real shutdown of the units will be deterroimébediasis of detailed analyses with a far broader
horizon. Optimization of the shutdown strategy to be selected in the future will have to be performed w
framework of the development of the national program in compliance with/Diiegtatera0dfithe European
Council. [62]

The licensing of decommissioning and disrerdam in 60 years but no later than in abewtiR®@@e to be
carried out for the actual status, taking into account the legislative environment. [39]

7.14.2HNANCING AND COSTFSDISMANTLING ACTIES

According to Article 62 (1) of Act CXVI of 1996 on Atomic Energy the costs of dismantling nuclear facilities |
financed from a separate state fund, the Central Fund for Nuclear Energy (CFNE).

The body amaging the Central Fund for Nuclear Energy is the ministry directed by the appointed minister.

In the course of the implementation of the new units preparations should be made for the transformation of tl
which would allow among others thenfrafrtbie dismantling of the new units.

The costs of dismantling can only be estimated according to the present level of knowledge. Based on
forecasts the prognosis could be highlighted that suggests that dismantling of the nevabigitsensihgEsum
and less waste will be produced on dismantling than it is predictable for the dismantling of energy reactors usec

8 NETWORK CONNECTION'HEHUNGARIAN POWER SYWSTE

This section presents the power engineering tasks and network deeslspdentified by current assessments
and necessary for the implementation of the Paks Il Power Plant. Their joint environmental impact is insi
compared to the entire environmental impact of the power plant to be establishedt Motet¢hatsdieeand
decisions, the location and building of the station, the route of the transmissiondirmas@tnof the jplales may
change.
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8.1 COMPATIBILITY OF THEEW UNITS WITH THIENGARIAN POWER SW8TE

The currently operating units BatteeNuclear Power Plant will be connected to the Hungarian power system thro
the 400 kV switching equipment of the 400 / 120 kV substation owned by MAVIR Zrt as Transmission System (

Inadecisismupporting feasi bi t ¢ohducted d puetiminan? ahdyRi¥ of deweralvé s oZ
the electricity network developments needed for t
transmission lines. Preliminary network calculations have beeto madowhat! conditions are required for the
transmission of the generated amount of power with units of net 1200 MW capacity under regular operating
and in case of a system disturbance.

The results show that the new power plant units egirateel imto the power grid only if new network connections
are built.

1 The connection of the new units to the power grid requires the establishment of a new 400 / 120 kV sL
(Paks Il substation).

1 The findings of the studies on double outagendtitesraserve supply for the new Nuclear Power Plant
require the installation of a third 400 / 120 kV transformer in the region.
1 The installation of a Pakertirsa dugystem transmission line is a basic and indispensible condition for th
expansion.
In order to ensure appropriate stability for the electric power system, the capacity needs -of theulargyest feed
with the highest unit capacity installed in the system must be provided within a short time for the purposes of th
in the casef any unplanned outage of sucinfdedHungary it is the responsibility of MAVIR Zrt as the system
operator. The unit capacity of the new power plant units will likely be around 1200 MW, making them the larg
Hungarian power system. Béferrst unit of the Paks Il Nuclear Power Station is commissioned, a tertiary rese
capacity equivalent to that of the new unit should be ensured. This need will have to be met by sourcing powe
the import power transmission route and/ctifly Zmeaw tertiary reserve capacity in a faptdoanestic power
plant.

Based on the studies it was established that by implementing the above developments and expansions, tf
generated by the new units can be safely connected to amdHisegkiriah power grid.

8.2 INSTALLATION SITETHE NEWOU 120kV PAKSII SUBSTATION

By taking into account the installation criteria of typical MAVIR stations, the special goals and requirement
MAVIR transmission network station, and ther@ipdaiaf the Paks Il Nuclear Power Station for connection to the
grid, several possible locations have been identified for the Paks Il substation. The substation site optimal
points of view of feasibility and safety is located alosiigsiatndine routes going-n@shin the area between

the roads going from Paks to Nagydorog and K°l| esd
the planned site of the new units, near the 2 km section of road 6233ida dfieheortad, next to the existing
transmission line corridor.

Based on received data, we considered this site as the starting point for our investigation, but it should be note
designation of the final location for the Paks Il sulthatomigetence of MAVIR Zrt as the future owner of the
substation, and to our knowledge the final decision has not yet been made.

In accordance with current practice in Hungary, the Paks Il substation will be a typical MAVIR 400 / 120 station
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The Paks $ubstation and the transmission lines (except for the unit lines) connecting to the Hungarian electri
will be owned by MAVIR Zrt and will be part of the public grid.

8.3 400kVLINE IN THE UNIT AREL20KV POWER TRANSMISSIONNEL

In Hungary ab@kV transmission lines are overhead lines.

Based on the specifics of the development area and on technical, economic and environmental criteria, the pt
directly linked to the power plant can be installed as follows:

1 the 40&V unit lines via# overhead type;

9 the section of the 120 kV line within the site of the power plant providing reserve supply will be an unde
cable and outside it an overhead power line.

8.3.1 400KV UNIT LINES

The power generated in the units of the Paks Il Nuclear Power Station will be transmitted through 400 kV ul
(production cables) to the future Paks Il substation. The route of the unit liRgyisedi@nd its legend in
Figuret2

0 125 250
. m

v

AGtsitends 12
Paks . Erom

L®t es?t eorsd B | kK T KWWKV ent Enes@okbe Built

L®t e s120kebrsd R § V 126 kVdran@nkission line to be built

Paks | | iRaksdliNected® Rower Plant

Paks | Ii Pak$ lISubbtation§ s

M6 a u t MqtoSma y Main Road No. 6

L®t es?t eorsd K §b20 Ki\l28 kVicable @xkve seipply) Sotb& il

Paks |1 At omeiPaksiNudearlPewerrPlart ®msporary c®nstruction area
Megl ®v R 129 ©®§v dEXBtmgki®Rkaadk400 kV transmission lines

Hi de g v 2izColdwatarcharmmnel a

Figuretl Route of the unit cables between the Paks Il Nuclear Power Station and the Paks Il substation (Site 2).
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Jelmagyardzat:

Létesitendd 400 kV-os blokkvezeték nyomvonala

Létesitendd 120 kV—os vezeték (tartalék ellgtas) nyomvonalo
Létesitendd 120 kV—os kabel (tartalék ellatds) nyomvonala
Meglévd 400 kV—os tovvezeték nyomvonala

Meglévd 120 kV-os tawvezeték nyomvonala
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Megl ®vRs12@vkY¥z eiRdke ohtye@xisting b28 kVaransmission line
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Paks | 1 Al Boundaoyrof@he Pdkallts@bstation

Figurel2 Legend for the route drawing of the unit line on draWWihtONERBE

The poer generated in the two new nuclear power plant units will be transmitted to the Paks Il substatio
transmission line installed on separate lines of towers for each unit. The use of separate overhead lines a
relatively short route incregsestional safety.

Route lengths of the 400 kV unit cables betweenltfrowak$lant and the Paks Il substation: ~6.4 km and ~6.2
km A total of 40 poles wildl be made of the omMENY(f
the axis of the route, making a total width of 68.8 m (for each unit line), in case of two parallel utiit &ihes, the tot
the safety zone is 128.8 m.

Subject to later studies and decision, the technical solution for the unit cablesype itteirghange with a
view to increased safety.

Landscape

The transmission line concerned will be going along a nearly flat area. The route will mainly cut across agricu
and woods outside the power plant site.

The type of poles planneidetaised for the transmission lines connecting to Paks Il has been used in the pas
Hungary for a network; some examples are shown in the following photos.
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Figurel3T h e Ma -G yoRr k\&és@ghead transmission line Nihpeles

Figurel4 T h e -Na@boad Border 400overhead transmission line with PINE poles, line corridor

We wish to use, as appropriate and as circumstances permit, all the methods that worked well for previous
transmission lines to facilitate compatibility of the new transmission lines with the environment and red
disturbance caused to ther@mment (e.g. parallel routes; painting the poles green; installing bird nests on the p
and devices that enhance the visibility of the lines for birds).

Impact of the operation of the transmission line

Electrical and magnetic field strengths

An electromagnetic field is generated neaoltéigh transmission lines. The limits of electrical filed intensity anc
magnetic induction to be considered for physiological effects have been specified by the International R
Protection Associati&tP@) working under the UN World Health Organization (WHO). The Hungarian requiren
(MSZ 151-2000/15.6.3.) are in line with the recommendations of the international association adopted worldwid
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Time that can be spent under the transmisj Electrical field strength Magnetic induction
line E (kV/m) B ()
a few hours per day 10 1000
unlimited 5 100

Table3Q Permissible values of electrical field intensity and magnetic induction

Typical values of electricaltiteldsity and magnetic induction in the vicinity of existing transmission line:

Values measured at a height of 1.8 m above ground under 120 to
lines in Hungary

electrical field strength magnetic induction
[kV/nj [nT]
under the overhead pdines 2-17* 1037
at the edge of the safety zone 0.21.1 19

* note
A value higher than 10 kV/m is measured only under the conductor of a 750 kV transmission line.

Table31 Measured values of electrical field intensiggaetic induction

By selecting the necessary height of the transmission line above the ground when planning installation it can b
that the value of electrical and magnetic field intensity measured under the most adverse condtiens will be |
limit specified in the WHO recommendation. We wish to repeat here that the route of the transmission line conc
avoid inhabited areas.

According to previous research findings, the electrical and magnetic field strengths in thesadcinity of o
transmission lines does not have any demonstrable harmful effects on health.

Corona discharge (ionizing effect, radiofrequency effects, radiation loss)

One of the most noticeable phenomena for the environment that occurs on overhead pavaisdimag)és(@oro
short: corona). This can be observed especially in rainy, foggy weather if the inhomogeneous electrical field
on the surface of the power conductor cable exceeds the value of 30 kV/cm. In this case, the air around the «
becomes ionized and a discharge occurs, which can be seen in darkness, accompanied by crackling noise.

Corona may have the following direct environmental effects:

9 crackling, fizzing noise due to the ionizing effect of high local field strength;

1 highfrequency electromagnetic waves are generated, which may disturb radio and TV reception in the vi
the power lines;

9 aloss occurs in the power line due to the corona.

lonizing effects

Due to coronal discharge, especially on overhead pab@rdid®0 kV, mainly ozohei(@ nitrogen oxide JNO
are formed, but the values are below the measurable limit and are insignificant compared to any other source.

8.3.2 120kVTRANSMISSION LINE

The task of the 120 kV transmission line will be to supply the Paks Il Nuclear power plant with power from t
Paks Il substation. H&kKslectric substation:
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The route length of the 120 kV unit cables betweertRewak®lant and th&sPh substation is ~6.4 km, its
cable sections being ~1.4 km and ~2.0 km. A total
safety zone will be 15.6 m in each direction from the axis of the route, making a total width of 31.2 m.

Sulject to later studies and decision, it may be necessary to install tHeatR@&Wednlines on separate tower
lines for each unit in order to increase the safety of the units. In addition, the type and the number of the towers
change.

8.3.3 COMMDN SAFETY ZONE

If the two 400 kV unit lines and the 120 kV transmission line {oeckdoogvilirun parallel, the total width of the
safety zone will increase to 170 m.

8.3.4 CONSTRUCTION OF TRENSMISSION LINE
The main phases of construction afews:fol

preparatory work, routing

groundwork

assembling the towers and the insulation chains

tower erection

wire stringing and adjustment

The construction of a transmission line requires a 3 to 5 m wide strip of land. When arable soil isnused for co
work, a pedological expert opinion is prepared for recultivation, on the basis of which the temporary alternative
arable soil is licensed by the competent land registry.

= =4 =8 -4 =9

The overall dimensions of the towers above the ground depend sappbgthgraa a strain tower is installed but
also on the craessction and the number of conductors fitted on the towers.

The space required for onsite assembly and erection of the towers should also be considered when calcul
space needed fonstruction, which, depending on the type of tower and the installation site, is as follows:

9 for 400 kV towers: about 60x40 m
1 for 120 kV towers: about 40x40 m
These strips of land are temporarily withdrawn from cultivation in the case of arable soil.

Thethree transmission lines of Paks Il can be built at the same time or staggered. In the case of staggered con
the 400 kV and the 120 kV transmission lines for unit 1 must be built first, followed by the 400 kV line for unit 2.

Time required fonstruction work:

9 Landscaping, earth moving: 2 working days/km
1 Groundwork: 2 weeks/km
1 Tower assembly and erection: 1 week/km
T Wire work: 1-3 weeks/km
The work processes outlined above partly overlap, so the estimated implementatiocfGimernshdbabe8

case of staggered construction, the time required for implementation may be significantly longer. During this
environment is not disturbed at the same time along the entire length of the power lines. Equipment is used or
area onljor the time that is absolutely necessary, going from one tower site to the next. Construction will invo
machine and manual (human) work in line with the installation technology.
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The following photo shows the mounting of poles during atatationsira transmission line.

Figurel5Mar t o-ByBs 8400 kV overhead transmission |
9 POTENTIAL IMPACT FAEB OFPAKSII,IMPACT BEARERS ANIPACT MATRICES

9.1 POTENTIAL IMPACT FOEBB

The first step of the environmental impact assessment is to determine the potential impact factors related to cr
conditions of nuclear energy production, and to the operation of the plant, resulting from the technological pz
detailed abevThe impact factors related to the planned nuclear units are grouped thematically around (1) locat
time and (3) characteristic types of impacts.

Constructing and operating the new nuclear units may affect theafidiosving

Paks Il Nucled@ower Plant
0 Operation site of the new nuclear units
i The building yard

Paks Il Nuclear Power Pld@onnected Facilities

U Cold water canal

i Warm water canal

0 Area enclosed by the cold and warm water
i Site of the power recovery water plant

Unit line and transmission line

0 Route of the 400 kV unit line and 120 kV transmission line to the new substation
Transport Routes

U Roads affected by transportation to and from the plant

The potentis@mporaimpact factors of the new nuclear uniteiardcilities (preparations/construction/installation,
operation, and decommissioning) are grouped chronologically with respect to the various sites affected.
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Preparations, construction and installatidpproximately 5 years of construction woukfion &ol
preparation activities, in 2 quasi consecutive cycles for 2 units, adding up to about 10 y
altogether.

OperationThe assumed operation time of the planned new nuclear power plant unit is 60 years, which, i
of the procedure of prolgntie operation time of the 4 current units, can be divided into
several periods

o Joint operation of units 1to 4 of the Paks Nuclear Power Plant and unit 1 of Paks Il between 2025 and 2C

o Joint operation of units 1 to 4 of the Paks Nuclear Poweumitart &m@ of Paks Il between 2030 and
2032

o Joint operation of units 1 to 2 of Paks Il after the closure of units 1 to 4 of the Paks Nuclear Power
between 2037 and 2085

o Independent operation of unit 2 off Rétks the expiry and closure daf afitaks Il between 2830

o End of operation of Paks Il, unit 2 in 2090

DecommissioningAt the determined expiry time, first unit 1 and then unitliZsotiBakd (based on
article 31, appendix 1 of Government Decree No. 314/2005, #iso aejuityes an
environmental impact study).

Thetypical impact factorfor each of the above mentioned periods are also examined in this study. Considering
character of the facility, emissions and wastes are divided into two groups:radoactore types and
radioactive types.

x Use of the environmental elements

x  Emission of pollutants
i Common, naadioactive pollutants

i Radioactive pollutants

x Wastes
U Generation and management of commiadioactive wastes

i Generation and managemeatimfactive wastes
x  Spenffuels
U Handling and storagiuefsemoved from the reactor zone

9.2 IMPACT BEARERS

The second step of the environmental impact study is to appraise and define the impact processes triggere
impact factors related to thermeptation and operation of Paks Il, including the events related to its constructi
service and decommissioning. Based on these processes, it is possilile srajedfind environmental
elements and systems whehe processes triggered by the tifgorquse and straining of environmental
resourcespay lead to direetndindirect effects.

During the construction, operation and decommissioning of the new nuclear units, the following elements and s
the environment are to be taken aotnaas impact bearers:

Surface waterdDanube

Geological formation, underground water (operation site, Danube valley)
Air

Inhabited environment (noise, radioactive pollutants, wastes)
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Biosphere, ecosystem
Artificial environment, engineering objects
Population (common and radioactive pollutants)

9.3 POTENTIAL IMPACT MKJES

The assumed impacts of potential impact factors on the affected parties are summed up in the matrices below.

The impact factors as well as the impact bearers during the apestatictieend decommissioning, as well as for
abnormal service conditions (service breakdowns, emergencies and design basis conditions) during all thre
have been identified
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Impact bearers
Environmentatlements/systems
Impact factors
Surface Geological formation, Air Inhabited Biosphere, CuI.turaI Population Built environment
water underground water environment| ecosystem heritage
Danube Site Danube valle
Installation
Demolition of buildir - U - S S S - u,S uU,S
Site occupatic U U - S U S - U
Transportatio - - - S u,S S S S U,S
Construction of the fac U U - S u,S S - S u,S
Installation of technol U ] - S uU,S S - S u,S
Related activitie U ] - S uU,S S - S u,S
Service breakdowns, emerge S S - S S S S S S
Operation
Technolog S U S S u,S S - S u,S
Related activitie - - - S u,S S - S u,S
Transportatio - - - S u,S S S S uU,S
Service breakdowns, emerge S S - S S S S S S
Decommissioning
Disassembling technol - S - S u,Ss S - S S
Demolition of buildir - S - S uU,S S - S S
Transportatia - S - S uU,S S - S S
Related activitie S S - S uU,S S - S S
Landscapin - S - S U S - S U
Service breakdowns, emerge S S - S S S S S S

Legend:
Ui Use of the environment
Si Strainingf environmental resources

Table32 Summary impact métridentifying the types of impact factors, as well as impact bearers
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Implementation of new nuclear ptan¢ at the Paks site

Environmental Impact Study
Simplified Public Summary

Impact bearers
Environmental elements/systems
Impact factors
Surface | Geological formatio : Inhabited Biosphere, Cultural . Built
water underground wate Alr environment | ecosystem | heritage Populatior environment
Danube Site DvaarIESe
Installation
Demolition of buildir - ] - C C C - c,u c,u
Site occupatic U U - C U C - U
Transportatio - - - C uC C C C u,C
Construction of the fac U ] - C uU,C C - C uU,C
Installation of technol U U - C uU,C C - C u,C
Related activitie U U - C uU,C C - C u,C
Service breakdowns, emergenci C C - C C C C C C
Operation
Technolog E+D U C E+D U, E+D E+D - E+D U, E+D
Related activitie - - - C uU,C C - E+D uU,C
Transportatic - - - C U, E+D E+D C E+D U, E+D
Service breakdowns, emergenci E+D E+D - E+D E+D E+D C E+D E+D
Desigrbasis conditions (
Decommissioning
Disassembling technol - E+D - E+D U, E+D E+D - E+D E+D
Demolition of buildir - E+D - E+D U, E+D E+D - E+D E+D
Transportatio - E+D - E+D U, E+D E+D - E+D E+D
Related activitie C E+D - C U, E+D E+D - E+D E+D
Landscapin - C - E+D U E+D - E+D -
Service breakdowns, emergenci C E+D - E+D E+D E+D E+D E+D E+D
Desigrbasis conditions (

Legend:

Ci Common environmental impacts
Ri Radiological impacts

Table33 Summary impact matrix, identifying commaaticdogical impacts
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10 SOCIAEECONOMIC IMPACTSP@AKS DEVELOPMENT

10.1 ECONOMIC IMPACTS ANENDITIONS

The plannedevelopment at Paks will have significant impacts also onto the economy of the entire country, the
and Paks city.

On national level we should highlight the improving economic performance (GDP) as it will grow as a rest
project, because gl with the preparatory works for the planned project domestic undertakings will b
preparations as they want to be involved into the project implementation, and all this have and will have eff
education, development of the human resuditeebmical assets of the relevant undertakings and their innovation.

As specified in Paragraph 2 of Article 4 of Act Il of 2014, on the promulgation of the Treaty between the H
Government and the Government of the Russian Federation matitmeicqeaeeful utilisation of nuclear energy

AThe Parties shall do their best efforts to reach
that the cooperation envisaged in the present Treaty can be implementtt@pgddcifiedvby the relevant laws
so all owd thus the Hungarian Government regards t

but will manage the project as a top priority also from aspects of industrial policy.totalipmject GTAPEX
(planned as 12,5 hillion EUWRlidh EUR would most probably implemented involving domestic undertakings, and
figure represents nearly 5% of the domestic annual GDP, so this is quite a significant item even on national
level.

From energy policy aspects and as the Government
the country will remain-wedtinced also after the date wHerPaks units will becdenmissioned, and the

c ount r gedce of ipartecmergy carriers (nuclear fuel can be acquired from several sources of supply
sizeable stock can be also stored) and dependent
devel opment 0 s c e naanérgy genarated bytPake deyelopment willordmaie dorapetitive on lon
term, providing a competitive advantage for thiatensigy domestic undertakings, enabling even the increase in
their production volume.

It is an extremely critical criteridanfdoistry policy aspects that undertakings involved into the project (as mention
above) will be more competitive also after the project as a result of developments in their human resources an
assets and this improvement will have multippaateranto the performance of the national economy, employmen
rate, expanding consumption of the population, in addition to the direct impacts onto Paks development, and &
al so onto the stateds i nc o menalfeconoomic aspext, nanmely that ®aksa | |
development will enrich the treasury witlvaludggnd tp-date asset, and as added value the development will
also help sustaining a warttbus and staiétheart professional culture.

There is another goalnational economy level related to the planned new units of the Nuclear Power Plant: dor
suppliers should have a chance for participating in the works in as high as possible number. The maximum ¢
can be realistically achieved is arod@da3®Results of presently ongoing international Nuclear Power Plant projec
can clearly demonstrate thatcsualractors (suppliers) can be intensively involved from the national economy of
ordering party into the preparatory, constructiongyeelsselobly, manufacturing and then operation and
maintenance works and processes only if they are consciously prepared and developed in a planned mat
organised into a system that can supplement, complement and strengthen each otheselliredsgoé¢hef u
power plant project on national economy level will be greatly enhanced if the prepanatoh pwopelly
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designed and sobntractors are systematically prepared and trained, as thus significant extra cost potentially
duing the project can be avoided.

The implementation of new units is a project that can for years or even for one full decade offer significant «
several domestic companies, contractors and provide employment for several thousand ertiaiessoeither o

in various planning, technical engineering and research irasggalpr@nd manufacturing factories and plants
during the preparatory works. If we want to €®%r30the total project CAPEX with domestic suppliers and
contracts it will require walinned preparations and-ongdinised cooperation among the companies and
institutions. Hungaryos manufacturing capacity 1in
companies have significantlyneeédliuring the past two decades. Tdtalisation is not realistic, and the goal
could rather be to prepare and collaborate with primarily small and medium size companies that are potentiall
of such cooperation.

As part of the preparatonggrthe potentially eligible companies and contractors that can be involved into the plal
project were surveyed. Two approaches were applied. Firstly companies regeoditd @erkigimalysed on
national level, and secondly companies lottetezhirironment of Paks Nuclear Power Plant, primarily as potentia
candidates for the soltractors chain were surveyed. As a result of the national survey nearly 150 potentially re
companies were recorded in the database, broken dowrsteamigigrroviders by professions (nuclear, civil
engineering, control technology, electricity, architecture, chemistry, other) and to activities (R+D, pl
manufacturing, transportation, building, assembly, commissioning, expert jolss, capac)tidsssetferences,
guality assurance parameters of the companies, and import share of components for manufacturing were all re

It is a natural expectation that companies operating in the wider environment of Paks Nuclear Power Plan
involved into the implementation as participants with fair chance, thus enhancing the regional entrepreneurial
and providing chances for employing local manpower. The region contains 90 settlements in the area
delineated using specifiterta and covering both banks of Duna and 3 counties. The study addressed compa
operating in the field of building industry, manufacturing, assembly and transportation, and their headcount is
10 employees, and are interested in and wildirtecipate in the project implementation through some kind of
contractual structure. As part of the surveying process, the potentially cooperating companies were class
various categories based on competences (employees and assets/effugmesisapital power, balance data,
certificates or accreditations and readiness for further training. The regional companies can be candidates in t
not only directly, but also indirectly in auxiliary works (e.g. infrastructureAsoastesalioof).the survey nearly

240 regional companieswegistered in the database.

10.2 SOCIAL RELATIONSHIBET OF CONDITIONS

MVM Paks Nuclear Power Plant Zrt. has been present almost for four decades in the region defined by &
S z e k sKal®asadcentres. As a result gbleuatied and structured process the Pant has built up a regional set ¢
connections that coversaperation based on mutual respect, understanding and benefits. This robust supporting
symbiotic relationship provided a solid basis for thendkeisidar adopting decision with utmost significance like
extension of the operation time and impt@neof new units. Decisions adopted by the Parliament and the
Government aiming at the construction of the new Nuclear Power Plant units extremely require to improve the
and social relationship with the region around the power plarithaawdtemergize its content. Strengthening the
regional acceptance and cooperation readiness, improving confidence of local governments, municipalities, ¢
and citizens is one of the keggoditions for the expansion program, and this sldouédsed already during the
preparatory phase of the main project.
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MVM Paks Nuclear Power Plant Zrt. is evidently the no. 1. company and employer of the region and it has
assumed the responsibility for the status of the environmemptpfideqofthe local population, development and
future of the region. The power plant and the related development project can be successful if the plant i
function in a virulent economic and social environment, and efficiencies cangthetualycikt other. The
process of implementation of the new units is an outstanding issue for people living around the Paks Nucle
Plant and they are looking forward to democratic processes offering them the chance for offeringfopinion. Th
support from the region is quite reassuring at the moment and relations are dynamic, improving through
expectations are also formed. Local government, municipalities and population of the settlements as wel
stakeholder companies expitietive steps to verify long term cooperation as early as during the preparatory pha:s
the main project.

It is imperative that the recipient region must be involved and made interested, and this will primarily conr
manpower supply and itstiogl system, in addition to undertaking development. The preparatory project addre:
these issues in full details. First of all we had to prepare the list of professions that are required for the con
assembly commissioning and then opsrdteiuclear Power Plant and that is consistent with the National Trainir
Registry system and the domestitevéyhraining guidelines. This document was prepared in cooperation wii
eminent energy experts and university departments with dsqrarimagasprojects. Manpower needs of potential
bidders can form the basis for all subsequent surveys. Conclusiqgoeéthmaritl treaty between Hungary and
Russia could simplify the situation, and from then we had to use only thagpseipplisahbygaAtomstroyexport

as the sole data base.

Alargs cal e survey was prepared c ov Kiskumcgunti@sin osderthatthe me
presently available skilled manpower and that can potentially be madéuawaldblmdads in the wider region

can be registered. As there was no state and public administration registry system available the database t
prepared using results of a-taae field work based on sampling work. All this can probassafepbdstudy

on availability of regional manpower labour and its preparation for the main project. Based on the survey of
manpower broken down to professions these data available in the region can be easily compared with the
manpoer potential. It is assumed that only 20% of the manpower available in the studied region can be invol
the construction and assembly works of the planned new units of the Nuclear Power Plant, so we €an state th
30% of the required manpova® be supplied from the region. Naturally there are significant differences in vari
professions. Based on results of comparative analysis we can state that major shortage problems would
emerge in the following professions: carpentelingoatickers, reinforced concrete workers, qualified welder, fitter
and ironer, electricity system and control technology assembly technicians.

The special secondamgel training, vocational training and adult education institutions and comgggaies in the
were also surveyed, including their education and training capacities and conditions, infrastructure, practice ba
development plans and flexibility. These schools and training institutions can supply the manpower that is pre
avaliable on the labour market and cannot be predicted as they can launch targetedeameldiiaining
courses, increase the headcount in the existing courses and improve training conditions. Departments, fact
chairs in the domestic techmiglalevel education system were also surveyed includinggoonigyhigstitutions

with similar profile in the neighbouring countries. Ardégeisbory document was also prepared anadyesing re

of the College of Energy Technology irs Bakd§ite faculty.

A system was also prepared for students presently learning in various secondary schools for encourag
incentivising them to continue their studies in technical universities and colleges, broken down to discipline I
sypplemented with enawjgited practices andttmspot professional practical training. There is a system of
cooperation agreements signed with various secondary schools in the region around Paks Nuclear Power Plan
contain a specific suppleangntraining for physics from class 11 with enhanced-$ehelbhigtaduation
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certificate. Students studying in various universities in the country are more inclined to return intcettte region if t
can offer them employment and challenfgagigral carrier opportunities. A special fellowship and mentoring
system was also elaborated both for medium and high levels because young experts can be retained and
international brain drain can be prevented in the electricity secigin trdgd¢hsolutions.

Human resource research documents can provide data regarding the manpower needs arising during the proje
down to headcount figures and years and the relevant service needs attached thereto. Enforced employment c
manpower (which should be in fact an issue of top priority) demands for accommodation and other services
significantly reduced but then traffic and commuting demands would increase. Kalocsa region would also recei
priority treatment inclugirmgnotion to ferry services on Duna. Envirodnemdbilyraffic solutions should be also
preferred just like lasgee parking plots that can be later utilised for other purposes. Available accommodation p
should be surveyed including tlvamelevelopment and expansion options in line with the recommendations of
International Atomic Energy Agency. In addition to securing accommodation facilities in accordance with the
and 2% century requirements actions will be requeecufimg final settlement opportunities for tHgewould
operating crew and the family members. Acceptance attitude of various settlements should be also analysed. |
food supply, catering services, medical or healthcare and social sewitesnf@hpeople will also need
attention and solution, as well as public security issues, sport and leisure time and recreational activities and |
Expansion options for nurseries, kindergartens and education facilities shouldysedareilily athzance, and
securing employment options in time for women (family members) is also a key issue.

On regional level the a planned development will primarily be significant during the implementation phase: infr
will develop, regiooampanies engaged in providing accommodation and related services for people working c
project will earn extra income, and following the developmentanuniksialging of units tnainly on long

term a solvent employment and contractoriljreugain in the region as they will be responsible for the operatior
and maintenance of the new units, thus compensating the negative economic and social impacts potentially ar
the shutdown of the old units.

Though Paks city has developedtedef@tentralisation ideas, it will have-aidiigi role already during the
preparatory phase, thus it is reasonable for the city to maintain continuous cooperation with the project. Surv
required infrastructure developments and launaiaigdh@anning and preparatory actions as well as identification
of the required resources is going on. Development options for Paks Industrial Park and opportunities for enl
territory are also key issues. It is very important that piduets faoilities (including offices as well) that will be
involved into the preparation of construction and assembly and later the operation of the power plant settle d
near the <city. Szekszg8rd i s a imatheoproject prépgratica ramd st
implementation phases. Villages located in the region of the power plant that assume specific roles in order t
and make the project successful (e.g. accepting the container city for accommodation, ipgdviaitthahe requ
public utility connections, smooth licensing procedure, manpower mobilisation, cooperation in training, comrm
support, residential area plotting, providing sport and recreation programs and facilities) will be inaluded into tt
settlement network. Members of this network will not be entitled for any financial benefit but will receive
opportunities. All this requires detailed preparatory work form these settlements in order that the final resul
based on realidtical resources.

MVM Paks Nuclear Power Plant Zrt. has been operating a social support system for nearly a decade in the
foundation with the purpose to help regional, urban and rural development, undertaking development and este
of newworkplaces. With the help of this foundation various developments of more than HUF 30 billion value he
implemented in the beneficiary region through direct and indirect spapoenidéorbidding), also including
several hundred new workplace
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An organisation has to be established which is able to efficiently represent the realistic demands and intere:
regional population with the help of a registered legal entity status, independent program, operation system al
in order thaa successful dialogue can be established and maintained between the Nuclear Power Plant a
population in the region. Accordingly, the Social Control, Information and Settlement Development society (T
established in 1992 with the represenaitilocal governments and municipalities of 13 settlements. The Socie
performs control activity, and maintains a close cooperation with the power plant in forwarding information. Its «
to oppose the power plant, but rather protectiregesgteointhe population, maintaining sincere dialogue and
cooperation and to improve mutual confidence. TEIT publishes periodicals and established a social comn
control.

There are living various communication opportunities between MVM PakseiNBEes Zrt. and the regional
population looking back to several decades history.-fEinigewédenmunication and commenting opportunity
provides a solid base and building for coifidleivg, steady cooperation and conseration. In theist of

operdoor policy the power plant operates a visitor centre next to the power plant and at Kalocsa, and these
most important places for meetings between the population and the nuclear industry, and they can off
opportunities for gamally capturing information for every Hungarian citizen including people living in the regior
power plant maintains close cooperation with representatives of the local, regional and national press an
supplying them with regular or addwre@lired) information documents. MVM Paks Nuclear Power Plant Zrt. isst
its own newsletter providing exact information on events in the power plant, the plans and development id
newsletter is widely circulated and delivered to evexpfpostises in settlements within a 12 km radius (TEIT).
people living in Paks, Kal ocsa, Gerjen and Usz- d
in the city/village centres showing the timely local broadcasting corditigosiitenstand and comparative
approach.

11 THECURRENT ANDKELWMEATHER OF THEEKMENVIRONS dPAKS

11.1 CLIMATEPROFILE OF THENVIRONS dRAKS IN BXKMRADIUS

Average annuaean temperatuies 10. 7AC at the Paks svemdeilookingawh i c
the average annual progression of temperature one can see that July is the hottest month in the region, and Jz
coldest. Based on the temperature analysis one can see that average temperature is showing an increasing
anrual level; and the analysis of the daily occurrence of summer, hot and sweltering days also allows obsen
more frequent extremities within single years.

Regarding annual total precipitation, 1961 was the driest year (285.9 mm) in Pditedineaevedss| one was

2010 (990.9 mm), which also broke the absolute maximum record to date. Upgeastadgingesone may

state that the last ten years were the wettest all in all during the period. In terms of annual tatat@nd@pitation, a
increasing trend is typical in the vicinity of Paks, and upon examination of extreme values, century old reco
relegated to history in multiple cases during this 30 year period. Regarding the yearly progression of precipit
may statéhat June is the wettest month in the vicinity of Paks, followed by the other two summer months and
other words, most precipitation falls during the summer period. After that period, a secondary maximum can be
in November. March is tlestdmonth, but precipitation is usually also small iRelzmaayy

December is the month with theslegasiinein the vicinity of Paks due to extended cloud cover and short dayligh
hours; average daily sunshine duration comes to just 53 bersttrghs of May to September are the richest in
sunshine; values above an average of 250 hours occurred in this period, and the month of July was the sunnie
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them in terms of the past 30 ye armraidninse summeghalfoftheo | |
year is close to two and a half times that in the winter half.

Annuaimean sea level pressurethe vicinity of Paks is 1017.5hPa, its progression during the year is similar to
nationwide progression, with the highe=s usually occurring in January, and the lowest ones in April. Average .
pressure for the summer half of the year is lower than it is in the case of the winter half.

In the vicinity of Paks, aetumborations the lowest in the period from Naovienftebruary, and the greatest in the
period between May and August. Potential evaporation is lowest during winter, when it is almost the same
evaporation; however from spring to autumn it far exceeds the latter, since an approgvréagiergbbmntitsitef

is not available. The vicinity of Paks qualifies as an arid area from the perspective of precipitation supply.

Thetemperature of the soil surfdceo | | ows t he sundés progress directly
t h e tapdayel ohanges in parallel with air temperature day by day and year by year. As depth increases, h
the effect of the sun weakens more and more, both daily and seasonal fluctuations decrease, and temperature
constant at a certain depth.

Wind conditionsNorthwesterly and nodfthwesterly are the most common convections by annual comparison, wi
the southern direction appearing as the secondary maximum. In the summer half-obtttresesird omitiates,
followed by the northwigstction, then north, with the southern direction relegated to fourth place. In the winter h
the year, the prevailing wind direction is northwest, but the southerly direction takes second place here, w
northwest being third. Annual awsnagespeed is characterised by a decreasing trend duriFgQt [@8x.

The strongest gust of d¥8in the period was registered on 19 November 2004. The direction of maximum wind
is northwest in most cases, followed by the southtbeyndingmorthwest directions. Looking at speed, wind gusts
between-2m/s occur most of the time, but those betaén dnd -6 m/s are also common. Wind speeds
exceeding 18/s only occur at in lower proportion during the year, and thosky e¥semuingeldom.

Based on data from the 7 years under consideration:nitrthwesh wind direction prevailed Rakise

i nstr ume20imetre beiglet keviels and north occurred most times beside that. The scothittamessouth
directionsrere also relatively common. Thenadhtvest direction was also most common at 50 metres height, witt
the order being similar to that at the 20 metre level, the signs of the northwestern wind direction increasing, ho
already starting to shble northorthwest wind also prevailed here, followed by the southwestern and north wind
southerly winds were less pronounced than at the lower levels. While the prevémefsceanfehes hardly
greater at 2@etres than that of the rangawbi) its dominance is already unequivocahedteSQ and at
120metres the speed that occurred in the greatest proportion was already between 4 and 6m/s. During the |
time under consideration, maximum average speed was 12m/s at 2Gii&ines alrb0 metres, and values
above 20m/s also occurred at 120 metres.No wind gusts exceeding 25m/snoetesethete2@ere, however,

gusts greater than 30m/s atE2es.

11.2 CLIMATE CHANGE DURINGEZ21ST CENTURY IN THEINITY OIPAKS BASEDDN CLIMATE
MODEL RESULTS

After year 2010, Al ast year was extremely weto i
statement are perhaps even fr es hagabilityofindiideal yearsalame r
natural part of climate, and it exists even without any external constraint whatsoever, therefore such instances
attributed to climate change. When examining the climate, it is values, trends and changes taken as average
years that aoensidered.
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The most important uncertainty of climatic modeliedaisity derived from the mode¥éodels resolve the
equations that govern the processes of the climate system with the help of humerical methods. In the cour:
numeric solutipstate parameters (i.e. temperature, wind speed, etc.) are regarded in the ghmensioadhree
spatial grid, and certain interactions are described in simplified form with the help of what are referre
parameterizations. The models pesedd the various institutes differ in many respects: they may apply differe
approaches and parameterizations to describe the same physical process, furthermore they might use grids c
resolutions. All of these differences also havectrenrrafidel results.

Anthropogenic activity (i.e. of human origin) has been proven to have an effect on climate processes, therefc
needs to be taken into consideration in cpintheat e n
future in an exact manner: we do not know the deg
economic policies various countries are going to adopt, what the level of technological development will be
cannot tell trEanount of pollutant emission in the future either. Multiple kinds of emission scenarios were createc
end (Nakicenovic and Swart, 2000), which quantify the impact of human activity in the form of carbon dioxide
There are scenarios thatulee a pessimistic future (in other words ones that assume additional significant emissi
but optimistic and average scenarios also exist, and all of them have vastly differing degrees of atmospheric gr
gas incidence by 2100. Uncertaistiétsngefrom this are callshario uncertainties.

Models are first tested in respect of the climate of the past, and developed on the basis of the results. A
simulations regarding the future are conducted with them, using extra greeaheadegdsanan activity as an

input parameter. Since the different models characterise the climate in different ways, results from multiple m
always considered when examining climate change (which is known as the ensemble metina) tihecause this
uncertainties of climate simulation outcomes can be quantified.

Uncertainty in the scenarios is manifested from the second half of the 21st century. When examining climate |
is important to use multiple, meaning at least two ondelets guantify uncertainty, since all of the models describe
the climate of the future as being equally possible.

11.2.1THE AVAILABLE MODELS

Results from the global models are less applicable to the Carpathian Basin, also as a consequence, among ott
of their poor resolution. That is why global information needs to be refined with the help of regional climatic 1
order to determine the ratio of uncertainties. A number of regional climate models were run with 25 and 50km
grid resolatin i n the framework of the European Unionds
applying theverage scenarid1B from among the scenarios.

Two regional climate models have been adopted at the Hungarian Meteorological Service (OMSZ) during rec
for studying climate change:

0 ALADINClimate,a r egi onal climate model devel oped by
international cayption, moreover

Ui REMOGthe regional climate model developed by the Max Planck Institute in Hamburg.
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Figured7:

Simulations were first run concerning the past with these models in order to test them across a more exten

The

REMO model

6s domain covered

period known by virtue of measurements, and to help their improvaniesiowilthus discerned.

ALADINClimate 4.5 REMO 5.0
Period 19612000 19612100 19612000 19512100
Resolution 25 and 10km 10km 25km 25km
Fringe criterion Reanalyses GCM Reanalyses GCM

GCM: Globé&limatéodel

Table34 The characteristics of experiments conducted using ti&islatddNd REMO regional climate models
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The two regional climate models applied at OMSZJ(xh&BIAhd REMO) are used to scale down the results of
global models to a range with a Bokrtien. Input data for this, known as fringe criteria, were provided by the gene
global circulation model (ARRHiBHt) in the case of ALADIINate, and the global Atmosphere and Ocean Global
Circulation Model (ECHAMEIWPlin that of REMO.

Thesummary of these simulations are provided in the following table.

Model Resolution Fringe criterion Scenario Period
ALADINClimaie 5.2 50km ERAInterim - 19892008
maie > 10 and 50km ARPEGE RCP8.5 19512100
10km ERAInterim - 19892008
REMO 2009
10km ECHAM RCP8.5 19512100

Table35 The experiment planned with the ACkD#e and REMO models

The updating of fine resolution simulations is still in its initial stage.

11.2.2PROCESSING OF AVAILEB/ODEL RESULTRIESPECT OF AVERAGBNDITIONS FOR THEM
VICINITY ORAKS

The selected area compri$es [foints from the 10km, dn@ goints from the 25km resolution model.

46.90 VAN FAN -
O O O
® O o |
46.70 @ @) A ®) —
O O O —
46.50 o . o L
JAN VAN
O O o |
O O O
46.30 | | _F
18.50 18.70 18.90 19.10 19.30

Figurel8 The ALADIBII i mat e (bl ack) and

Plant (green)

R E M e qumroandings ohihelRals dlicleay Poivet p
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The selected future periods were20801 2042070 and 202100, since climate can only be interpreted on a
longer timescale of at least 30 years according to the World Meteorologita Grganizatioo mme ndat i o1
describe actual processes in an approximative way, therefore results are laden with lesser and greater €
necessity. In the interest of eliminating systematic errors, future results are not interpretéeoim tredationn, ra

to the model sé& o wh9@neefaenri enrgc et hpaer icohda nogfe s1 G le s pe.
defects will not necessarily be constant over time).

In addition to processes that form the natural climate, model sSmudotiseabffects of human activity into
consideration. As we are not in a position to be aware of how that will develop over the entire 21st century,
hypothesésreferred to as scenaiiase determined, which present the different develgmontemities of
anthropogenic activity in the future. The human impact is quantified in the form of carbon dioxide concentrati
models, i.e. the various scenarios describe different progressions of atmospheric carbon dioxide concentr
shawing strictly monotonous growth). There are optimistic, pessimistic and more subtly differentiated versions a
scenarios; the model experiments conducted at OMSZ reliestagyetheenari@®1B) During implementation,
measured carbon dioxidecee nt r ati on | evels are incorporated in
the said hypothetical scenario is taken as the basis beyond that. Most specialists who deal with climate modelli
take the period between 198D as thbasis, because this is how the model can show significant, major chanc
signals concerning the 21st century.

Gradual warming can be expected for the surroundings of Paks during the 21st century according to both
annual, seasonal and montréydéke. What this means is that the fartheretrepdiod considered, the stronger

the monthly, seasonal and annual average temperature increase will be. There will still be natural variability a
years, so months and seasons colder thagrélge may also occur in the future.

30 30 30

s |[2011-2040 . |[20812070] s |[2071-2100

. 7\ . 7\ ol A7 N\
o/ N\ /A A\

A/ N || 2 N\ || s LZ AN
N4 N\ DT/ N/

JFMAMUI JASZOND JFMAMUJ JASZOND JFMAMUJ JASZOND

Remark:

When illustrating information applicable to the future, change the models indicated for the respective period were added tc
measurements concerning-198Q, then the area between the two annual pregezssiced on the basis of the two

model s6 results were shaded.

Figuret9 The annual progression of monthly -a90(graytbne), ance mper
annual progression anticipated ontheba® f t he t wo model s (AC; the wuncertai
vicinity of Paks

In the case of precipitation, and unlike temperatures, one cannot talk about unequivocal and linear changes
21st century, either concerning the three future periods, the seasons or the two models. The models agree
slight change of annuakipitation, but considering seasonal distributions is also important, and great difference
be seen in this regard. According to the models, decrease during summer and increase during autumn is une
but the models are uncertain as t@odigfathange in spring and winter. Changesig alezording to the models:

for every season, therefore also at annual level, in respect of all three future periods in the vicinity of Paks. Th
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changes will appear as we near the end afuhg tigthermore they always mostly occur in summer and autumn
when atmospheric humidity is lowest anyway.

JFMAMUJ JASZOND

JFMAMUJI JASZOND
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Remark:

When illustrating information applicable to the future, measurements ceb@8thingréd6dreased by the extent of

(strong) relae change the models indicated for the respective period, then the area between the two annual progressions
received on the basis of the two model sd results were sh

FigurésQ The annual progression of monthly total precipitation (mm) according to obset @& (gray 1i86), and annual
progression anticipated on the basis of the two models (mm; the uncertainty interval they limit are in coi@nitgdbands) in the
Paks

The models do not forecast major or even unequivocal changes regarding wind speed magnitude, particula
annual level.

12 EXPECTED IMPACTS ®fE PROPOSED DEVELERMAND THE ENVIRGNVAL
CONDITIONS ON TBENUBE WATER TEMPEBRE FLADD EXPOSUREOOLING
WATER EXTRACTION ARWER MORPHOLOGY NGAS

The Danube model studies conducted as part of the Environmental Impact Study of Paks Il aim to determine
Paks Power Plant site affected in case the conditions deemed teekeheerandtmost unfavourable occur, to
investigate the morphodynamic changes developing as a result of the various hydrological events and to as
typical parameters of the heat plume in the Danube of the warmed up cooling water retubeed into the Da

The Danube models studied and analysed the following aspects in details:

1 One dimensional (1D) modelling of the impacts arising from extreme natural and artificial conditions

0 on the exposure of the site to floods
0 on the safety of cooling water extract
1 Two dimensional (2D) modelling of extreme low and high water events
1 River morphology changes, morphodynamics
0 One dimensional (1D) model assessment of suspended sediment and bed loads

o0 Two dimensional (2D) model assessment of morphodynamic prloeeBsesiba t
channel

1 The impact of the warmed up cooling water returned in th€éhbesmdio@ensional (3D) modelling of the
heat plume

1 Mixing study of the waste water treatment plant operation in failure events
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