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APPLICANTõS DATA 

Applicantôs name:  MVM Paks II AtomerŖmŤ FejlesztŖ Z§rtkºrŤen MŤkºdŖ R®szv®nyt§rsas§g 

Official abbreviation of the Applicantôs name:  MVM Paks II Zrt. 

Applicantôs registered seat:  7030 Paks, Gagarin u. 1-3. 302/B 

Applicantôs company registration number:  17-10-001282 

Applicantôs tax registration number: 24086954-2-17 

Applicantôs statistical code:  24086954-4222-114-17 

Applicantôs manager:  S§ndor Nagy ï CEO  

Contact details of the Applicantôs contact person:  L§szl· Pusk§s ï Head of Department for Licensing and Nuclear 
Safety 

Contact details of the Applicantôs contact person: +36 75 503 730 

DATA OF THE PLANNED ACTIVITY 

Name of the planned nuclear power plant:  Paks II Nuclear Power Plant 

Abbreviated name of the planned nuclear power plant: Paks II 

Planned activity:  implementation and operation of two III+ generation pressurized 
water reactor nuclear power plant units  

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

Gross electrical output of the planned nuclear power plant:  maximum 1200 MWe per unit 

Gross thermal output of the planned nuclear power plant:  maximum 3200 MWe per unit 

Installation area of the planned nuclear power plant:  site of the Paks Nuclear Power Plant 

Planned start of the commercial operation of the new units:  2025 - Paks II Nuclear Power Plant, unit 1  

2030 - Paks II Nuclear Power Plant, unit 2 

Planned life of the new units:   at least 60 years 

DETAILS OF THE PLANNED INSTALLATION SITE 

Parcel number of the planned installation site: Paks 8803/15 

Owner of the planned installation area: MVM Paksi AtomerŖmŤ Zrt. 
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DETAILS OF THE EXPERTS (DESIGNERS) WHO PREPARED THE ENVIRONMENTAL IMPACT 

ASSESSMENT STUDY 

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

Designerôs name:  MVM ERBE ENERGETIKA M®rnºkiroda Z§rtkºrŤen MŤkºdŖ R®szv®nyt§rsas§g  

 (MVM ERBE ENERGETIKA Engineering Company Limited by Shares) 

Official abbreviation of the Designerôs name:  MVM ERBE Zrt. 

Address of the designerôs registered office:  1117 Budapest, Budafoki ¼t 95. 

Designerôs company registration number:  01-10-045821 

Head of the designer:    Farkas Doh§n - Chief Executive Officer  

The technical condit ions of the environmental impact assessment study and l icensing for the 
planned nuclear power plant units are provided by the basic technical parameters elaborated on 
the basis of the maximum environmental emission values causing maximum environmental load, 
which are based on the prel iminary data reported by the supplier of the units, the published data 
of nuclear power plants already being bui l t ,  and the reference data of similar units that have 
been implemented. On the instal lat ion site plan the bui ldings and structures were arranged on 
the basis of technological considerations, taking into account those technological units with the 
maximum spatial requirement. The basic specif ications were prepared by MVM ERBE Zrt.  
(ERBE). 

The environmental impact assessment of a nuclear power plant is a highly complex task 
comprising a large number of special isations, the implementation of which requires broad 
professional  cooperation.  

To this end, ERBE used the services of professionally recognized, cert i f ied subcontractors for 
the purpose of elaborating the environmental impact assessment programme and compil ing the 
environmental impact assessment study. 

The system of professional organisations cooperating in each special isat ion was the fol lowing. 
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Projektvezet®sðProject management 
Technol·giaðTechnology 
Mťszaki Igazgat·s§gðTechnical Directorate 
Tervez®si ®s beruh§z§s elŗk®sz²t®si Fŗoszt§lyð Department of Design and Project Preparation 

¶ G®p®sztechnol·giai ®s Tervez®si Oszt§ly ïDepartment of Engineering Technology and Design 

¶ £p²t®szeti ®s Tervez®si Oszt§ly ï Department of Architecture and Design 

¶ Villamos Ir§ny²t§stechnikai ®s Tervez®si Oszt§ly ïDepartment of Electrical Control Engineering and Design 
Kºrnyezetv®delmi Oszt§lyðDepartment of Environmental Protection 

 
£p²tett kºrnyezetïBuilt environment  
 
Felsz²ni v²z ïSurface water 
Felsz²n alatti v²z ïSubsurface water 
Fºldtani kºzeg ïGeological medium 
 
ZajïNoise 
 
LevegŖïAir 
 
£lŖvil§gïWildlife 
 
Hullad®kokïWaste 
 
Kºrnyezeti radioaktivit§sïAmbient radio activity 
Lakoss§gïPopulation  
£lŖvil§gïWildlife 
 
Kºrnyezetv®delmi Oszt§lyïDepartment of Environmental Protection 
£p²t®szeti ®s Tervez®si Oszt§lyïArchitecture and Design Department 
 

The fol lowing experts contributed to the elaborat ion of the environmental  impact assessment 
of the planned nuclear power plant units and to the compilation of the impact assessment 
study: 



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site  
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 5/217 

 

 

MVM ERBE Zrt. 

Technical Directorate 
o Department of Environmental Protection 

Zsuzsanna Rudi ï Department Head 

Registration number at the Hungarian Chamber of Engineers: 13-8475 
Expertsô licences:  
SzKV-1.1; SzKV-1.2; SzKV-1.3, SzKV-1.4 (Valid: for an indefinite period) 

Zs·fia Feh®r ï Environmental Specialist 

Registration number at the Hungarian Chamber of Engineers: 13-11655 
KB-T; SzKV-1.1; SzKV-1.2; SzKV-1.3 (11/29/2018) 
SzKV-1.4 (03/27/2018) 
Sz-010/2010: SzTjV, SzTV (until withdrawal) 

Benedek T·th ï Environmental Specialist 

Registration number at the Hungarian Chamber of Engineers: 13-14747 
KB-T; SzKV-1.1; SzKV-1.2; SzKV-1.3 (03/28/2018) 

D§vid Pint®r ï Environmental Specialist 

Registration number at the Hungarian Chamber of Engineers: 07-51764 
SzKV-1.1; SzKV-1.2; SzKV-1.3, SzKV-1.4 (for an indefinite period) 

o Department of Design and Project Preparation 

G§bor Kov§cs - Department Head 

Department of Mechanical Engineering Technology and Design 

Gyºrgy Kottner ï Department Head 

Registration number at the Hungarian Chamber of Engineers: 01-63942 
ME-EN/I, BB 

Tivadar Tajti ï senior engineering specialist 

Registration number at the Hungarian Chamber of Engineers: 01-64755 
Sz£M 6 (08/01/2017); NSZ-4.2; NSZ-10.1. 

Attila Solcz ï senior engineering specialist 

Registration number at the Hungarian Chamber of Engineers: 01-13485 
GP-T 

Attila T·th ï mechanical engineering specialist 

Registration number at the Hungarian Chamber of Engineers: 01-10925, 
01-50634 
MV-£G; ME-G; T£; G; NSz-4.3; ME-EN; ME-EN-VE 

G§bor P®ter Kiss ï mechanical engineering specialist 

M§ty§s Hunyadi ï mechanical engineering specialist  

M§ty§s Pint®r ï mechanical engineering specialist 

Department of Electrical Control Engineering and Design 

L§szl· Kºk®ny ï Deputy Department Head 

Registration number at the Hungarian Chamber of Engineers: 01-8103, 01-
64952 
Sz£M 6, NSZ-8.1, EN-Hŕ, EN-VI, EN-ME (valid up to: 02/16/2015) 

G§bor Lengyel ï senior electrical engineering specialist 

Department of Architecture and Design 

Szilvia Ligeti ï architect and licensing specialist 

Registration number at the Chamber of Architects: £ 01-4151 

Attila Lepp-Gazdag ïspecialist in supporting structures, nuclear specialist 

Registration number at the Hungarian Chamber of Engineers: 13-12800, 
13-50657 
NSz 7; T, ME-£, ME-M, T£ 

Zita S§rosi ï architect 

Registration number at the Chamber of Architects: £ 01-1827 

Nuclear Power Plant Engineering Head Department 
o Department of Mechanical Engineering Technology 

Z·ja M¿ller ï senior engineering specialist 
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Registration number at the Hungarian Chamber of Engineers: 13-63726 
NSz 4.2, NSz 5.1, NSz 5.2, NSz 6 
OSSKI-2012-Ć-3377-09 

 
VITUKI Hungary Kft. 

VITUKI Hungary Kft. 
S§ndor Sz®l ï managing director, engineer, senior research fellow 

Registration number at the Hungarian Chamber of Engineers: 01-11986 
VZ-TEL, VZ-TER, VZ-VKG, KB-T (02/09/2017), SZ£M3, NSz 7. 
(10/04/2017) 
SzVV-3.1, SzVV-3.2, SzVV-3.3, SzVV-3.4, SzVV-3.5, SzVV-3.6, SzVV-3.7, 
SzVV-3.9, SzVV-3.10, SzKV-1.1; SzKV-1.2; SzKV-1.3; SzKV-1.4 
(02/09/2017) 

Dr Istv§n Zsuffa - PhD, engineer, scientific consultant 
Dr Istv§n Galambos - PhD, engineer, scientific consultant  
G§bor Kr§nitz ï managing director, engineer, senior research fellow 

Registration number at the Hungarian Chamber of Engineers: 01-15089 
VZ-TEL, VZ-TER, VZ-VKG, KB-T (11/02/2019) 

B®la Licsk·, engineer, senior research fellow 
Registration number at the Hungarian Chamber of Engineers: 01-9488 
VZ-Sz, SzVV-3.1, SzVV-3.5 (03/31/2016) 

K§roly Szalav§ri ï engineer, senior research fellow 

 

Isotoptech Zrt. 

Mih§ly Veres ï Chairman, CEO 
Registration number at the Hungarian Chamber of Engineers: 09-51745 
NSz 10.1, NSz 10.2, NSz 10.3, NSz 11 

Andor Hajnal ï research fellow 
Dr Zolt§n DezsŖ ï senior research fellow, PhD in physics 
Andrea Cz®bely ï senior research fellow 

Registration number at the Hungarian Chamber of Engineers: 09-1118 
SzKV-1.3 (07/25/2018) 

Dr L§szl· Rinyu ï technical director, PhD in physics 
Gergely Orsovszki ï research fellow 
Ćrp§d Bihari ï research fellow 
R·bert Janovics ï research fellow 
Dr Istv§n Fut· ï head of quality and environmental management 

 

K®k Csermely Kft 

Gyºrgy Maj§n ï managing director 
Registration number at the Hungarian Chamber of Engineers: 01-3036 
SzKV-1.1; SzKV-1.3; VZ-T (08/22/2018) 

P®ter Nagy ï managing director 
P§l Guly§s ï CSc in biological sciences 

 

Smaragd GSH Kft. 

K§roly Gond§r ï managing director 
Registration number at the Hungarian Chamber of Engineers: 13-8288 
VZ-T, SzKV-1.1; SzKV-1.3, SzVV-3.1, SzVV-3.9, SzVV-3.10 (02/24/2019) 

Katalin Gond§r SŖregi ï deputy managing director 
Registration number at the Hungarian Chamber of Engineers: 13-8286 
VZ-T, SzKV-1.1; SzKV-1.3, SzVV-3.1, SzVV-3.9, SzVV-3.10 (02/24/2019) 

£va Kun ï project engineer 
Registration number at the Hungarian Chamber of Engineers: 01-10911 
VZ-T, SzKV-1.3, SzVV-3.9, SzVV-3.10 (02/24/2019) 

L§szl· Weiszer ï project engineer 
Mrs N§ndor Kºnczºl ï Geographic Information System specialist 
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SCIAP Kutat§s-Fejleszt®si ®s Tan§csad· Kft 

B®la Halasi-Kov§cs ï managing director, nature conservation specialist 
Sz-002/2013 SZTV wildlife protection 

J·zsef N®meth ï hydrobiologist 
Dr G§bor Borics ï ecologist 
Dr Bal§zs Andr§s Luk§cs ï nature conservation expert 

Sz-029/2008: SzTjV, SzTV (07/02/2013 extension in progress) 
Dr Csaba De§k ï ecologist 

 

Fr®d®ric Joliot-Curie National Research Institute for Radiobiology and Radiohygiene 

o Department of Radiohygiene 
N§ndor F¿lºp ï Department Head 

o Division of Nuclear, Occupational and Medical Radiation Protection and Safety 
L§szl· Juh§sz ï Division Head 
Ćd§m Salik ï researcher 
M§t® Lajos ï researcher 
Anna M§ria Motoc ï researcher 

o Division of Environmental and Public Radiohygiene 
Istv§n Szab·, Division Head 
Zsolt Homoki ï researcher 
J¼lia Kºvendi K·nya ï researcher 

¶ Environmental Modelling and Dosimetry Group 
N§ndor Glavatszkih ï group head, senior counselor 

o Division of Cellular and Immune-radiobiology 
Dr Katalin Lumniczky ï Division Head 

 

Tºlgy Term®szetv®delmi Egyes¿let 
Dr G§bor Bakonyi  

Wildlife protection specialist license number: Sz-018/2013: SzTV 
Dr N§ndor Oertel ï Sz-023/2013 SzTV 
Dr J§nos Nosek 
Dr Zsolt Gergely Szºv®nyi ï Sz-015/2013: SzTV 
Tibor Kov§cs ï Sz-014/2013: SzTV 
L§szl· Peregovits ï Sz-024/2013: SzTV 
Csaba Szab·ki 
Dr Erzs®bet Hornung ï Sz-011/2013: SzTV 
D§vid F¿lºp ï Sz-068/2013: SzTV 
Dr Tibor ErdŖs ï Sz-022/2013: SzTV 
P®ter S§ly 
Dr Istv§n Kiss ï Sz-006/2013: SzTV 
Dr Norbert M§trai ï Sz-017/2013: SzTV 
Dr Vilmos Altbªcker 

 

Civil Society Organisation for Radio-ecological Cleanliness 
Tibor Kov§cs  

Registration number: 19/1005 
KB-T; SzKV-1.1; SzKV-1.2; SzKV-1.3 (05/20/2019) 

R·bert M®sz§ros 
Chamber registration number: 01-15261 

Istv§n Lagzi 
  

 

Dr Ćrp§d N®nyei 
Registration number at the Hungarian Chamber of Engineers: 17-0651 
N-S-1, N-S-2 
17085/2011/EFIK 
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CONCEPT OF THE EIAS CONTENT STRUCTURE 

The purpose of the environmental impact assessment analysis performed before building the Paks II Nuclear Power 
Plant on the Paks site is to identify and evaluate the environmental impacts of the planned nuclear power plant 
technology on the individual elements and systems of the environment depending on the condition and load capacity of 
the design area. 

The preliminary consultation documentation examined the five potential unit types. The competent environmental 
authority designated to act in the matters of the Paks Nuclear Power Plant, i.e. the South-Transdanubian Environmental 
and Nature Conservation Supervisory Authority (DdKTF) issued its opinion No. 8588-32/2012 on the basis of this 
documentation. 

On 14 January 2014, the Hungarian Government entered into an agreement with the Government of the Russian 
Federation on the renewal of the nuclear cooperation agreement, which was concluded by the two countries several 
decades earlier. Hungaryôs Parliament approved the agreement concluded between the two governments in Act II of 
2014 on the promulgation of the Treaty on cooperation between the Government of Hungary and the Government of the 
Russian Federation in the field of the peaceful use of nuclear energy. Based on the agreement, two additional 1200 MW 
units will be built on the site of the Paks Nuclear Power Plant, with the Russian Competent Authority acting as the main 
contractor.  

Thus, from among the versions taken into consideration in the Preliminary Consultation Documentation (PCD), the 
Environmental Impact Assessment Study (EIAS), which describes the completion of and sums up the Paks II 
environmental impact assessment, analysed the possibility to assess significant environmental impacts of the Russian 
nuclear power plant technology selected for implementation, its main connections, cooling water intake, discharge of the 
hot water into the river Danube, and the unit power line that carries the electricity generated in the power plant, also 
taking into account the opinion given on PCD. 

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

The environmental impacts of a project can be assessed either in time sequence, i.e. in the order of the implementation, 
operation and decommissioning processes, or according to the individual environmental elements and systems. 

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

The content of the environmental impact assessment study is structured on the basis of the general descriptions given in 
Annexes 6, 7 and 10 of Government Decree 314/2005. (XII. 25.) on the procedural rules of performing environmental 
impact assessment analyses and issuing integrated permits for use of the environment. 

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

× detailed description of the planned nuclear power plant project and presentation of the basic technological 
data, 

o volume of the activity, 
o expected date and duration of the installation and operation, 
o description of the implementation of the planned technology, 
o list of the facilities required for the implementation of the activity and their locations, 
o water supply, 
o management of waste water and sewage generated in the course of implementation, 
o main indicators of material use, 
o the magnitude of freight and passenger transport required for the activity, 
o related operations required for the implementation of the activity, 
o other related operations; 

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

× presentation of the previously examined and considered versions 
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× specification and calculation of the environmental impacts of the power plant technology on the individual 
elements and systems of the environment 

× delimitation of the areas affected by the planned project 

× description of cross-border impacts. 

Based on all these, the Paks II. Environmental Impact Assessment Study is divided into the following main chapters: 

1 Basic information on the planned project 

2 Forecasts and strategies related to the planned project 

3 A general guide to nuclear engineering 

4 Description of the planned installation site 

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

6 Characteristics and basic specifications of the Paks II Nuclear Power Plant planned to be built on the Paks site 

7 Connection to the Hungarian power grid 

8 Potential impact factors and impact matrices of Paks II 

9 Social and economic effects 

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

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

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

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

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

15 Noise and vibration 

16 Ambient air 

17 Non-radioactive wastes 

18 Wildlife and ecosystem 

19 Radioactive wastes and spent fuels 

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

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

22 Summary impact matrices and aggregate impact areas 

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

1 Basic information regarding the planned project 

This chapter describes the activities during the preparation of the planned project, the general procedure required 
for the licensing of the planned new nuclear power plant units and the current situation of environmental licensing. 

2. Forecasts and strategies related to the planned project 

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

3. A general guide to nuclear engineering 

This chapter gives a general overview of the current state of nuclear power generation, pressurized water reactor 
(PWR) units, the benefits of III+ generation PWR type units against other types, the international organisations 
regulating and supervising nuclear energy use, the fundamental principles of nuclear safety and the various events. 

4. Description of the planned installation site 

This chapter describes the location of the installation area, its ownership, the infrastructure connections of the 
installation site, the Paks Nuclear Power Plant, its related facilities and monitoring systems located in the 
neighbourhood of the Paks Nuclear Power Plant, and summarizes the features and characteristics of the Paks site.  

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

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

6. Characteristics and basic specifications of the Paks II Nuclear Power Plant planned to be built on the Paks site 

This chapter gives a detailed description of the characteristic features and fuel of the Russian VVER units planned 
to be erected on the Paks site, the primary circuit, the secondary circuit, the planned cooling systems, the auxiliary 
systems and facilities, the control engineering technology, telecommunication, the power systems, the architectural 
solutions, the installation site plan, physical protection and the characteristic of nuclear safety. At the end of the 
chapter a summary is given of the characteristic features of the implementation, operation and decommissioning of 
Paks II. 

7. Connection to the Hungarian power grid 

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

8. Potential impact factors and impact matrices of Paks II 

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

9. Social and economic effects 

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

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

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

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

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

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

A highly detailed analysis and evaluation is given of the characteristic physical and chemical parameters of the 
Danube, of the characteristic features of the fauna and flora in the Danube (phytoplankton, phytobenton, 
macrophyte, macrozoobenton, fish communities), of the status of the Danube sections upstream and downstream 
of the Paks Nuclear Power Plant site, and of changes in the Danube properties, especially those of water habitats, 
based on the parameters determined for the standard situations resulting from the findings of the modelling. The 
development and operation of an environmental monitoring system is proposed. 

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

In this chapter the area subject to analysis is identified, the initial condition of the geological formation and the 
subsurface waters on the site and in its immediate environs are characterized, and then the impacts of the 
implementation, operation and decommissioning of Paks II on the geological formation and the subsurface waters 
are analysed and assessed. A proposal is presented for the implementation of a system for monitoring subsurface 
waters. 

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

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

In this chapter the noise generated by the implementation and operation of Paks II are presented on the basis of 
the baseline noise and vibration condition of the surveyed area, and then the noise reduction options and the 
proposed ambient noise monitoring system are described. 

The detailed data and calculations related to the measurements, and the data of the affected areas marked out as a 
result of noise modelling during the environmental impact assessment are attached for use by DdKTF. 
The subfolder Zaj_rezges_alapmeresek in the folder PaksII_KHT_Zaj_mellekletek contains the detailed data of the 
2012 and 2014 baseline measurements, and subfolder KHV_zajhatasteruletek contains the graphic displays of the 
defined impact areas, and the parcel numbers of the affected areas. 

16. Ambient air 

This chapter describes the air quality in the analysed area, the impacts of non-radioactive air pollutants emitted 
during the implementation and operation of Paks II, and the recommended ambient air monitoring system. 

17. Non-radioactive wastes 

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

18. Wildlife and ecosystem 

In this chapter the exemplary biomonitoring analyses of the environs of the Paks Nuclear Power Plant are outlined, 
the initial condition of the area is characterized and, based on this, estimates are given for the impacts of the 
implementation and operation of Paks II on the affected part of the Tolna Section of the Danube (HUDD20023) 
according to Natura 2000. 

19. Radioactive wastes and spent fuels 

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

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

This chapter gives a description of the current ambient radioactivity on the territory within a 30 km radius of the 
power plant, characterizes the health condition of the population living within 30 km from the power plant, and the 
exposure of the population living within 30 km of the power plant to radiation. Based on the relevant radiation 
protection requirements, the impacts of the implementation and operation of Paks II on the exposure of the 
population of the site environs to radiation are modelled and evaluated. 

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

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

22. Summary impact matrices and aggregate impact areas 

This chapter gives a summary of the findings of the Paks II environmental impact assessment, a summary impact 
matrix determining the processes triggered by the direct impact factors related to its implementation and operation, 
and the aggregated impact areas. 

  



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site  
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 12/217 

 

SUMMARY CONTENTS OF THE EIAS: 

1 Basic information regarding the planned project 

1.1 Activities in preparation for the planned project 
1.2 General description of licensing the planned nuclear power plant 
1.3 Current state of environmental licensing for the new nuclear power plant units 

2. Forecasts and strategies related to the planned project 

2.1 Forecasting Hungaryôs power consumption 
2.2 National Energy Strategy 2030 
2.3 National Climate Change Strategies 
2.4 National Environmental Programme 

3. A general guide to nuclear engineering 

3.1 Nuclear power generation in the world 
3.2 General introduction into pressurized water reactor (PWR) units 
3.3 Advantages of III+ generation PWR units over other types 
3.4 International organisations for the regulation and supervision of nuclear power use 
3.5 Nuclear safety 
3.6 International Nuclear Event Scale 

4. Description of the planned installation site 

4.1 Location and ownership of the planned installation site 
4.2 Infrastructural connections of the installation site 
4.3 The Paks Nuclear Power Plant and its associated facilities 
4.4 Monitoring systems in the neighborhood of the Paks Nuclear Power Plant 
4.5 Summary of the topographic features and characteristics of the Paks site 

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

5.1 Cooling requirements and options for electric power plants with condensers 
5.2 Legislation and limits applicable to heat load on the aquatic environment 
5.3 Cooling methods eligible for the Paks site 

6. Characteristics and basic specifications of the Paks II Nuclear Power Plant planned to be built on the 
Paks site 

6.1 Historical development of the Russian VVER units 
6.2 Characteristics of the Russian units planned to be installed on the Paks site 
6.3 Fuel 
6.4 Primary circuit 
6.5 Secondary circuit 
6.6 Cooling systems 
6.7 Auxiliary systems and auxiliary facilities 
6.8 Control engineering 
6.9 Telecommunication 
6.10 Electrical systems 
6.11 Architecture 
6.12 Physical security 
6.13 Nuclear safety 
6.14 Characteristics of building Paks II 
6.15 Characteristic features of operating Paks II 
6.16 Decommissioning the new nuclear power plant units 

7. Connection to the Hungarian power grid 

7.1 Compatibility of the new units with the Hungarian power grid 
7.2 Installation site of the new 400 / 120 kV Paks II substation 
7.3 400 kV line in the unit and the 120 kV power transmission line 

  



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site  
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 13/217 

 

8. Potential impact factors and impact matrices 

8.1 Potential impact factors 
8.2 Potentially affected parties 
8.3 Potential impact matrix 

9. Social and economic effects 

9.1 Examination of the urban and rural development and zoning characteristics of the area within 30 km of the plant 
9.2 Examination of the economic characteristics of the area within 30 km of the plant 
9.3 Transport routes in the area within 30 km of the plant 
9.4 Land use and spatial structure in the area within 30 km of the plant 
9.5 Regional development concepts and programs 
9.6 Characteristics of the population living within 30 km of the plant 
9.7 Impacts of the Paks project 

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

10.1 Introducing the characteristics of the natural environment 
10.2 Analysis of the climate profile of Paks and its environs within a 30 km radius 
10.3 Micro- and mezo-climate in the vicinity of the planned site 
10.4 Climate modelling 

11. Modelling the Danube bed morphology and heat load on the Danube 

11.1 Applicable legislation 
11.2 General hydrography of the river Danube 
11.3 Modelled states, applied models 
11.4 Standard operating conditions and times for modelling the Danube 
11.5 Identifying the model areas by naming the applied models 
11.6 Methodology for examining the standard load conditions, scaling the models 
11.7 The baseline condition of the section of the Danube under review 
11.8 Impacts of building Paks II on the river Danube 
11.9 Impacts of operating Paks II on the river Danube 
11.10 Expected impacts of decommissioning Paks II on the river Danube 
11.11 References 

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

12.1 Applicable legislation 
12.2 The section of the Danube under review (Dunafºldv§r-Baja) 
12.3 The baseline condition of the section of the Danube under review, between rkms 1560.6 and 1481.5 
12.4 The baseline condition of other nearby surface waters 
12.5 Impacts of building Paks II on the river Danube 
12.6 Impacts of operating Paks II on the river Danube 
12.7 Impacts of decommissioning Paks II on the river Danube 
12.8 Environmental monitoring system 
12.9 References 

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

13.1 Applicable legislation ï Regional classification and limits 
13.2 Vertical and horizontal limits of the area under review 
13.3 General characteristics of the subsurface aquatic environment below the area under review 
13.4 The baseline status of the geological formation and subsurface waters on the site and in its immediate environs 
13.5 The impact of Paks IIôs implementation on the geological formation and subsurface waters under the site 
13.6 The impact of Paks IIôs operation on the geological formation of and subsurface waters under the site 
13.7 The impact of Paks IIôs decommissioning on the geological formation and subsurface waters under the site 
13.8 References 

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

14.1 Applicable legislation ï Regional classification and limits 
14.2 The baseline environmental condition of area under review 
14.3 The method used to assess the indirect impact of Paks II on subsurface waters 
14.4 The indirect heat impact of Paks IIôs operation 
14.5 Expected indirect impacts of Paks IIôs building and decommissioning 



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site  
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 14/217 

 

14.6 Paks IIôs indirect impact on subsurface waters in the case of malfunctions, accidents and emergencies 
14.7 Environmental monitoring system 
14.8 References 

15. Noise and vibration 

15.1 Applicable legislation ï Regional classification and limits 
15.2 Measurements of noise and vibration exposure baselines 
15.3 Introducing the environmental noise modelling approach used, initial criteria 
15.4 The environmental noise impact of building Paks II 
15.5 The environmental noise impact of operating Paks II 
15.6 The environmental noise impact of decommissioning Paks II 
15.7 Paks II Environmental noise monitoring system 
15.8 Noise reduction options 
15.9 Paks II Environmental vibration monitoring system 
15.10 Vibration reduction options 

The detailed data and calculations related to the measurements, and the data of the affected areas marked out as a 
result of noise modelling during the environmental impact assessment are attached for use by DdKTF. 
The sub-folder Zaj_rezges_alapmeresek in the folder PaksII_KHT_Zaj_mellekletek contains the detailed data of the 
measurements made about the 2012 and 2014 basic condition, graphic displays of the defined impact areas, and the 
parcel numbers of the affected areas. 

16. Ambient air 

16.1 Applicable legislation ï Regional classification and limits 
16.2 The air condition of area under review 
16.3 Modeling the propagation of non-radioactive air pollutants 
16.4 The effect on air quality of non-radioactive air pollutants emitted during the building of Paks II 
16.5 The effect on air quality of non-radioactive air pollutants emitted during the operation of Paks II 
16.6 The effect on air quality of non-radioactive air pollutants emitted during the decommissioning of Paks II 

17. Non-radioactive wastes 

17.1 Applicable legislation 
17.2 General characteristics of waste collection, storage, transportation and handling 
17.3 Impacts of building Paks II 
17.4 Impacts of operating Paks II 
17.5 Impacts of decommissioning Paks II 
17.6 Emergencies, accidents 

18. Wildlife and ecosystem 

18.1 Applicable legislation 
18.2 Limits of the areas under review 
18.3 The exemplary biomonitoring analyses of the environs of the Paks Nuclear Power Plant ï the initial condition of 

the area 
18.4 Impacts of building Paks II on wildlife 
18.5 Impacts of building Paks II on wildlife 
18.6 Impacts of decommissioning Paks II on wildlife 
18.7 Natura 2000 impact assessment of the affected section of the river Danube in Tolna county (HUDD20023) 

19. Radioactive wastes and spent fuels 

19.1 Applicable legislation 
19.2 Radioactive waste and spent fuels 
19.3 Management of radioactive waste 
19.4 Management of spent fuels 
19.5 Decommissioning nuclear power plant units 
19.6 Baseline report 
19.7 Impacts of building Paks II 
19.8 Impacts of operating Paks II 
19.9 Impacts of decommissioning Paks II 

  



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site  
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 15/217 

 

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

20.1 Applicable legislation 
20.2 Current radioactivity levels in the environment within 30 km of the plant 
20.3 The health status of the population living within 30 km of the plant 
20.4 Current radioactivity loading of the population living within 30 km of the plant 
20.5 Impact of building Paks II on the radioactivity loading of the population living in the vicinity of the plant 
20.6 Impact of operating Paks II on the radioactivity loading of the population living in the vicinity of the plant 
20.7 Impact of decommissioning Paks II on the radioactivity loading of the population living within 30 km of 
the plant 

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

21.1 International recommendations for reducing the radiation exposure of wildlife 
21.2 Current exposure of wildlife to radiation in the vicinity of the site 
21.3 Impacts of building Paks II on the exposure of wildlife to radiation in the vicinity of the site 
21.4 Impacts of operating Paks II on the exposure of wildlife to radiation in the vicinity of the site 
21.5 Impacts of decommissioning Paks II on the exposure of wildlife to radiation in the vicinity of the site 

22. Summary impact matrices and aggregate impact areas 

21.1 Summary impact matrix 
21.2 Aggregate impact areas 

  



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site  
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 16/217 

 

 

TABLE OF CONTENTS 

1 BASIC INFORMATION ON THE PLANNED PROJECT ............................................................................... 27 

1.1 Activities in preparation for the planned project ........................................................................................... 27 

1.1.1 Teller Project ................................................................................................................................................. 27 
1.1.2 L®vai Project .................................................................................................................................................. 27 
1.1.3 MVM PAKS II. AtomerŖmŤ FejlesztŖ Zrt - Project Company ......................................................................... 28 
1.1.4 Regulatory support ........................................................................................................................................ 28 
1.1.5 Selection of the units to be built ..................................................................................................................... 28 

1.1.5.1 HungarianïRussian intergovernmental convention ................................................................................................... 28 
1.1.5.2 Act II of 2014 ............................................................................................................................................................. 28 

1.2 General description of licensing the planned nuclear power plant units .................................................... 30 

1.3 Current state of environmental licensing for the new nuclear power plant units....................................... 33 

1.3.1 Preliminary consultation documentation on the potential 5 unit types (PCD) ................................................ 33 
1.3.2 Environmental Impact Assessment Study (EIAS) of the Paks II Nuclear Power Plant .................................. 37 

1.3.2.1 Design basis condition surveys ................................................................................................................................. 37 
1.3.2.2 Technical conditions and installation site plan for the environmental impact assessment analysis .......................... 41 
1.3.2.3 Environmental Impact Assessment Analysis (EIAA) ï Environmental Impact Assessment Study 

(EIAS)...................................................................................................................................................................... 41 
1.3.3 Official consultations preceding the environmental licensing procedure for the Paks II Nuclear 

Power Plant ........................................................................................................................................... 43 

1.4 References ........................................................................................................................................................ 44 

2 FORECASTS AND STRATEGIES RELATED TO THE PLANNED PROJECT ................................................... 45 

2.1 Forecasting electricity consumption in Hungary .......................................................................................... 45 

2.1.1 Forecasting electricity consumption in Hungary up to 2030 .......................................................................... 45 

2.2 National Energy Strategy 2030 ........................................................................................................................ 47 

2.3 National Climate change Strategies ................................................................................................................ 48 

2.3.1 National Climate Change Strategy, 2008ī2025 ............................................................................................ 48 
2.3.2 Second National Climate Change Strategy, 2014-2025 ................................................................................ 49 
2.3.3 Hungarian Low-Carbon Roadmap ................................................................................................................. 49 

2.3.3.1 Theoretical extreme scenarios .................................................................................................................................. 49 
2.3.3.2 Nuclearïcoalïgreen scenario in the National Energy Strategy ................................................................................. 52 

2.4 National Environmental Program .................................................................................................................... 53 

2.5 References ........................................................................................................................................................ 54 

3 A GENERAL GUIDE TO NUCLEAR ENGINEERING................................................................................... 55 

3.1 Nuclear electricity production in the world .................................................................................................... 55 

3.1.1 Operating nuclear power plants ..................................................................................................................... 56 
3.1.2 Ongoing projects............................................................................................................................................ 56 

3.2 A general introduction of pressurized water reactor (PWR) units ............................................................... 56 

3.2.1 Power production process in units operating with PWR reactors .................................................................. 56 
3.2.1.1 Fuel ............................................................................................................................................................................ 57 
3.2.1.2 Primary circuit ............................................................................................................................................................ 57 
3.2.1.3 Secondary circuit ....................................................................................................................................................... 59 

3.2.2 Characteristic facilities of PWR-type units ..................................................................................................... 60 
3.2.2.1 Facilities in the main building ..................................................................................................................................... 60 



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site  
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 17/217 

 

3.2.2.2 Connected facilities ................................................................................................................................................... 60 

3.3 International organisations regulating and supervising nuclear power use............................................... 61 

3.3.1 International Atomic Energy Agency (IAEA) .................................................................................................. 61 
3.3.2 European Atomic Energy Community (Euratom) ........................................................................................... 61 
3.3.3 Nuclear Energy Agency (NEA) ...................................................................................................................... 62 
3.3.4 International Commission on Radiological Protection (ICRP) ........................................................................ 62 
3.3.5 World Association of Nuclear Operators (WANO) ......................................................................................... 62 
3.3.6 Organisation of European Nuclear Power Producers (EUR) ......................................................................... 63 
3.3.7 Western European Nuclear Regulatorsô Association (WENRA) .................................................................... 63 

3.4 Nuclear safety ................................................................................................................................................... 63 

3.4.1 Basic principles of nuclear safety .................................................................................................................. 63 
3.4.2 Nuclear safety requirements .......................................................................................................................... 69 
3.4.3 Nuclear power plant operational states ï classification of various organisations .......................................... 70 

3.4.3.1 International Atomic Energy Agency (IAEA) .............................................................................................................. 70 
3.4.3.2 Organisation of European Nuclear Power Producers (EUR) ..................................................................................... 70 
3.4.3.3 Normal operation ....................................................................................................................................................... 72 
3.4.3.4 Design Basis Condition ............................................................................................................................................. 72 
3.4.3.5 Design Extension Conditions (DEC) .......................................................................................................................... 73 

3.4.3.5.1 Russian units ....................................................................................................................................................... 74 

3.5 International Nuclear Event Scale ................................................................................................................... 74 

3.6 References ........................................................................................................................................................ 78 

4 DESCRIPTION OF THE PLANNED INSTALLATION SITE ........................................................................... 79 

4.1 Location and ownership of the planned installation site .............................................................................. 79 

4.1.1 Site of the Paks Nuclear Power Plant ............................................................................................................ 79 
4.1.2 The area of the nuclear power plant as entered into the land registry records .............................................. 80 
4.1.3 INSTALLATION SITE OF PAKS II ON THE SITE OF THE PAKS NUCLEAR POWER PLANT ................... 81 

4.2 Infrastructural connections of the installation site[4-4] ................................................................................ 82 

4.2.1 TRANSPORT AND ACCESSIBILITY ............................................................................................................ 82 
4.2.1.1 Road connections ...................................................................................................................................................... 82 
4.2.1.2 Railway connections .................................................................................................................................................. 83 
4.2.1.3 Waterway an nautical connections ............................................................................................................................ 83 

4.2.2 Water supply and waste water disposal ........................................................................................................ 83 
4.2.3 Grid connection ............................................................................................................................................. 83 

4.3 The Paks Nuclear Power Plant and its associated facilities ......................................................................... 84 

4.3.1 Paks Nuclear Power Plant ............................................................................................................................. 85 
4.3.1.1 Security zone of the Paks Nuclear Power Plant ........................................................................................................ 88 

4.3.2 400 kV substation .......................................................................................................................................... 89 
4.3.3 Spent Fuel Interim Storage (SFIS) ................................................................................................................ 89 

4.3.3.1 The SFIS safety zone ................................................................................................................................................ 90 

4.4 Monitoring systems in the neighbourhood of the Paks Nuclear Power Plant ............................................ 91 

4.4.1 Control of traditional environmental condition indicators ............................................................................... 91 
4.4.1.1 Control of waste water and used water emission ...................................................................................................... 91 
4.4.1.2 Groundwater monitoring ............................................................................................................................................ 91 
4.4.1.3 Exposure of the Danube to heat ................................................................................................................................ 91 

4.4.2 Operational Environmental Radiation Protection Control System (PERMS) ................................................. 92 
4.4.2.1 Radioactive emissions and their control .................................................................................................................... 94 

4.4.2.1.1 Aeriform emissions .............................................................................................................................................. 94 
4.4.2.1.2 Liquid emissions .................................................................................................................................................. 95 

4.4.2.2 Assessment of the state of the environment ............................................................................................................. 96 
4.4.2.2.1 Remote metering systems ................................................................................................................................... 96 
4.4.2.2.2 Sampling, laboratory tests ................................................................................................................................... 97 
4.4.2.2.3 Measurement of groundwater tritium activity concentration ................................................................................ 97 



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site  
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 18/217 

 

4.4.2.3 Additional exposure of the population to radiation ..................................................................................................... 97 
4.4.3 Joint Environmental Radiation Monitoring System (JERMS) ......................................................................... 98 
4.4.4 National Environmental Radiological Monitoring System (NERMS) [4-14] .................................................... 99 

4.5 Summary of the topographic features and characteristics of the Paks site ............................................. 101 

4.6 References ...................................................................................................................................................... 102 

5 POSSIBLE CONDENSER COOLING METHODS OF NEW NUCLEAR UNITS ................................................ 103 

5.1 Cooling requirements and options for electricity producing power plants with condensers ................. 103 

5.2 STATUTORY FRAMEWORK AND LIMIT VALUES FOR THE THERMAL LOAD OF AQUATIC 
ENVIRONMENTS .......................................................................................................................................... 104 

5.2.1 General regulation and limits applicable to heat load on the aquatic environment ...................................... 104 
5.2.1.1 European Union ....................................................................................................................................................... 104 
5.2.1.2 Hungary ................................................................................................................................................................... 104 

5.2.2 Regulation of the heat load imposed by nuclear power plants .................................................................... 105 
5.2.2.1 Member States of the European Union ................................................................................................................... 105 
5.2.2.2 Hungary ................................................................................................................................................................... 105 

5.3 Cooling methods to be taken into consideration regarding the Paks site ................................................ 106 

5.3.1 Fresh-water cooling ..................................................................................................................................... 106 
5.3.1.1 Alternative cooling water supply solutions ............................................................................................................... 106 

5.3.1.1.1 Two-stage cooling water supply using a Danube bank water intake structure .................................................. 107 
5.3.1.1.2 Cooling water supply using a bay water intake structure .................................................................................. 108 
5.3.1.1.3 Evaluation .......................................................................................................................................................... 108 

5.3.1.2 Alternative solutions for the discharge of heated cooling water into the Danube ........................................... 109 
5.3.1.2.1 Discharge of warm water through the existing energy dissipation device and through the southern 

side channel branching from the new warm water channel .............................................................................. 109 
5.3.1.2.2 Discharging the warm water through the existing energy dissipation device and through the 

northern channel branching from the warm water channel ............................................................................... 110 
5.3.1.2.3 Evaluation .......................................................................................................................................................... 111 

5.3.1.3 Discharge of heated cooling water in summer ........................................................................................................ 111 
5.3.1.3.1 Limiting the electrical output of the unit ............................................................................................................. 111 
5.3.1.3.2 Mixing in cold cooling water .............................................................................................................................. 111 
5.3.1.3.3 Using supplemental cooling .............................................................................................................................. 111 
5.3.1.3.4 Evaluation .......................................................................................................................................................... 112 

5.3.2 Cooling tower technology ............................................................................................................................ 112 
5.3.2.1 Analysis of tower cooling alternatives ...................................................................................................................... 112 

5.3.2.1.1 Waste heat emission ......................................................................................................................................... 113 
5.3.2.1.2 Main sources of noise and their characteristics ................................................................................................ 113 
5.3.2.1.3 Landscape protection analysis of the studied cooling solutions ........................................................................ 113 

5.3.3 Cost-benefit analysis of the alternative cooling systems ............................................................................. 115 
5.3.3.1 Cost-benefit analysis of fresh water and tower cooling technologies ...................................................................... 115 
5.3.3.2 Cost-benefit analysis of the discharge of heated cooling water in summer ............................................................. 116 

5.3.3.2.1 Fresh water cooling accompanied by limiting the electrical output of the units ................................................. 117 
5.3.3.2.2 Fresh water cooling with added cold cooling water ........................................................................................... 117 
5.3.3.2.3 Fresh water cooling with supplemental cooling ................................................................................................. 118 

5.3.4 Evaluation .................................................................................................................................................... 119 

5.4 References ...................................................................................................................................................... 120 

6 CHARACTERISTICS AND SPECIFICATIONS OF THE PAKS II NUCLEAR POWER PLANT PLANNED 

TO BE BUILT AT THE PAKS SITE ..................................................................................................... 121 

6.1 Development of the Russian VVER units ..................................................................................................... 121 

6.2 Characteristics of the Russian units planned to be installed on the Paks site......................................... 124 

6.2.1 Key technical parameters ............................................................................................................................ 124 
6.2.2 Safety objectives and design solutions ........................................................................................................ 125 

6.3 Fuel .................................................................................................................................................................. 125 



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site  
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 19/217 

 

6.4 Primary circuit ................................................................................................................................................. 126 

6.5 Secondary circuit ............................................................................................................................................ 127 

6.6 Cooling systems ............................................................................................................................................. 128 

6.6.1 Water intake from the Danube ..................................................................................................................... 128 
6.6.2 Condenser cooling system .......................................................................................................................... 129 
6.6.3 Technological (secondary circuit) cooling water system [6-9] ...................................................................... 130 
6.6.4 Emergency cooling water system [6-9] ........................................................................................................ 130 
6.6.5 Water engineering structures of cooling water systems .............................................................................. 132 

6.6.5.1 Existing extended cold-water channel ..................................................................................................................... 132 
6.6.5.2 Water intake structure ............................................................................................................................................. 135 
6.6.5.3 Cooling water pipes ................................................................................................................................................. 135 
6.6.5.4 Turbine condensers and cooling system heat exchangers ..................................................................................... 135 
6.6.5.5 Closed warm-water channels .................................................................................................................................. 135 
6.6.5.6 Aqueduct ................................................................................................................................................................. 136 
6.6.5.7 Water-level control spillway ..................................................................................................................................... 138 
6.6.5.8 New free flow, trapezoid cross-section channel ...................................................................................................... 139 
6.6.5.9 Existing extended warm-water channel ................................................................................................................... 139 
6.6.5.10 Existing energy dissipation device with a second discharge point .......................................................................... 141 
6.6.5.11 Energy recovery hydroelectric plant ........................................................................................................................ 141 

6.7 Auxiliary systems and auxiliary facilities ..................................................................................................... 142 

6.7.1 Desalinated water ........................................................................................................................................ 142 
6.7.2 Technological waste water [6-9] .................................................................................................................. 143 

6.7.2.1 Primary circuit waste water management system ................................................................................................... 143 
6.7.2.2 Turbine building waste water management system ................................................................................................ 143 

6.7.2.2.1 Closed condensate collection system ............................................................................................................... 143 
6.7.2.2.2 Leachate collection system ............................................................................................................................... 144 
6.7.2.2.3 Industrial waste water system ........................................................................................................................... 144 
6.7.2.2.4 Volume of turbine building waste water ............................................................................................................. 144 

6.7.3 Waste water from emergency cooling cells ................................................................................................. 144 
6.7.4 Drinking water ï communal waste water ..................................................................................................... 145 
6.7.5 Rainwater .................................................................................................................................................... 146 
6.7.6 Fire water ..................................................................................................................................................... 146 
6.7.7 Unloading and storage of chemicals ............................................................................................................ 147 
6.7.8 Diesel generators......................................................................................................................................... 147 
6.7.9 Secondary boiler .......................................................................................................................................... 148 
6.7.10 HVAC ........................................................................................................................................................... 148 
6.7.11 Compressed air supply system .................................................................................................................... 149 
6.7.12 District heating system ................................................................................................................................. 149 

6.8 Control engineering ........................................................................................................................................ 149 

6.9 Telecommunication ........................................................................................................................................ 150 

6.10 Electrical systems .......................................................................................................................................... 150 

6.11 Architecture..................................................................................................................................................... 152 

6.11.1 Seismic activity ............................................................................................................................................ 152 
6.11.2 Shallow geological characterisation of the installation site .......................................................................... 154 
6.11.3 Foundation layers of the planned units ........................................................................................................ 165 
6.11.4 Layout ï site drawing for installation ............................................................................................................ 165 
6.11.5 Characteristic features of Paks II buildings and structures .......................................................................... 168 
6.11.6 Visualisation of Paks II ................................................................................................................................. 174 

6.12 Physical protection ......................................................................................................................................... 178 

6.13 Acceptance criteria for the individual modes of operation......................................................................... 178 

6.13.1 Normal operation ......................................................................................................................................... 178 
6.13.2 Design Basis Condition ................................................................................................................................ 178 
6.13.3 Effective international and Hungarian requirements for Design Extension Conditions ................................ 179 



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site  
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 20/217 

 

6.13.4 Operating states of the units and their design basis events ........................................................................ 181 
6.13.5 Requirements for the PSA results of the Russian units ............................................................................... 181 

6.14 Characteristics of establishing Paks II ......................................................................................................... 183 

6.14.1 Installation areas of Paks II. and associated facilities .................................................................................. 183 
6.14.2 Planned stages in the implementation of Paks II ......................................................................................... 183 
6.14.3 Draft time schedule for the implementation of Paks II ................................................................................. 184 
6.14.4 Human resource requirements during the implementation period ............................................................... 184 

6.15 Characteristic features of the operation of Paks II ...................................................................................... 185 

6.15.1 Draft time schedule for the operation of Paks II ........................................................................................... 185 
6.15.2 Human resources required for the operation of the new nuclear power plant units ..................................... 186 
6.15.3 Operational properties of the new nuclear power plant units ....................................................................... 186 

6.15.3.1 Controllability, availability and maintenance ............................................................................................................ 186 
6.15.3.2 Annual power engineering data of the new nuclear power plant units .................................................................... 186 

6.15.4 Annual materials and energy balance of the new nuclear power plant units ............................................... 187 

6.16 Decommissioning the new nuclear power plant units ................................................................................ 188 

6.16.1 INFORMATION ON THE DISMANTLING AND DECOMMISSIONING OF THE PAKS 
NUCLEAR POWER PLANT ................................................................................................................ 188 

6.16.2 Decommissioning strategy to be followed during the dismantling of the new nuclear power plant 
units..................................................................................................................................................... 189 

6.16.3 Financing the dismantling activities, costs ................................................................................................... 191 

6.17 References ...................................................................................................................................................... 192 

7 CONNECTION TO THE HUNGARIAN POWER GRID [7-1], [7-2] ............................................................. 193 

7.1 Compatibility of the new units with the Hungarian power system ............................................................. 193 

7.2 Installation site of the new 400 / 120 kV Paks II substation ........................................................................ 193 

7.3 The 400 kV unit line and the 120 kV transmission line ................................................................................ 194 

7.3.1 Design criteria of the line routes .................................................................................................................. 194 
7.3.2 400 kV unit lines .......................................................................................................................................... 195 
7.3.3 120 kV transmission line .............................................................................................................................. 201 
7.3.4 Common safety zone ................................................................................................................................... 201 
7.3.5 Construction of the transmission line ........................................................................................................... 202 

7.4 References ...................................................................................................................................................... 204 

8 POTENTIAL IMPACT FACTORS OF PAKS II, IMPACT BEARERS AND IMPACT MATRICES .......................... 205 

8.1 Potential impact factors ................................................................................................................................. 205 

8.1.1 Potential impact factors related to the construction and installation of the new units of the 
nuclear power plant ............................................................................................................................. 206 

8.1.1.1 Normal operation ..................................................................................................................................................... 206 
8.1.1.1.1 Typical impact factors ........................................................................................................................................ 206 
8.1.1.1.2 Use of the environmental elements ................................................................................................................... 206 
8.1.1.1.3 Sources of emissions during implementation .................................................................................................... 207 
8.1.1.1.4 Sources of waste during implementation .......................................................................................................... 208 

8.1.1.2 Service breakdowns and emergencies .................................................................................................................... 208 
8.1.1.2.1 Typical impact factors at times of service breakdowns and emergencies ......................................................... 208 
8.1.1.2.2 Sources of emissions at times of service breakdowns and emergencies ......................................................... 209 
8.1.1.2.3 Sources of waste generation at times of service breakdowns and emergencies .............................................. 209 

8.1.2 Potential impact factors related to the operation of the new units of the nuclear power plant ..................... 209 
8.1.2.1 Normal operation ..................................................................................................................................................... 209 

8.1.2.1.1 Typical impact factors ........................................................................................................................................ 209 
8.1.2.1.2 Use of the environmental elements during normal operation ............................................................................ 210 
8.1.2.1.3 Sources of pollutants during normal operation .................................................................................................. 210 
8.1.2.1.4 Sources of waste generation during normal operation ...................................................................................... 211 
8.1.2.1.5 Sources of spent fuel cassette generation during normal operation ................................................................. 211 



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site  
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 21/217 

 

8.1.2.2 Abnormal operation ................................................................................................................................................. 211 
8.1.2.2.1 Typical impact factors during abnormal operation ............................................................................................. 211 
8.1.2.2.2 Sources of pollutants during abnormal operation .............................................................................................. 212 
8.1.2.2.3 Sources of waste generation during abnormal operation .................................................................................. 213 

8.1.2.3 Environmental emissions during operation .............................................................................................................. 213 
8.1.3 Potential impact factors of decommissioning and dismantling the new nuclear power plant units .............. 213 
8.1.4 Environmental emissions and waste volumes ............................................................................................. 213 
8.1.5 Impact bearers ............................................................................................................................................. 214 

8.2 Potential impact matrices .............................................................................................................................. 214 

8.3 References ...................................................................................................................................................... 217 

 

LIST OF FIGURES  

Figure 1.2.1ï1: Nuclear power plant licensing procedure ........................................................................................................................ 32 
Figure 1.3.1ï1: Areas studied in the PCD (10 km, 30 km)[1-1] ................................................................................................................ 34 
Figure 1.3.2-1: Various areas surveyed in the EIA [1-2], [1-3].................................................................................................................. 42 
Figure 2.1.1-1: Expected net electricity consumption up to 2030[2-3] ...................................................................................................... 45 
Figure 2.1.1-2: Required new power generation capacity [2-2] ................................................................................................................ 46 
Figure 2.3.3-1: GHG emissions according to the individual theoretical extreme emission scenarios[2-4] ............................................... 51 
Figure 2.3.3-2: GHG emissions based on the various scenarios of the National Energy Strategy[2-4] ................................................... 52 
Figure 3.1-1: Geographical location of the nuclear power plants of the world[3-1] .................................................................................. 55 
Figure 3.1-2-2: Geographical location of the nuclear power plants of the world[3-2] ............................................................................... 55 
Figure 3.2.1-1: General schematic structure of a PWR reactor[3-5]......................................................................................................... 57 
Figure 3.2.1-2: Overview of a nuclear reactor[3-6] ................................................................................................................................... 58 
Figure 3.2.1-3: Theoretical arrangement of a nuclear island [3-6] ............................................................................................................ 59 
Figure 3.2.1-4: View of a steam turbine unit [3-6] ..................................................................................................................................... 60 
Figure 3.4.1-1: Engineered barriers in the case of nuclear power plant units [3-6] .................................................................................. 65 
Figure 3.4.1-2: Cross-section of the double-walled containment structure [3-6] ...................................................................................... 66 
Figure 3.4.1-3: Protection barriers, defence in depth levels and the hierarchy of interventions [3-14] ..................................................... 67 
Figure 3.5-1: International Nuclear and Radiological Event Scale (INES)................................................................................................ 75 
Figure 4.1.1-1: Overview map of the Paks Plant [4-1] .............................................................................................................................. 79 
Figure 4.1.2-1: Certified copy as of 22 November 2012 of the map of the area of the Paks Nuclear Plant (the Paks District 

Land Registry Office) [4-2] [4-2] ................................................................................................................................................... 80 
Figure 4.1.3-1: The Paks site with the location of the planned new nuclear power plant ......................................................................... 81 
Figure 4.1.3-2: Site of the planned units [4-3] .......................................................................................................................................... 82 
Figure 4.2.3-1: The Paks Nuclear Power Plant and its associated facilities at the Paks site[4-6] ............................................................ 84 
Figure 4.3.1-1: Electricity generation by the Paks Nuclear Power Plant, 1983 to 2013 ........................................................................... 85 
Figure 4.3.1-2: East-west cross-section of the Paks Nuclear Power Plant [4-7] ...................................................................................... 86 
Figure 4.3.1-3: View of the twin units of the Paks Nuclear Power Plant [4-8]........................................................................................... 87 
Figure 4.3.1-4: The security zone of the Paks Nuclear Power Plant [4-6] ................................................................................................ 88 
Figure 4.3.3-1: Paks Nuclear Power Plant KKĆT/SFIS [4-6] .................................................................................................................... 89 
Figure 4.3.3-2: Cross-section of the SFIS [4-6] ........................................................................................................................................ 90 
Figure 4.3.3-3: SFIS safety zone [4-6] ...................................................................................................................................................... 90 
Figure 4.4.2-1: Geographic location of the radiological and environmental monitoring system of the Paks Nuclear Power 

Plant [4-10] ................................................................................................................................................................................... 92 
Figure 4.4.2-2: Structure of the two-level radiological and environmental monitoring system of the Paks Nuclear Power 

Plant [4-11] ................................................................................................................................................................................... 93 
Figure 4.4.2-3: Type ñAò and ñGò remote monitoring stations monitoring the condition of the environment in the vicinity of the 

Paks Nuclear Power Plant [4-12] ................................................................................................................................................. 96 



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site  
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 22/217 

 

Figure 4.4.3-1: Official measuring points within 30 km of the Paks Nuclear Power Plant  [4-13] ............................................................. 98 
Figure 4.4.4-1: Changes in the national average, maximum and minimum gamma dose rates in 2012 [4-15]...................................... 100 
Figure 4.4.4-2: 2012 daily dose rates of the Paks Nuclear Power Plant, measured at its environment monitoring stations [4-

12] .............................................................................................................................................................................................. 101 
Figure 5.3.1-1: Two stage fresh water cooling system ï layout [5-3], [5-4] ............................................................................................ 107 
Figure 5.3.1-2: River bay cooling water supply, water intake from the existing cold water channel - site map ...................................... 108 
Figure 5.3.1-3: Warm cooling water returned using the existing warm water channel, with a new structure at the outlet that 

improves mixing ï site plan ........................................................................................................................................................ 110 
Figure 5.3.2-1: Natural draught wet cooling tower, up to 100 m high ï visual design (birdôs-eye view and side view) .......................... 114 
Figure 5.3.2-2: Natural draught wet cooling tower, with additional fan cooling ï visual design (birdôs-eye view and side view) ............ 114 
Figure 5.3.2-3: Hybrid cooling tower with additional fan ï visual design (birdôs-eye view and side view) .............................................. 115 
Figure 6.1-1 Development of the Russian VVER units [6-1]................................................................................................................... 121 
Figure 6.1-2 Russian units under construction [6-1] ............................................................................................................................... 122 
Figure 6.1-3: Simplified block diagram of a VVER-1200 unit [6-3] ......................................................................................................... 123 
Figure 6.1-4: Longitudinal section of a VVER-1200 unit [6-3] ................................................................................................................ 124 
Figure 6.6.5-1: Characteristic cross-section of the existing cold-water channel extension [6-7], [6-8] ................................................... 134 
Figure 6.6.5-2: Aqueduct view [6-7], [6-8] .............................................................................................................................................. 137 
Figure 6.6.5-3: Characteristic cross-section of the channel bridge above the cold-water channel [6-7] ................................................ 138 
Figure 6.6.5-4: Characteristic cross-section of the existing warm-water channel extension [6-7], [6-8] ................................................. 140 
Figure 6.6.5-5: Site plan of the existing energy dissipation device and a second, new discharge point with a recovering 

hydroelectric plant ...................................................................................................................................................................... 141 
Figure 6.7.4-1: Location of the Cs§mpa Waterworks ............................................................................................................................. 145 
Figure 6.7.4-2: Location of the Paks Nuclear Power Plantôs sewage treatment facility .......................................................................... 146 
Figure 6.10-1: General plan of a power supply system suitable for the power plant, indicating the main equipment items (for 

a single power plant unit) ........................................................................................................................................................... 151 
Figure 6.11.1-1: Epicentres of earthquakes in Hungary and its immediate vicinity (up to 2005) [6-4].................................................... 153 
Figure 6.11.1-2: Seismic zone map MSz EN 1998-1 (EUROCODE 8) National Annex [6-14] ............................................................... 154 
Figure 6.11.2-1: General geological profile along the expansion area [6-15] ......................................................................................... 155 
Figure 6.11.2-2: Routes of the geological profiles of the planned power plant site [6-15] ...................................................................... 156 
Figure 6.11.2-3: 1-1 geological profile of the planned power plant site  [6-15] ....................................................................................... 157 
Figure 6.11.2-4: 2-2 geological profile of the planned power plant site  [6-15] ....................................................................................... 158 
Figure 6.11.2-5: 3-3 geological profile of the planned power plant site  [6-15] ....................................................................................... 159 
Figure 6.11.2-6: 4-4 geological profile of the planned power plant site  [6-15] ....................................................................................... 160 
Figure 6.11.2-7: 5-5 Geological profile of the planned power plant site  [6-15] ...................................................................................... 161 
Figure 6.11.2-8: 6-6 geological profile of the planned power plant site  [6-15] ....................................................................................... 162 
Figure 6.11.2-9: 7-7 geological profile of the planned power plant site  [6-15] ....................................................................................... 163 
Figure 6.11.2-10: 8-8 geological profile of the planned power plant site  [6-15] ..................................................................................... 164 
Figure 6.11.4-1: Paks II installation layout ï General map including the site of the Paks Nuclear Power Plant .................................... 166 
Figure 6.11.4-2: Paks II installation layout ï General map ..................................................................................................................... 167 
Figure 6.11.5-1: Location of the Paks II buildings and structures on the installation layout ................................................................... 168 
Figure 6.11.6-1: Visual design perspectives ........................................................................................................................................... 174 
Figure 6.11.6-2: The planned units and the 400 kV line from a birdôs eye view ï south-west ................................................................ 175 
Figure 6.11.6-3: Visual perspective of the planned units and the 400 kV line at eye-level ï south-west ............................................... 175 
Figure 6.11.6-4: The planned units and the 400 kV line from a birdôs eye view ï north-west ................................................................ 176 
Figure 6.11.6-5: The planned units and the 400 kV line at eye-level ï north-west ................................................................................. 176 
Figure 6.11.6-6: The planned units and the 400 kV line from a birdôs eye view ï north-east ................................................................. 177 
Figure 6.11.6-7: Visual perspective of the planned units and the 400 kV line at eye-level ï north-west ................................................ 177 
Figure 6.14.4-1: Site staff workload diagram considered for calculations [6-10], [6-18], [6-19] .............................................................. 185 
Figure 7.3.2-1: Route of the unit lines between the Paks II Nuclear Power plant and the Paks II substation (Site 2). ........................... 196 
Figure 7.3.2-2: Legend for the route drawing of the unit line on drawing No. V-01195 ERBE ............................................................... 197 
Figure 7.3.2-3: The Martonv§s§r-GyŖr 400 kV overhead transmission line with PINE towers ............................................................... 198 
Figure 7.3.2-4: The P®cs-National Border 400 kV overhead transmission line with PINE towers, line corridor ..................................... 198 
Figure 7.3.2-5: Proposed route of the unit line on the site of the power plant ........................................................................................ 200 



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site  
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 23/217 

 

Figure 7.3.5-1: Martonv§s§r-GyŖr 400 kV overhead transmission line, space required for the assembly and erection of 
towers ......................................................................................................................................................................................... 203 

 

LIST OF TABLES 

Table 1.3.1ï1: Public administration organisations that commented on the PCD: ................................................................................... 34 
Table 1.3.1ï2: Countries contacted in the course of the international procedure .................................................................................... 36 
Table 1.3.1ï3: Questions asked in the course of the international procedure ......................................................................................... 36 
Table 1.3.2-1: Areas surveyed for the baseline report and their dimensions ........................................................................................... 38 
Table 1.3.2-2: Areas surveyed during the EIA and their dimensions ....................................................................................................... 43 
Table 2.1.1-1: Future installed electric power capacity of all the remaining power plants[2-2]................................................................. 46 
Table 2.2-1: Scenarios analysed in the National Energy Strategy ........................................................................................................... 47 
Table 2.3.3-1: Structure of electric power generation according to the individual theoretical extreme emission scenarios[2-4] .............. 51 
Table 3.1.1-1: Breakdown of currently operating reactors by type [3-3] ................................................................................................... 56 
Table 3.1.2-1: Breakdown of currently built reactors by type [3-4] ........................................................................................................... 56 
Table 3.4.1-1: The five hierarchic levels of protection .............................................................................................................................. 64 
Table 3.4.3-1: IAEA proposal for individual plant operational states [3-18] .............................................................................................. 70 
Table 3.4.3-2: EUR classification of operational states [3-19] .................................................................................................................. 70 
Table 3.4.3-3: Breakdown of classification in Hungary, according to the currently effective (October 20th, 2014) NSR ......................... 71 
Table 3.4.3-4: Comparison of operational states according to NSR and the EUR ................................................................................... 72 
Table 3.4.3-5: Classification of operational states according to their probability of occurrence, for new units ......................................... 72 
Table 3.5-1: General criteria of rating nuclear events [3-21] .................................................................................................................... 76 
Table 3.5-2: Examples used for rating events in nuclear facilities to illustrate the INES criteria [3-21] .................................................... 77 
Table 4.4.2-1: Aeriform emissions by the Paks Nuclear Power Plant ï 2013 [4-12] ................................................................................ 95 
Table 4.4.2ï2: Liquid emissions by the Paks Nuclear Power Plant ï 2013 [4-12] ................................................................................... 95 
Table 4.4.2ï3: Dose limit utilisation at the site of the Paks Nuclear Power Plant ï 2013 [4-12] .............................................................. 97 
Table 5.1-1: Breakdown of current nuclear power plant cooling systems [5-1] ...................................................................................... 103 
Table 5.2.1-1:Water contamination limit values for fish waters .............................................................................................................. 104 
Table 5.3.2-1: Specifications of wet tower cooling systems ................................................................................................................... 113 
Table 5.3.3-1: A comparative analysis of the fresh water cooling technology ........................................................................................ 116 
Table 5.3.3-2: Fresh water cooling with output power limitation ............................................................................................................. 117 
Table 5.3.3-3: Analysis of the óFresh water cooling with addition of cold cooling waterô scenario .......................................................... 118 
Table 5.3.3-4: Analysis of the óFresh water cooling with supplemental coolingô scenario ...................................................................... 118 
Table 6.1-1 Russian units under construction [6-2] ................................................................................................................................ 122 
Table 6.1-2: Currently designed projects [6-2]........................................................................................................................................ 122 
Table 6.2.1-1: Main technical parameters of the VVER-1200 type unit [6-4], [6-5], [6-6] ....................................................................... 124 
Table 6.2.2-1: Design solutions or risk countermeasures applied to achieve the objective [6-4], [6-5] .................................................. 125 
Table 6.3-1: Fresh and spent fuel mass [6-5] ......................................................................................................................................... 126 
Table 6.4-1: Specifications of the main equipment in the primary circuit [6-5] ....................................................................................... 126 
Table 6.5-1: Specifications of the main equipment in the secondary circuit [6-5] ................................................................................... 127 
Table 6.6.1-1: Water volumes taken from the Danube for the emergency cooling system in cooling tower mode ................................ 128 
Table 6.6.1-2: Volumes of water taken from the Danube for the emergency cooling system in fresh-water cooling mode ................... 129 
Table 6.6.2-1: Volumes of cooling water for the condenser ................................................................................................................... 129 
Table 6.6.3-1: Technological cooling water volumes .............................................................................................................................. 130 
Table 6.6.4-1: Emergency cooling water volumes .................................................................................................................................. 130 
Table 6.6.4-2: Volumes of replacement cooling water for emergency cooling, with emergency cooling towers .................................... 131 
Table 6.6.4-3: Emergency cooling water volumes for fresh-water cooling ............................................................................................. 131 
Table 6.6.5-1: Boundary conditions of cold-water channel extension [6-7] ............................................................................................ 132 



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site  
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 24/217 

 

Table 6.6.5-2: Paks Nuclear Power Plant and Paks II Coolant volume flow rates during the operation of the Paks nuclear 
power plant ................................................................................................................................................................................. 132 

Table 6.6.5-3: Extension of the cold-water channel [6-7] ....................................................................................................................... 133 
Table 6.6.5-4:Boundary conditions of warm-water channel extension [6-7] ........................................................................................... 139 
Table 6.6.5-5: Extension of the warm-water channel[6-7] ...................................................................................................................... 139 
Table 6.7.1-1: Water balance of the makeup water pre-treatment plant during normal operation ......................................................... 142 
Table 6.7.2-1: Quantity of beyond balance primary circuit technological waste waters ......................................................................... 143 
Table 6.7.2-2: Quantity of liquid waste from the turbine building ............................................................................................................ 144 
Table 6.7.3-1: Maximum quantity of waste water from the emergency cooling cells after elutriation ..................................................... 145 
Table 6.7.7-1: Storing chemicals during operation ................................................................................................................................. 147 
Table 6.13.1-1: Acceptance Criteria ï normal operation [6-16] .............................................................................................................. 178 
Table 6.13.2-1: Acceptance Criteria ï Design Basis Condition [6-16] .................................................................................................... 178 
Table 6.13.3-1: Effective international and Hungarian requirements for Design Extension Conditions ................................................. 180 
Table 6.13.4-1: Operating states and design basis events of the units [6-17] ........................................................................................ 181 
Table 6.14.3-1: Installation time schedule of the Paks II units ............................................................................................................... 184 
Table 6.15.1-1: Operating time schedule of the Paks II units ................................................................................................................. 185 
Table 6.15.1-2: Operating periods of the Paks II units and their joint operation with the existing units of the Paks Nuclear 

Power Plant ................................................................................................................................................................................ 186 
Table 6.15.3-1: Annual power data ........................................................................................................................................................ 186 
Table 6.15.4-1: Materials and energy balance for the operation of Paks II ............................................................................................ 187 
Table 6.16.1-1: Operating life of units 1 to 4 of the Paks Nuclear Power Plant [6-21]............................................................................ 188 
Table 7.3.2-1: Permissible values of electrical field strength and magnetic induction ............................................................................ 198 
Table 7.3.2-2: Measured values of electrical field and magnetic induction ............................................................................................ 199 
Table 8.1.2-1: Service conditions of the units and events carrying the highest risk in the given categories [8-1] .................................. 212 
Table 8.2-1: Summary impact matrix ï identifying the types of impact factors, as well as impact bearers ............................................ 215 
Table 8.2-2: Summary impact matrix, identifying common and radiological impacts ............................................................................. 216 

 

ABBREVIATIONS 

Abbreviated 
name 

Complete name 

ĆNTSz OTH National Public Health and Medical Officer Service, Chief Medical Officer 

ATWS Anticipated Transients Without Scram 

BM Ministry of the Interior 

BME Budapest University of Technology and Economics 

CCS Carbon Capture and Storage 
CFR Code of Federal Regulations (US) 

DBC Design Basis Conditions 

DBT Design Basis Threat (the level of threat, as determined by the state, against which effective physical protection must be 
provided by the party who uses the nuclear power.) 

DdKTF South-Transdanubian Environmental and Nature Conservation Supervisory Authority 

DdKTVF South-Transdanubian Environmental, Nature Conservation and Water Management Supervisory Authority 

DDNPI DanubeïDrava National Park Directorate 

DEC Design Extension Conditions 

DECC Department of Energy and Climate Change of the United Kingdom 

EEC European Economic Community 

PCD  Preliminary consultation documentation 

UN United Nations 

ERBE MVM ERBE ENERGETIKA M®rnºkiroda Z§rtkºrŤen MŤkºdŖ R®szv®nyt§rsas§g; MVM ERBE Zrt. 

ESzCsM Ministry of Health, Social and Family Affairs 

EUR European Utility Requirements 

Euratom European Atomic Energy Community 

E¿M Ministry of Health 

rkm river kilometer, rkm 



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site  
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 25/217 

 

Abbreviated 
name 

Complete name 

MCP Main circulating pump 

GCR Gas-Cooled, Graphite-Moderated Reactor 

GM Ministry of the Economy 

HLCR Hungarian Low-Carbon Roadmap 

LBR Local Building Regulations 

HVAC Heating, Ventilation, Air Conditioning 

IBSS International Basic Safety Standards 

ICRP International Commission on Radiological Protection 

IKIM Ministry of Industry and Commerce 

MI 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 ï EIAS Environmental Impact Assessment Analysis ï Environmental Impact Assessment Study 

KHVM Ministry of Transport, Telecommunications and Water Management 

SFIS Spent Fuel Interim Storage 

KºM Ministry for Environmental Protection 

KPM Ministry of Transport and Post 

KSH NKI Central Statistical Office Population Research Institute 

KvVM Ministry of Environment Protection and Water Management 

MWL Minimum water level 

LOCA LOss of Coolant Accident 

LOOP Loss of Offsite Power 

LWGR Light-Water-Cooled, Graphite-Moderated Reactor 

MAVIR Hungarian Electricity Transmission system operator Private Company Limited by Shares  

HOMG Hungarian Office for Mining and Geology 

MEKH Hungarian Office of Energy and Public Utility Regulation 

MIR Modernized International Reactor 

MKEH Hungarian Trade Licensing Office 

MKM Ministry of Culture and Education 

MVM Zrt. MVM Magyar Villamos MŤvek Z§rtkºrŤen MŤkºdŖ R®szv®nyt§rsas§g 

MVM Paks II. Zrt. MVM Paks II AtomerŖmŤ FejlesztŖ Z§rtkºrŤen MŤkºdŖ R®szv®nyt§rsas§g 

IAEA International Atomic Energy Agency 

NSR Nuclear Safety Regulations 

NREAP National Renewable Energy Action Programme 

NAS National Climate Change Strategy 

NAS 2 Second National Climate Change Strategy 

MND Ministry of National Development 

NM Ministry of Welfare 

OAH NBI Hungarian Atomic Energy Authority, Nuclear Safety Directorate 

P Parliament 

OMSz Hungarian Meteorological Service 

ORFK National Police Headquarters 

OSSKI Fr®d®ric Joliot-Curie National Research Institute for Radiobiology and Radiohygiene 

NZP National Zoning Plan 

¥TM Ministry of Local Governments and Regional Development 

Paks Nuclear 
Power Plant 

MVM Paksi AtomerŖmŤ Z§rtkºrŤen MŤkºdŖ R®szv®nyt§rsas§g; MVM Paksi AtomerŖmŤ Zrt.  

Paks II Paks II Nuclear power plant ï planned new nuclear power plant units at the Paks Site 

PHWR Pressurized Heavy-Water-Moderated and Cooled Reactor 

PSA Probabilistic Safety Assessment 

PWR Pressurized Light-Water-Moderated and Cooled Reactor 

reactor year 
One reactorôs one-year operation corresponds to a reactor year, in other words, the simultaneous operation of the 
currently operative approximately 440 reactors represents 440 reactor years (in one calendar year). 

RHK Kft. Radioakt²v Hullad®kokat KezelŖ Kºzhaszn¼ Nonprofit Kft. (Not for profit Public LTD Company for the Handling of 
Radioactive Wastes) 

SWOT Strengths, Weaknesses, Opportunities, Threats 

NCIS Nature Conservation Information System 

TRU trans-uranium element (with an atomic number higher than 92, i.e. that of uranium) 

GHG Greenhouse gases 

VĆTI VĆTI Magyar Region§lis Fejleszt®si ®s Urbanisztikai Nonprofit Kft 

FSR Final Safety Report 



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site  
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 26/217 

 

Abbreviated 
name 

Complete name 

HPS The Hungarian Power Grid System 

DH Department of Hydrography 

VVER ɺɺʕʈ (ɺʦʜʦ-ɺʦʜʷʥʦʡ ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʈʝʘʢʪʦʨ) - Water-Water Power Reactor 

WANO World Association of Nuclear Operators 

WENRA Western European Nuclear Regulators Association 

ZMCS zone emergency cooling systems 

 



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site 1 Basic Information on the Planned Project 
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 27/217 

 

1 BASIC INFORMATION ON THE PLANNED PROJECT 

The age of large power plants, which provide the overwhelming majority of the supply-side capacity in Hungarian 
electricity generation, is approaching, or in certain cases have already exceeded, the end of their design life-cycles. In 
order to manage part of the supply-side capacity shortage and in view of the planned life of the existing nuclear power 
plant units, Hungary has started making preparations for building new nuclear power plant units.  

The purpose of the project in preparation is to build two modern, III+ generation, pressurized water nuclear power plant 
units, each having 1200 MWe capacity and an expected life of no less than 60 years, next to the Paks Nuclear Power 
Plant, for the generation of electricity for public use, according to the time schedule determined in the National 
Energy Strategy, starting commercial operation in 2025 and 2030, respectively, in order to maintain the supply-side 
share of about 40% of nuclear power in electricity generation over the long term. 

The planned project consists of the following main elements: 

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

1.1 ACTIVITIES IN PREPARATION FOR THE PLANNED PROJECT 

1.1.1 TELLER PROJECT 

Pursuant to Article 7 (2) of Act CXVI of 1996 on Nuclear Energy, Parliament's preliminary provisional consent is required 
to start preparations for the building of any new nuclear facility. In Article 12. f. of its Decision No. 40/2008. (IV. 17.) on 
energy policy between 2008-2020, Hungaryôs Parliament requested the Government to ñstart preparatory work to 
support decision making about the new nuclear power plant units. Following the laying down of the professional, 
environmental and social foundations, it should submit its proposals for the need, conditions, type and installation of the 
power plant to Parliament in due time.ò 

The Teller Project set up by MVM Zrt has prepared expert studies, analyzing the relevant technical, economic, 
commercial, legal and social considerations. The feasibility of various implementation options were examined, a 
preliminary environmental assessment was prepared, and the 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 documents, 
which state that the best choice is a modern pressurized water nuclear power plant, which is 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 specialistsô analyses, Parliament approved with a 95.4% Yes vote on March 30, 2009 the launching of 
activities to support preparations for the building of new nuclear power plant units at the Paks site.  

1.1.2 L£VAI PROJECT 

For the purpose of performing the preparatory activities prescribed in Parliamentôs decision, MVM Zrt set up the L®vai 
Project in June 2009. The following main activities were performed in the framework of the L®vai Project: 

o ordering the preparation of strategic analyses and inquiries to clarify financing options; 
o ordering the preparation of the first draft of a supplier tender documentation; 
o examining the connectivity of the new units to the power grid; 
o assessing the various cooling water supply options; 
o launching the compilation of a preliminary consultation documentation; 
o launching inquiries required for the preparation of an environmental impact analysis; 
o preparing the compilation of an application for a site permit; 
o assessing the workforce requirements; 
o surveying the range of potential domestic suppliers and regional businesses. 
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1.1.3 MVM PAKS II. ATOMERŖMŤ FEJLESZTŖ ZRT - PROJECT COMPANY 

In order to prepare for the building of the new nuclear power plant units, the MVM Group founded MVM Paks II. 
AtomerŖmŤ FejlesztŖ Z§rtkºrŤen MŤkºdŖ R®szv®nyt§rsas§got (MVM Paks II. Zrt) on June 26, 2012.  

The most important tasks of the project company comprise determining the frameworks of the future implementation, 
working out the financing details, and laying down the technical conditions (cooling options, environmental impacts). As 
an important element of the project, the licences required for environmental protection, for site use, for the use of water 
resources and for construction must be obtained. The project company is engaged in legal harmonisation matters as well 
as the analysis of regional economic and social impacts. A further especially important task is to make sure that building 
the new nuclear power plant units will boost Hungaryôs economy as much as possible. 

1.1.4 REGULATORY SUPPORT 

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

On 3 October 3, 2011, Parliament adopted the National Energy Strategy, which identifies the directions of development 
and operation in the next decades up to 2050, and declares that ï in order to facilitate the achievement of its long-term 
economic and environmental objectives ï the state wishes to maintain the current approximately 40% share of nuclear 
power in Hungaryôs power generation.  

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

In view of the strategic role played by nuclear energy in Hungaryôs power supply and in guaranteeing supply safety, and 
with regard to the provisions of the National Energy Strategy adopted by Parliament, in its Decree No. 1196/2012. (VI. 
18.), the Government declared the installation of new nuclear power plant units at the site of the Paks Nuclear Power 
Plant as a high-priority project for the national economy, which is essential for the safe supply of electrical 
energy. 

1.1.5 SELECTION OF THE UNITS TO BE BUILT 

1.1.5.1 HungarianðRussian intergovernmental convention 

On 14 January 2014, the Hungarian Government entered into an agreement with the Government of the Russian 
Federation on the renewal of the nuclear cooperation agreement, which was concluded by the two countries several 
decades earlier. Based on the agreement, two additional 1200 MW units will be built at the site of the Paks Nuclear 
Power Plant with the Russian Competent Authority acting as the main contractor, for which the Hungarian Government 
will be granted an intergovernmental loan from Russia.  

1.1.5.2 Act II of 2014 

During its 6 February, 2014 session Parliament approved the agreement concluded between the two governments in Act 
II of 2014 on the promulgation of the treaty on cooperation between the Government of Hungary and the Government of 
the Russian Federation in the field of the peaceful use of nuclear energy. Here are the relevant provisions of the act: 

Article 1 ï Object of the cooperation 

The Parties shall cooperate in the maintenance of the output of the Paks Nuclear Power Plant, located in Hungary, and 
in its development, including the design, erection, commissioning and decommissioning of two new units with reactors of 
the VVER (water cooling, water moderator) type, each having at least 1000 MW built-in capacity, as provided in this 
Treaty below, in order to replace units 1 through 4, which will be shut down in the future. 
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Article 5 ï Obligations of the Russian Party 

(1) Prepare the feasibility study about the maintenance and improvement of the output of the Paks Nuclear Power Plant, and 
conduct an onsite inspection; 

(2) prepare the design and technical documentation of the core and auxiliary facilities of the power plant with the help of 
computer-aided design software (CAD) and documentation tools, and manage the changes between the design 
documentation and actual building; 

(3) prepare a safety report about the power plant in view of the safety requirements set forth by the statutory regulations of the 
Russian Federation and Hungary and by IAEAôs recommendations, and of the environmental impact assessment study of 
the power plant; 

(4) implement building and installation works in the various facilities of the power plant; 
(5) provide onsite design inspection and oversight of compliance with the power plant building requirements in every stage of the 

power plant construction;  
(6) prepare a quality assurance programme for each stage of power plant building; 
(7) supply the main equipment required for the nuclear island and the technical, electrical, automation systems, devices, tools 

and materials in the amount required for the commissioning of the power plant units, according to the required time 
schedule and safety classification; 

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

(9) assist in organizing the repair activities required in power plant; 
(10) organize and run test runs, ramp up and commission the new nuclear power plant units; 
(11) provide engineering and consultation services for the development of programs and actions for physical security; 
(12) assist the competent Hungarian authority and/or the designated Hungarian organisation in obtaining the special licences 

required for the project to be implemented on the basis of this Treaty, including the transfer of the necessary information 
and documentation, as well as the required modifications made in the interest of compliance with the requirements set by 
the regulatory authorities; 

(13) organize training and re-training courses for the nuclear power plant staff and the experts of the Hungarian Party; 
(14) assist the development of the scientific, technical and technological development programme of the nuclear power sector, 

including the localisation of the elements of nuclear power, nuclear and radiation safety through the application of Russian 
experience and the appropriate developed technologies; 

(15) compile the operational, technical maintenance and repair documentation; 
(16) provide technical assistance to the Hungarian Designated Organisation in the operation, modernisation and reconstruction 

of units 1 to 4 of the Paks Nuclear Power Plant, and in decommissioning the units of the Paks Nuclear Power Plant when 
their design life is over; 

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

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

(19) provide nuclear fuel supply, manage the spent fuel (including recycling), and handle nuclear waste based on the provisions 
of Article 7 of this Treaty. 

Article 6 ï Obligations of the Hungarian Party 

(1) Furnish accurate initial data required for designing and building the new units of the Paks Nuclear Power Plant; 
(2) hand over the construction site required for the new units of the Paks Nuclear Power Plant to the Russian Designated 

Organisation, provide access to the area for the Russian Designated Organisation and the Subcontractors; 
(3) submit the design documentation relating to the development of the Paks Nuclear Power Plant for analysis by government 

specialists, and obtain the subsequent expert opinions; 
(4) obtain the appropriate special permits and licences prescribed in the relevant Hungarian and EU regulations, required for 

implementing the project; 
(5) assist the Russian Competent Authority and/or the Russian Designated Organisation and/or the Subcontractors in obtaining 

the special permits and licences required for the performance of their obligations stipulated in the Implementation 
Agreements; 

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

(7) participate in the preparation of the safety report and the environmental impact assessment study for the Paks Nuclear Power 
Plant with the help of the Russian Designated Organisation; 

(8) prepare the technical documentation and manufacture the equipment according to the Implementation Agreements; 
(9) supply items and materials of the equipment in compliance with the Implementation Agreements and the technical 

specifications given in them; 
(10) manufacture and deliver the consumables and repair instruments for the equipment in compliance with the Implementation 

Agreements and the technical specifications provided in them; 
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(11) inspect and accept the equipment, devices, tools and materials as per the Implementation Agreements; 
(12) design and build the infrastructure facilities at the site of the Paks Nuclear Power Plant, including water and electricity 

supply, access roads and auxiliary facilities, in compliance with the Implementation Agreements; 
(13) provide water and electricity supply to the infrastructure facilities in every stage of the implementation of the various projects 

relating to the Paks Nuclear Power Plant; 
(14) prepare and coordinate with the Russian Designated Organisation the quality assurance programs which the Hungarian 

Designated Organisation is required to perform, in every stage of the implementation of the various projects relating to the 
Paks Nuclear Power Plant; 

(15) ensure that the persons acting for the benefit of the Russian Designated Organisation and the Subcontractors can stay and 
work in Hungary in compliance with the relevant Hungarian regulations in the periods required for their work; 

(16) obtain the import licences for the equipment, materials, works and services required for the implementation of the projects 
stipulated in this Treaty, and organize customs clearance for the goods in accordance with the approved procedural rules;  

(17) provide the workforce required for the implementation of the projects included in this Treaty; 
(18) participate in the work preceding commissioning and putting into operation the new units of the Paks Nuclear Power Plant, 

according to the Implementation Agreements; 
(19) coordinate work related to the manufacturing and delivery of equipment manufactured on the territory of Hungary; (the 

Competent Authorities agree on the list of such equipment and the conditions of their manufacturing and delivery);  
(20) develop and implement the safety measures required for the physical security of the construction area of the new units of 

the Paks Nuclear Power Plant; 
(21) guard the equipment, instruments and materials at the site of the Paks Nuclear Power Plant; 
(22) provide uninterrupted financing as required for all work, transport and services required for the implementation of the 

projects included in this Treaty; 
(23) consult with the Russian Party about training and re-training the staff required for the Paks Nuclear Power Plant; 
(24) participate in basic research and development aimed at the provision of fundamental scientific support to applications and 

facilities related to the operation of the Paks Nuclear Power Plant; 
(25) participate in the training of Hungarian and Russian students and/or scientists for the operation of the Paks Nuclear Power 

Plant, in technical matters related to the peaceful use of nuclear power. 

Article 7 ï Fuel supply and the management of spent fuel 

1 The Parties shall ensure that their respective Authorized Organisations conclude agreements (contracts) for supplying fuel to 
the new units of the Paks Nuclear Power Plant, in the form of fresh fuels, in the amount required for the initial fill-up and for 
subsequent replenishments, and the provision of control rods in the amount required for operation. The supply obligation 
shall be valid and enforceable for at least twenty (20) years and may be extended. 

2 The Parties shall ensure that their respective Authorized Organisations conclude agreements (contracts) for the management 
of the spent fuels handed over (together with all their components) on the basis of the Implementation Agreement. 
Management shall mean that the spent fuels are transported to the territory of the Russian Federation for temporary 
technological storage or technological storage and reprocessing. The spent fuels, or in the case of reprocessing, the 
nuclear waste shall be stored on the territory of the Russian Federation for a length of time prescribed in the agreement 
(contract) mentioned in Article 7 paragraph 1 for the purpose of nuclear fuel supply, and subsequently they shall be 
returned to Hungary. 

1.2 GENERAL DESCRIPTION OF LICENSING THE PLANNED NUCLEAR POWER PLANT UNITS 

The licensing procedures of the new nuclear power plant units can be divided into the following topics: 

1. Radiation protection 
2. Environmental protection 
3. Water law 
4. Nuclear safety 
5. Power engineering 
6. Technical supervision 
7. Architecture 
8. Additional licensing and other procedures 

As several thousand permits and licences need to be obtained for the complete licensing for the planned nuclear power 
plant, only the most important permits and licences are listed below. 
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Radiation protection ï National Public Health and Medical Officer Service (ĆNTSZ) , Chief Medical Officer 

Dose limitation permit  

Environmental protection ï South-Transdanubian Environmental and Nature Conservation Supervisory Authority 
(DdKTF) 

Environmental permit 

Water rights ïFej®r County Disaster Control Directorate 

Preliminary water rights license 

Water rights implementation permit 

Operating license under water rights 

Nuclear safety ï Hungarian Atomic Energy Authority 

Site inspection and assessment permit 

Site permit 

Implementation permit 

Construction permit 

Occupancy permit for buildings and building structures 

System-level permits 

Manufacturing permit 
Procurement permit 
Installation permit 
Type permit 

Commissioning license 

Operation license 

Power engineering  

Power Plant ï Hungarian Office of Power Engineering and Public Utility Regulation 

Preliminary license for power plants having a significant impact on the operation of the power grid 

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

Electricity generation license issued by MEKH 

Grid connection (transmission line) - Baranya County Government Office, P®cs Office of Measures, Standards 
and Technical Safety 

Permit for preliminary works 
Line permit 
Operation license 

Technical supervision ï Hungarian Trade Licensing Office 

Building permits falling within the competence of the Hungarian Trade Licensing Office (MKEH) 

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

Occupancy permits falling within the competence of MKEH 

Architecture ï Municipalities 

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

Physical security 

Procedure as regulated in Article 37 of EURATOM 

Procedure as regulated in Article 41 of EURATOM 

 
ParlamentïParliament 
Elvi dºnt®sïPreliminary decision 
Telephely enged®lyez®sïSite permit 
Kºrnyezetv®delmi enged®lyez®sïEnvironmental licence 
OAH - Telephely vizsg§lat ®s ®rt®kel®sï OAH Site inspection and 
assessment 
D·zismegszor²t§sïDosage limit 
KTF ElŖzetes konzult§ci·ï KTF Preliminary consultation 
Telephely alkalmass§g meg§llap²t§saïImplementation of site suitability 
Kºrnyezeti hat§svizsg§latïEnvironmental Impact Assessment 
Orsz§gos RendŖrfŖkapit§nys§gïNational Police Headquarters 
ĆNTSZ OTH, ĆNTSZ SD, 
Katasztr·fav®delmi Igazgat·s§gïDisaster Control Directorate 
MEKH Villamosenergia-rendszer ¿zem®t l®nyegesen befoly§sol· erŖmŤ elvi 
enged®lyeïMEKH Preliminary licence for power plants having a significant 
impact on the operation of the power system 

Katasztr·fav®delmi Igazgat·s§gïDisaster Control Directorate 
Elvi v²zjogi ®s v²zjogi l®tes²t®si enged®lyekïPreliminary water rights licence 
and water rights implementation permit 
Fizikai v®delem, sug§rv®delem, tŤzv®delemïPhysical protection, radiation 
protection, fire protection 
MEKH L®tes²t®si enged®lyïMEKH Implementation permit 
OAH, MKEH, ºnkorm§nyzatï OAH, MKEH, municipalities  
£p²t®si enged®lyï Building permit 
OAH rendszerszintŤ enged®lyekïOAH system level permits/licences 
OAH ¿zembehelyez®si enged®lyïOAH commissioning licence 
KTF v²zjogi ¿zemeltet®si enged®lyekïWater rights operating licences 
OAH ¿zemeltet®si enged®lyï OAH management licence 
MEKH mŤkºd®si enged®lyïMEKH operating licence

Figure 1.2.1ï1: Nuclear power plant licensing procedure 
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1.3 CURRENT STATE OF ENVIRONMENTAL LICENSING FOR THE NEW NUCLEAR POWER PLANT UNITS 

Based on Article 66 (1) of Act LIII of 1995 on the general rules of environmental protection, any activity subject to 
environmental impact assessment can only be started in possession of the relevant final and non-appealable 
environmental license issued by the environmental authority of the affected region.  

The activities subject to environmental impact assessment are listed in Annex 1 to Government Decree No. 314/2005. 
(XII. 25.) on environmental impact assessment and on the unified procedure of licensing the use of the environment. 
Section 31 of this Decree deals nuclear power plants without any size limitation. 

Thus, as a precondition of implementing the two nuclear power plant units of 1200 MWe electrical output each, the 
environmental impact assessment prescribed in Government Decree No. 314/2005. (XII.25.) must be conducted, the 
findings must be summed up in an environmental impact assessment study, an environmental licensing procedure must 
be conducted 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 site, the 
licensing authority as the competent body appointed to deal with matters related to the site of the Paks Nuclear Power 
Plant is the South-Transdanubian Environmental and Nature Conservation Supervisory Authority (hereinafter: DdKTF).  

1.3.1 PRELIMINARY CONSULTATION DOCUMENTATION ON THE POTENTIAL 5 UNIT TYPES (PCD) 

The environmental licensing procedure started on November 10, 2012 by the submission of preliminary consultation 
documentation No. 6F111121, entitled ñMVM Magyar Villamos MŤvek Zrt, Implementation of New Nuclear Power Plant 
Unitsò, compiled by P¥YRY ERŕTERV Energetikai TervezŖ ®s V§llalkoz· Zrt. [1-1] 1 

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

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

                                                           
1Download the PCD from the website of MVM PAKS II. Zrt at:  
http://www.mvmpaks2.hu/hu/Dokumentumtarolo/EKD-HUN.pdf 
http://www.mvmpaks2.hu/hu/Dokumentumtarolo/EKD-ENG.pdf 

http://www.mvmpaks2.hu/hu/Dokumentumtarolo/EKD-HUN.pdf
http://www.mvmpaks2.hu/hu/Dokumentumtarolo/EKD-ENG.pdf
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Jelmagyar§zatïLegend 
r = 10 km 
r = 30 km 
10 km-en ®rintett telep¿l®sek ïcommunities affected within 10 km 
ºsszes ®rintett telep¿l®sïall affected locations 
megy®kïcounties 

utakïroads 
v²zfoly§sokïwater streams 
telep¿l®shat§rïlocation border 
tavak, t§roz·kïlakes, reservoirs 
erdŖkïforests 
residential areaïtelep¿l®s belter¿let 

Figure 1.3.1ï1: Areas studied in the PCD (10 km, 30 km)[1-1] 

In the course of the procedure conducted by the South-Transdanubian Environmental, Nature Conservation and Water 
Management Supervisory Authority, the following public administrative authorities made comments: 

Public administration agency file number 

Tolna County Government Office, Public Health Administration XVII-R-084/01550-2/2012 

Tolna County Government Office, Public Services Department, Cultural Heritage Protection Department, 
Szeksz§rd 

II-P-18/184-2/2012 

Tolna County Government Office, Plant and Soil Protection Directorate 26.2/1271-2/2012 

Baranya County Government Office, Forestry Directorate II-G-033/8061/1/2012 

Baranya County Government Office, Construction Office, State Chief Architect II-D-15/157-2/2012 

P®cs District Mining Inspectorate PBK/3519-2/2012 

District administrator of Pusztahencse ï Gyºrkºny  629/2012 

District administrator of Dunaszentgyºrgy - N®metk®r - Gerjen 625-5/2012 

Administrator of Bºlcske 1985-2/2012 

District administrator of Zomba, Harc and Medina, representative office at Medina 819-2/2012 

City administrator of Kalocsa  8350-1/2012/H 

Table 1.3.1ï1: Public administration organisations that commented on the PCD: 
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The following parties had not made any comment up to the publication date of the Opinion: 

Tolna County Government Office, Paks District Land Registrar 
Hungarian Atomic Energy Authority 
Titular city administrator of Paks 
District administrator of the communities Nagydorog, Bik§cs and S§rszentlŖrinc 
District administrator of Kºlesd, Kistorm§s, Kajdacs 
District administrator of FoktŖ and Dunaszentbenedek 
District administrator of G®derlak, Ordas and Usz·d 
District administrator of Harta and Dunatet®tlen 
District administrator of Homokm®gy and ¥regcsertŖ 
District administrator of Szakm§r and Đjtelek 
District administrator of Miske and Dr§gsz®l 
District administrator of Si·ag§rd and F§c§nkert 
District administrator of Bogyiszl·, Tengelic, Szedres, Fadd, P§lfa, Madocsa, Dusnok, Dunapataj, B§tya, Fajsz, Vajta, Tolna, Cece, 
Dunafºldv§r, ElŖsz§ll§s 

DdKTVF requested legal aid from the Road, Rail and Waterways Office of the National Transport Authority for reasons of 
these having competence; the opinion of the Central Transdanubian Environmental, Nature Conservation and Water 
Management Supervisory Authority, for reasons of having jurisdiction, and a declaration from the Danube-Dr§va National 
Park Directorate. The affected organisations had not made any comment or given any declaration up to the publication 
of the Opinion. 

Publicity 

In the course of the procedure, the Energiaklub Climate Policy Institute and Applied Communications requested 
acknowledgement of its customer status, and on this basis it requested access to the PCD for inspection and formulating 
an opinion. Based on the statutes of the club, DdKTVF approved its customer status, and provided the Club with access 
to the electronic version of the consultation application. Up to the publication of the Opinion, Energiaklub had not 
expressed its opinion on the PCD. 

During the procedure, neither DdKTVF nor the administrators of the affected communities received any comment from 
the public in relation to the preliminary consultation. 

In view of all these, DdKTVF published its Opinion under file No. 8588-32/2012 on December 21, 2012, stating the 
following: 

¶ implementation of the planned nuclear power plant is an activity subject to environmental impact assessment 

¶ based on the available information, in the course of the preliminary consultation, DdKTVF sees no condition that 
would prevent the environmental licensing procedure in relation to the planned project 

¶ the environmental impact assessment study must be prepared in accordance with the content requirements set 
forth by DdKTVF and in Annexes 6 and 7 to Government Decree 314/2005. (XII.) 

¶ the specialized 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 made by the 
public administrative organisations may differ. 

 

International procedure 

The implementation of a nuclear power plant is subject to the provisions of Government Decree 148/1999. (X. 13.) on 
the promulgation of the Espoo (Finland) Convention on Environmental Impact Assessment in a Transboundary Context, 
signed on February 26, 1991, and to Council Directive 85/337/EEC on the assessment of the effects of certain public 
and private projects on the environment, as amended by Council Directives 97/11/EC, 2003/35/EC and 2009/31/EC of 
the European Community. 
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In order to start the international procedure, under the Espoo Convention, DdKTVF sent the PCD and its foreign 
language versions to the Environment Preservation Department of the Ministry of Rural Development, which informed 30 
countries of the procedure. The contacted countries and their positions on the procedure are summed up in the following 
table: 

Notified potential participant Participation Statement of intention to participate 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 to participate  sent comment 

Italy N/A     

Portugal N/A     

Romania Yes wished to participate  sent comment 

Spain No did not wish to participate  

Switzerland N/A     

Sweden N/A     

Serbia N/A     

Slovakia Yes wished to participate  sent comment 

Slovenia Yes wished to participate  did not send comment 

United Kingdom N/A     

Ukraine Yes wished to participate  did not send comment 

Table 1.3.1ï2: Countries contacted in the course of the international procedure 

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

 Topics 

1 Comments related to the energy strategy 

2 Comments on serious accidents and malfunctions 

3 Questions regarding nuclear safety 

4 Remarks related to nuclear damage liability 

5 Presentation of the effects of the full fuel cycle on the environment 

6 Comments on the management of radioactive waste 

7 The aggregate impacts of the two power plants, and the effects of the new power 
plant on the old one 

8 Comments on the content of the environmental impact assessment study 

9 Economic considerations 

10 Comments on other matters 

Table 1.3.1ï3: Questions asked in the course of the international procedure 

The responses given in writing to the individual groups of questions are included in the chapter on international affairs. 
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1.3.2 ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) OF THE PAKS II NUCLEAR POWER PLANT  

The purpose of the environmental impact assessment analysis (EIAS) performed before erecting the Paks II Nuclear 
Power Plant on the Paks site is to identify and evaluate the environmental impacts of the planned nuclear power plant 
technology on the individual elements and systems of the environment depending on the condition and load capacity of 
the design area. 

If based on the legislative background and the professional positions, the impact assessment conducted in this system 
of conditions does not identify any inadmissible use or exposure for any environmental element or system, then no 
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 environmental impact assessment analysis (EIAA), surveys and analyses have 
been made from 1 March, 2012 on the study areas in the following topics in order to assess the current state of the 
environment and characterize and appraise the baseline condition on this basis. 

I. Characterisation of the site 

II. Weather conditions  
a) Meteorology 
b) Micro- and mezo-climate in the vicinity of the site 

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

IV. General characteristics of the ambient radioactivity 

V. Assessment of noise and vibration exposure 

VI. Assessment of air quality 

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

VIII. Population health status 
a) Definition of the populationôs exposure to radiation 
b) Health status of the population living in the surroundings of the site 

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

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

In all cases when subsequent onsite surveys were made in 2013 or when analyses were prepared with later dates (e.g. 
high water measurements on the Danube, analyses of the data from groundwater monitoring wells), the closing date of 
the affected data is shown for the specialist fields involved. 

 

Study areas 

In the course of the baseline surveys conducted during 2012-2013, the area marked by a circle of a 30 km radius from 
the installation site of the new units was taken as the area for the general status survey of the site environs. 
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The majority of the surveys conducted by the various specialist fields were conducted within this boundary. The Danube 
study areas fundamentally differ in various extent in the individual topics, and in certain cases the full length of the 
Danube in Hungary was surveyed. 

As the hypothetical impact is expected to occur within a circle of a 10-km radius, more detailed analyses were conducted 
on this territory. Hence the baseline status of the Natura 2000 areas outside the Danube was also surveyed on this part 
of the area. 

The detailed biomonitoring surveys and flora mapping were also performed on the hypothetical direct impact area, i.e. 
within a circle of 3 km radius.  

The one-year survey of the baseline air pollution was conducted on the expected direct impact area, adjusted to the 
location of the points to be protected. The noise and vibration measurements were also performed on these areas. 

The field surveys aimed at determining the properties of the area, including those for characterizing geological 
formations and subsurface waters, were also conducted on the planned installation areas and their immediate vicinities. 

The various study areas included the following: 

Designation of the 
area 

r = 30 km r = 10 km r = 3 km 

Area of the territory 2,826 km2 314 km2 28.3 km2 

Table 1.3.2-1: Areas surveyed for the baseline report and their dimensions   

  

 Area surveyed for 
general 

characterisation 

Largest estimated impact areas 

indirect impact area direct impact area 
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The fol lowing professional organisations contributed to the elaboration and execution of the 
survey and evaluation programs that provided the basis of  the environmental  impact 
assessment analysis: 

 

Projektvezet®sïProject management 
TelephelyïSite 
IdŖj§r§sïWeather 
FºldtanïGeology 
Felsz²n alatti v²zïSubsurface water 
Felsz²ni v²zïSurface water 
Kºrnyezeti radioaktivit§sïAmbient radioactivity 
Zaj, rezg®sïNoise, vibration 
LevegŖïAir 
£lŖvil§gïWildlife 
Lakoss§gïPopulation 
£p²t®szeti ®s Tervez®si Oszt§lyïDepartment of Architechture and Design 
Akkredit§lt M®r®stechnikai LaborïAccredited Metrological Laboratory 
Kºrnyezetv®delmi Oszt§lyïEnvironmental Department 
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MVM ERBE Zrt. 

o Department of Environmental Protection 
o Accredited Metrological Laboratory 

 
EUROSENSE L®gi T®rk®p®szeti Kft. (Aerial Mapping Ltd.) 

 

Central Statistical Office, Population Research Institute 

 

Hungarian Meteorological Service 

o Climate Department  
o Observations Department 
o Surface Observations Department 
o Methodology Development Department 

 
Golder Associates (Magyarorsz§g) Zrt. 

 
VITUKI Kºrnyezetv®delmi ®s V²zgazd§lkod§si Kutat· Int®zet Nonprofit Kft. 

 
VITUKI Hungary Kft. 

 

Budapest University of Technology and Economics 

o Department of Sanitary and Environmental Engineering 

 Isotoptech Zrt. 

 K®k Csermely Kft 

 

SCIAP Kutat§s-Fejleszt®si ®s Tan§csad· Kft 

 

Fr®d®ric Joliot-Curie National Research Institute for Radiobiology and Radiohygiene 

o Department of Radiohygiene I 
o Department of Occupational Radiohygiene 
o Department of Environmental Public Hygiene 
o Division of Cellular and Immune-radiobiology 

 

National Institute of Environmental Health 

o Environmental Health Department 

¶ Air Hygiene Department 

 
Tºlgy Term®szetv®delmi Egyes¿let (Oak Nature Conservation Association) 
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1.3.2.2 Technical conditions and installation site plan for the environmental impact assessment 
analysis 

The Hungarian-Russian intergovernmental convention concluded on 14 January 2014 specified that two new Russian 
1200 MW capacity units will be built on the territory of the Paks Nuclear Power Plant with VVER-1200 reactors. 

Paks II. Considering data from the already operating Paks Nuclear Power Plant, MVM ERBE Zrt. prepared and laid out 
the framework of technical conditions and the installation site plan, which makes it possible to assess the environmental 
impacts of Paks II Nuclear Power Plant and fits the present stage of planning in the depth of its details, based on the 
data that the supplier of the units provided in advance, data already published from power plants that are being 
constructed as well as reference data from public databases, presentations and units that have been completed so far, 
using the figures of highest environmental emissions causing the biggest environmental impact. 

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

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

In order to identify the appropriate foundation construction technology, the successive layers obtained by drilling 
performed in recent years for environmental protection purposes provided the starting data for estimating the expected 
foundation depths. Later on, all the buildings and structures located on the construction site will have to be dimensioned 
with a view to fire protection and earthquake resistance. For certain buildings other special sizing considerations also 
need to be taken into consideration, such as sizing to minimize the impact of aircraft crash, sizing for radiation, noise and 
vibration protection and the creation of salvage facilities to protect the geological formation and subsurface waters. 

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

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

The volume of the necessary supplies was determined on the basis of the technical solutions, basic specifications and 
the installation site plan prepared for the completion of the EIAA. The sources of the supplies are not yet known; a 
specific organisational plan will be prepared when the implementation 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 procedure. In 
the course of preparing the EIAA, calculations were made for every conceivable route within the circle with a radius of 25 
km specified by law.  

The process and the circumstances for shutdown, decommissioning, and dismantling Paks II ï considering the unitsô 
expected life of at least 60 years ï cannot be defined at the moment.  

1.3.2.3 Environmental Impact Assessment Analysis (EIAA) ð Environmental Impact Assessment 
Study (EIAS) 

The several monthsô long process of environmental impact assessment analysis was performed 
on the basis of the framework of technical condi t ions and the instal lat ion site plan val id in March 
2014. 

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

 

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

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

Based on the completion of the EIAA and its findings the EIAS was compiled for those parameters that exert the greatest 
environmental impact on the individual environmental elements and systems ï taking into consideration the given basic 
condition of the Paks site.  

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

If based on the legislative background and the professional positions, the impact assessment conducted in this system 
of conditions does not identify any inadmissible use or exposure for any environmental element or system, then no 
environmental consideration prevents the installation and operation of the two 1200 MW units.  

 

blue circle: estimated area of directly affected territories  
green circle: estimated area of indirectly affected territories  
purple circle: area surveyed for general characterisation 
orange circle: area of a 25 km radius surveyed to meet a statutory obligation for the impacts of supplies  

Figure 1.3.2-1: Various areas surveyed in the EIA [1-2], [1-3] 
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Areas surveyed in the framework of the EIA and their dimensions 

 
General description  Deliveries  Largest estimated impact areas 

impact area indirect impact area direct impact area 

Designation of the 
area 

r = 30 km r = 25 km r = 10 km r = 3 km 

Area of the territory 2826 km2 - 314 km2 28.3 km2 

Table 1.3.2-2: Areas surveyed during the EIA and their dimensions   

1.3.3 OFFICIAL CONSULTATIONS PRECEDING THE ENVIRONMENTAL LICENSING PROCEDURE FOR THE PAKS 

II NUCLEAR POWER PLANT 

In order to clarify the detailed content of the PCD Opinion (DdKTVF: 8588-32/2012) and the impact assessment 
analysis, a professional consultation took place on 28 January 2014 with the South-Transdanubian Environmental and 
Nature Conservation Supervisory Authority (DdKTF).   

Here are the main conclusions of the consultation: 

× The EIAS was prepared for a power of 2 x 1200 MW, without specifying the type of units, taking the most 
disadvantageous environmental impacts into consideration. 

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

ñBase the worst case cooling water sourcing scenario on the actually observed lowest flow values, instead 
of the average minimum stream flow values.ò  

However, analysis of the data available for recent years has made it clear that the highest temperature of 
water in the Danube does not coincide with the minimum stream flow, therefore the EIAS should be based 
on the appraisal of real-life, actual circumstances. 

× In respect of modelling the exposure of the Danube to heat, the provisions of Decree 15/2001. (VI. 6.) of 
the Minister for the Environment on radioactive emissions to the air and to waters and on their control shall 
apply. 

× Due to the change in the route of the coolant to be discharged into the Danube, Natura 2000 areas that 
would have been affected according to earlier plans are no longer affected by the project, consequently, a 
separate Natura 2000 impact assessment study is no longer needed. A chapter in the EIAS currently being 
prepared will include the examination of the Natura 2000 territory concerned, in compliance with the 
requirements for the content of the Government Decree 275/2004 (X. 8.) on areas designated for 
environmental protection of European significance. 

× Other projects that necessitate independent environmental licensing procedures are only mentioned in the 
EIAS, just as the new M6 highway exit, the port and the roads; their impacts do not need to be evaluated. 
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2 FORECASTS AND STRATEGIES RELATED TO THE PLANNED PROJECT 

2.1 FORECASTING ELECTRICITY CONSUMPTION IN HUNGARY 

Forecasting long-term developments in the electric power system in Hungary is one of the important statutory tasks of 
MAVIR Zrt. (MAVIR Hungarian Independent Transmission Operator Company Ltd), the system operator. The system 
operator must assess the expected future electricity consumption, and must monitor changes in the system-level energy 
balance, power plant capacity, the public electricity network and consumption. 

2.1.1 FORECASTING ELECTRICITY CONSUMPTION IN HUNGARY UP TO 2030 

Since 2012 forecasts on consumer demand and the presentation of medium and long-term capacity development of the 
Hungarian electric power system have been published in a separate study, based on the electricity consumption and 
system load data of the past few years and on the economic growth predictions of various economic research institutes. 
The short-term forecast for the period up to 2018 relies on MAVIRôs short and medium-term forecasts, while the period 
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 in MAVIRôs 2013 consumer demand forecast contains three different 
scenarios, as illustrated in Figure 2.1.1-1. 

 

T®ny ï Fact 
Alapv§ltozat ï Baseline version 
Nagyobb ig®nynºveked®s ï Faster increase in demand 
Kisebb ig®nynºveked®s ï Slower increase in demand 

Figure 2.1.1-1: Expected net electricity consumption up to 2030[2-3] 

 

The baseline version compliant with the strategic objectives (marked by a green line in the figure) reckons with an 
annual 1.5% average increase in the net electricity consumption for the period to follow 2014, and then after 2020 this 
pace will decline slightly. In addition to the baseline version, as an alternative a faster demand increase version 
(marked by a blue line) is also given, with an annual demand growth rate between 1.4ï1.7% between 2014 and 2020, 
slowing to 1.4% by 2030. A demand course slower than the baseline version (marked by a red line) expects demand 
to grow at 1% p.a. between 2014 and 2020, and a gradual decline to 0.8% p.a. by 2030.  

The net electric power consumption is expected (according to the baseline version) to be about 40 TWh and may 
increase to 44 TWh by 2030. 
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The total electric power consumption (including consumption by the Hungarian power plants as well as system loss) may 
reach 47.6 TWh in 2020 and ï according to the baseline version ï 54.7 TWh in 2030. 

From among system loads, peak load has a key significance in terms of supply-side capacity development.  

Figure 2.1.1-2 illustrates demand for the expected new electricity generation capacity on the basis of MAVIRôs forecast, 
also taking into consideration the peak load increment and the reserve capacity required on a system level. 

 

Cs¼csterhel®sïPeak load 
atomïnuclear 
sz®nïcoal 
g§zïgas 
olajïoil 
kis g§zïsmall gas 
kis bioïsmall biomass 
kis meg¼jïsmall renewable 
sz¿ks®ges ¼jïrequired new 

Figure 2.1.1-2: Required new power generation capacity [2-2] 

Based on the forecast, the installed capacity of large power plants will decrease by about 3,500 MW by 2030, comp.ared 
to 2013 (Table 2.1.1-1). Such a dramatic drop will be caused by the shut-down and scrapping of aging Hungarian power 
plants. This means that the primary factor driving the construction of new power plants is the shutdown of old power 
plants, and consumption increase is only a secondary trigger. 

 Installed power 

Year: 2013 2018 2023 2030 

Large power plants MW 7,621 5,712 5,542 4,111 

Small power plants MW 1,458 1,299 1,144 1,009 

Total existing power plants MW 9,079 7,011 6,686 5,120 

Table 2.1.1-1: Future installed electric power capacity of all the remaining power plants[2-2] 

Renewable energy sources and small power plants can cover only a part of the forecast capacity shortage (nearly 6500 
MW in 2030), since the conditions for their installation and use have gradually worsened, and so in the future new 
projects can only be completed under less favourable conditions, and their competitiveness is doubtful.  

The total requirement cannot be met by increasing the import capacity, primarily as this would jeopardize the safety of 
power supply, and secondly because technical feasibility of building such a cross-border capacity is questionable, and 



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site 1 Forecasts and Strategies Related to the Planned Project 
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 47/217 

 

the practical availability of import opportunities is also doubtful, as they depend on regional power plant developments 
and the current market conditions. 

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

 

2.2 NATIONAL ENERGY STRATEGY 2030 

The main purpose of the National Energy Strategy approved by Parliament in the autumn of 2011 (Decision No. 
77/2011. (X. 14) of Parliament on the National Energy Strategy) is ñto make Hungary self-sufficient with regard to 
energyñ.  

The document entitled ñNational Energy Strategy 2030ò was published as Annex 1 to Decision No. 77/2011. (X. 14) of 
Parliament, and contains recommendations for the stakeholders and decision-makers of the Hungarian energy sector for 
the period up to 2030 and puts the measures recommended for this period in a longer term perspective leading to 2050. 

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

The following objectives should be achieved in the course of the power industryôs structural change: 

(i) introducing energy efficiency measures encompassing the entire supply and consumption chain;  
(ii) increasing the share of low-carbon electric power generation; 
(iii) promoting renewable and alternative heat generation; 
(iv) increasing the share of low-carbon transport modes. 

In order to achieve these goals, according to the document the following tasks must be completed: 

× increasing energy saving and energy efficiency,  

× boosting the proportion of renewable energy in power consumption as much as possible, 

× promoting safe nuclear energy and the electrification of transport using such energy, 

× integration of the Central European transmission network and building the required cross-border capacities,  

× using Hungaryôs coal and lignite stocks in electricity generation in an environmentally friendly manner. 

The National Energy Strategy analyses the following scenarios: 

Scenario 

Assumptions up to 2050 

New base load power plants Ratio of electric power from renewables 

Nuclear Coal 2030 2050 

nuclear ï green 2000 MW 0 MW 15% 20% 

anti-nuclear ï green 0 MW 0 MW 15% 20% 

nuclear ï green (+) 2000 MW 0 MW 20% 35% 

nuclear (+) ï green 4000 MW 0 MW 15% 20% 

nuclear ï coal ï green 2000 MW 440 MW 15% 20% 

anti-nuclear ï green (+) 0 MW 0 MW 20% 35% 

Table 2.2-1: Scenarios analysed in the National Energy Strategy 

In the interest of developing a competitive, safe and sustainable energy sector, the implementation of the nuclear ð coal 
ð green scenario is preferred in electric power generation, based on the analysis of the possible scenarios. This scenario 
consists of the following components:  

ü long-term maintenance of nuclear power in the energy mix;  

ü sustenance of coal-based power generation for two reasons:  
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(i) in an energy crisis (e.g. a sharp natural gas price increase, nuclear accident) this is Hungaryôs 
only quickly harnessable reserve;  

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

ü in respect of renewable energy, linear extension of the National Renewable Energy Action Program after 
2020 with the proviso that efforts must be made at increasing the targeted ratio depending on the load-
bearing capacity of the economy, system regulability and technological developments. 

In the framework of the economic impact analysis of the various scenarios formulated in the National Energy Strategy 
(ñImpact Analysis under the National Energy Strategy 2030ò, Regional Energy Economy Research Centre, 2011), the 
opportunities of decarbonisation in the Hungarian power generation industry were analysed.  

The main conclusions included the following:  

V Decarbonisation of the Hungarian electricity industry is highly capital intensive (while ensuring low-cost 
operation at the same time), requires production capacities (nuclear and renewable), and the application of 
carbon capture and storage.  

V Development of the carbon capture and storage technology is a critical factor in the creation of a zero 
emission energy sector, and in the long term its application needs to be studied for both coal and natural gas 
fuelled power plants.  

V If the Paks Nuclear Power Plant is implemented, two scenarios ï the massive development of renewables ï 
green (+) scenario, and the new nuclear power plant ï nuclear (+) scenario ï can support a nearly 100% 
emission reduction after 2030.  

2.3 NATIONAL CLIMATE CHANGE STRATEGIES 

The relevant international obligations are formulated in the UN Framework Convention for Climate Change, signed in 
1992, and its Kyoto Protocol, which was adopted in 1997 and entered into effect in 2005. Preparation of the National 
Climate Change Strategies (NAS) is required by Article 3 of Act LX of 2007 (V. 28.) on the execution of the UN United 
Nations Framework Convention on Climate Change and its Kyoto Protocol.  

2.3.1 NATIONAL CLIMATE CHANGE STRATEGY, 2008ī2025 

The strategic framework of Hungarian climate policy was set up by the National Climate Change Strategy (N£S/NCCS) 
in line with the National Framework Strategy on Sustainable Development. NCCS has set directions and objectives for 
the period between 2008-2025.  

The core statement of the strategy is the following: ĂClimate change is a compelling risk threatening Hungarian society 
and national economy. Based on comprehensive analyses, the expected significant changes of temperature and 
precipitation, the possible shift of seasons, as well as the increased intensity and frequency of certain extreme weather 
phenomena are endangering our natural resources, our waters, our biosphere, our forests, and agricultural yields, as 
well as our built and inhabited environments and the health and quality of life of our population.ò[2-3] 

The scientific basis for N£S/NCCS was provided by the VAHAVA2 (VĆltoz§s ï HAt§s ï VĆlaszok, ChangeïEffectï
Responses) research project studying the changes of climate in Hungary.  

                                                           
2VAHAVA (ñchange ï effect ï responseò) Project: Effects of the Global Climate Change on Hungary and Our Responses. Hungarian Academy of Sciences, 2003-
2006 
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2.3.2 SECOND NATIONAL CLIMATE CHANGE STRATEGY, 2014-2025 

Despite the scientific efforts made in the past 30 years, there is a great deal of uncertainty in modelling future climate 
developments. Various impacts of climate change do not occur at the same time and in a uniform manner in all regions. 
Recognition of the supposed change trends is also hindered by the natural variability of climate.  

The VAHAVA project shed light on the fact that in terms of climate, Hungaryôs vulnerability is significant even in a 
European context. The Carpathian Basin is straddling three climate regions: the wet oceanic, the dry continental, and the 
dry summer/wet winter Mediterranean ones. In this borderline zone, a small but lasting change may result in a significant 
modification of the annual temperature and precipitation pattern which, on the other hand, may only be estimated with 
great uncertainty. Based on international and domestic research conducted in the past 10-15 years, the intensification of 
the greenhouse effect is expected to result in greater temperature increase in Hungary than globally. At the same time, 
Hungary can expect to see extremes in water levels, including severe droughts and devastating floods within the same 
year. Growing seasons are expected to be hotter and dryer, aggravated by increased evaporation due to reduced cloud 
coverage.  

Plans in various fields and industries, regardless whether we face natural climate change or one induced by human 
activity, must take into account the system of conditions shaped by these changes. 

Both the probable inducing factors (the emission of greenhouse gases), their probable impacts (the changed climate) 
and their socio-economic and environmental consequences are transnational, and therefore this complex set of 
problems can only be addressed by proper international cooperation. The relevant international obligations are 
formulated in the UN Framework Convention for Climate Change, signed in 1992, and its Kyoto Protocol, which was 
adopted in 1997 and entered into effect in 2005. Even though efforts made so far have laid the basis for such 
cooperation in climate policy, in practice they have had little success in moderating the growing risk of global climate 
change. [2-4] 

The European Union pays special attention to climate change management, marked by initiatives like the European 
Climate Change Program; the Community level regulation of trading with emission quotas; the EUôs Emissions Trading 
System; the system of coordinated efforts introduced in 2013; as well as the ever growing number of climate protection 
regulations, and increased institutionalisation. These international documents set forth the most important tasks for the 
domestic climate strategy as well as for the various strategies of the affected industries.  

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

The Second National Climate Change Strategy (NCCS-2) was prepared for the period between 2014-2025, with an 
outlook to 2050. The directions of activities are specified in the Strategy for three different periods:  

ü short term: specific tasks scheduled for the period between 2014-2017  

ü medium term: strategic directions scheduled for the period 2018-2025  

ü long term: intervention opportunities in the period between 2025 and 2050. 

2.3.3 HUNGARIAN LOW-CARBON ROADMAP 

NCCS-2 includes the Hungarian Low-Carbon Roadmap (HDĐ/HLCR) setting the targets, priorities and courses of action 
for reducing the emission of greenhouse gases, until 2050. As envisioned by the low-carbon plan of NCCS-2, Hungary 
will strive to ensure economic competitiveness and growth, social welfare, fighting poverty, as well as to protect our 
climate, and follow a course of action that gradually leads to implementing an economy with a low carbon emission. 

2.3.3.1 Theoretical extreme scenarios 

The future emission scenarios of the individual sectors were analysed with the help of a carbon calculator 3 developed by 
the Department of Energy and Climate Change (DECC) of the United Kingdom. The Hungarian version of the carbon 
calculator has been developed in a bilateral British-Hungarian cooperation, with the participation of the Department of 

                                                           
3The carbon calculator developed by the Department of Energy and Climate Change of the United Kingdom is an internationally accepted tool used for the flexible 
modelling of GHG emission in any sector or in all sectors responsible for emission. 
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Energy and Climate Change of the United Kingdom, the Hungarian Geological and Geophysical Institute as well as the 
Embassy of the United Kingdom in Hungary. The model was developed in several phases with the involvement of 
hundreds of experts. The Ministry of National Development, in cooperation with the National Climate change Centre of 
the Hungarian Geological and Geophysical Institute, started an open planning process for the Low-Carbon Roadmap in 
the summer of 2012. For this purpose, 5 working groups were created involving almost 150 experts in the field of energy 
production, building energetics, industry, transport and agriculture. These working groups cooperated with numerous 
experts of governmental organisations, professional associations, higher academic institutions, professional civilian 
organisations and professional background organisations.  

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

These scenarios represent the extreme values of emission trends (that is why they are called the minimum and 
maximum scenarios, respectively), i.e. the scenarios show the theoretical emission reduction potentials. 

× Minimum GHG emission scenario = the scenario of highest reduction of GHG emission (min. emission ï 
max. reduction) 

× Maximum GHG emission scenario = the scenario of lowest reduction of GHG emission (max. emission ï 
min. reduction) 

Factors determining the GHG emission of electric power generation: 

ü structure of electric power generation 
ü volume of used electric power 
ü the balance of exports and imports 

Electric power generation methods that have outstanding significance in reducing GHG emission: 

o renewables 
o nuclear energy 
o application of CO2 capture and storage technology 

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

For the minimum GHG emission scenario, the change in electric power needs at the level of national economy was 
recorded at the lowest value, and did not take into account the significant electrification of other sectors (transportation, 
industry), whereas for the maximum scenario this was also included. 

With regard to imported power, the minimum GHG emission scenario assumes growing imports, based on present 
processes, whereas the maximum GHG emission scenario does not include any import and therefore represents a state 
of self-sufficiency in terms of energy.  
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The following table contains the results of summarizing these basic hypotheses. 

Scenario 
2010 

Minimum GHG emission Maximum GHG emission 

2030 2050 2030 2050  

GW 

Biomass  0.37  1.4  2.0  0.8  1.2  

Coal, CCS  0  0  0.5  0  0  

Natural gas, CCS  0  0  1.1  0  0  

Coal, without CCS  1.5  0  0  0  0  

Nuclear power plant  2  4  4  2  0  

Wind power  0.33  1.2  4.0  1.0  1.4  

Water power  0.06  0.07  0.07  0.07  0.07  

Geothermic  0  0.22  0.77  0.08  0.14  

Solar power  0  0.73  4.70  0.23  0.38  

Natural gas  4.6  0  0  10.2  13.2  

Mineral oil  0.4  0  0  0  0  

Import (TWh)  5.2  7.0  9.0  0  0  

Table 2.3.3-1: Structure of electric power generation according to the individual theoretical extreme emission scenarios[2-4] 

Figure 2.3.3-1 illustrates the emission tendencies of the GHG emission scenarios taking into account the above factors. 

 

¦HG kibocs§t§sïGHG emission 
min.¦HGïmin.GHG 
max.¦HGïmax. GHG 

 

Figure 2.3.3-1: GHG emissions according to the individual theoretical extreme emission scenarios[2-4] 

Major conclusions of NCCS-2 

If the minimum GHG emission scenario is achieved, emissions will drop radically already in the short run, primarily due 
to the increase of renewables and import.  

The expansion of the Paks Nuclear Power Plant may be a decisive step in the medium term, resulting in significant 
reduction in emissions between 2020-30. Due to the temporary parallel operation of the old and new units (as well as to 
the further increasing import ratio), zero emission could be reached as early as 2030. Without the new units, however, 
emissions will increase as described in the maximum emission scenario. 

The theoretical character of these scenarios is revealed by the fact that such a composition is economically unrealistic. 
An achieved, but ñoversizedò total decarbonisation in the case of the minimum scenario is based on several factors:  

o the grid connection of the new 2000 MW nuclear power plant  
o the application of carbon capture and storage technology  
o further massive adoption of renewables  
o (imports).  



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site 1 Forecasts and Strategies Related to the Planned Project 
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 52/217 

 

NCCS-2 states that the results and conclusions of the minimum GHG emission scenario harbour energy policy and 
safety risk, since they rely on the use of a certain technology as well as on imports. Even though imports indeed result in 
reduced GHG emission, they also involve energy policy risks.  

In the maximum GHG emission scenario, two of the three technologies of producing electric power (namely, nuclear 
technology and CO2 capture and storage) are missing, and the proportion of renewables is also significantly lower. This 
production structure, however, is only sufficient for maintaining the current level of emission in the long run.  

Based on these results, as well as on considerations of energy policy, the study concludes that the decarbonisation of 
electricity production in Hungary cannot be achieved by using a single technology, but should be built on a production 
structure using multiple technologies. [2-4] 

2.3.3.2 Nuclearðcoalðgreen scenario in the National Energy Strategy 

As NCCS-2 states: ñThe National Energy Strategy is the only official strategy of the industry that includes 
decarbonisation in its vision of the future of energetics." 

As concluded by NCCS-2, the structure of electricity production set forth in the National Energy Strategy will result in an 
emission reduction of about 70% by 2050 (Figure 2.3.3-2).  

If the new, modern coal power plant equipped with CO2 capture and storage technology is excluded from production, 
this will result in only a minor increase of emissions. The two scenarios diverge from 2030, indicating that the coal power 
plant is supposed to be commissioned after this period. Freezing the volumes of renewables at the 2010 level and 
excluding the nuclear option basically removes half of the 70% reduction. Without renewables, the effect of nuclear 
expansion becomes strikingly clear, as the old and the new units operate parallel to each other until 2030, after which 
the closure of the old units leads to an increase again.  

The document declares that the long-term use of nuclear energy in Hungaryôs energy sector is a basic pillar of 
decarbonisation.  

 

¦HG kibocs§t§sïGHG emission 
Atom-sz®n-zºldïNuclear ïcoal ï green 
Sz®n-zºld (nincs Paksi AtomerŖmŤ bŖv²t®s) ï Coal-green (no extension of Paks) 
Atom-zºld (nincs CLT) ï green (no CLT) 
Atom-sz®n (zºld 2010-es szinten) ï Nuclear ï coal (2010 level green) 

Figure 2.3.3-2: GHG emissions based on the various scenarios of the National Energy Strategy[2-4] 
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2.4 NATIONAL ENVIRONMENTAL PROGRAM 

Environmental planning is based on the National Environmental Program. Hungaryôs National Environmental Program, 
accepted in 2009 for the period between 2009-2014 (Parliamentary Decree No. 96/2009. (XII. 9.) on the National 
Environmental Program) describes the general state of the environment, and specifies the goals to be reached, as well 
as the sequence, timeframe and tools of their achievement. 

The National Environmental Program must be reviewed once every six years. Elaboration of the Fourth Environmental 
Program started in 2012. As stated in the third program related to this period between 2009-2014, the emission of 
greenhouse gases decreased in Hungary, and so did the amount of waste generated and the volume of water used. 
Forest coverage increased to 20%, but habitats have split further and soil degradation continued. 

The goal of the program for the next six years is going to be the creation of environmental conditions needed for 
sustainable development. The National Nature Conservation Curriculum is also included in the National Environmental 
Program. After its public discussion and corresponding modifications, the Program shall be accepted by Parliament. 

Regional, county-level and local municipal programs shall be prepared in line with the accepted National Environmental 
Program The major topics of these will include the following items: the condition and cleanliness of the environment, 
drinking water supply, energy management, management of green surfaces, rainwater drainage, communal waste water 
and waste management, protection against noise, vibration and air pollution generated by the population as well as the 
public services, organisation of local transport facilities, and the issues of countering environmental emergencies.  

  

http://www.enc.hu/1enciklopedia/fogalmi/korny/ensz_kornyezetvedelmi_programja.htm
http://www.enc.hu/1enciklopedia/fogalmi/korny/hulladekgazdalkodas.htm
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3 A GENERAL GUIDE TO NUCLEAR ENGINEERING 

3.1 NUCLEAR ELECTRICITY PRODUCTION IN THE WORLD 

In 2012 the total electricity generated in the world was 22,668 TWh, of which nuclear generation shared 2,461 TWh, in 
other words, 10.9% of the electric power was generated by nuclear plants (Source: IEA: Key World Energy Statistics 
2014). Nuclear power plants typically have a more pronounced role in the electric power generation systems of 
developed regions, such as Europe, North-America and Japan. 

 

Figure 3.1-1: Geographical location of the nuclear power plants of the world[3-1] 

 

Figure 3.1-2-2: Geographical location of the nuclear power plants of the world[3-2] 
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3.1.1 OPERATING NUCLEAR POWER PLANTS 

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

Reactor type Number of 
reactors 

Total deliverable  
power  
[MW] 

PWR Pressurized Light-Water-Moderated and Cooled Reactor 270 249,621 

BWR Boiling water, Light-Water-Moderated and Cooled Reactor 84 78,122 

PHWR Pressurized Heavy-Water-Moderated and Cooled Reactor 48 23,961 

LWGR Light-Water-Cooled, Graphite-Moderated Reactor 15 10,219 

GCR Gas-Cooled, Graphite-Moderated Reactor 15 8,040 

FBR Fast Breeder Reactor 2 580 

Total 434 370,543 

Table 3.1.1-1: Breakdown of currently operating reactors by type [3-3] 

3.1.2 ONGOING PROJECTS 

The overwhelming majority of power plants being built are also pressurized water reactors (82.6%). 

Reactor type Number of 
reactors 

Planned total  
deliverable power  

[MW] 

PWR Pressurized Light-Water-Moderated and Cooled Reactor 57 57,275 

PHWR Pressurized Heavy-Water-Moderated and Cooled Reactor 5 3,212 

BWR Boiling water, Light-Water-Moderated and Cooled Reactor 4 5,250 

FBR Fast Breeder Reactor 2 1,259 

HTGC Gas-Cooled, Graphite-Moderated Reactor 1 200 

Total 69 67,196 

Table 3.1.2-1: Breakdown of currently built reactors by type [3-4] 

3.2 A GENERAL INTRODUCTION OF PRESSURIZED WATER REACTOR (PWR) UNITS 

3.2.1 POWER PRODUCTION PROCESS IN UNITS OPERATING WITH PWR REACTORS 

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

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

The primary circuit consists of a pressurized water, light-water cooled and moderated nuclear reactor, the circulating 
loops (main water circuit), the main circulating pumps, 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 removable 
hemispheric top, which contains the active zone. In addition to these, the nuclear steam generator, called reactor, 
connects to numerous other auxiliary systems that have safety functions, improve power plant efficiency and constantly 
clean the water circuits. 

The main water circuit absorbs the heat released in the active zone of the reactor, carries it away and transfers it to the 
secondary circuit in the steam generators. The main function of the steam generator is to use the heat transferred by the 
primary circuit and generate steam with the parameters suitable for driving the turbines. This equipment is a cylindrical, 
vertically or horizontally positioned vessel in an airtight space called containment structure, and contains heat exchanger 
pipes and a built-in steam separator. 

The secondary circuit is fundamentally the feedwater-side part 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 system. The 
function of the secondary circuit is to transform the energy of the steam produced in the steam generator into rotational 
motion to drive the generator.  
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The bled ñexhaustò steam is turned back into water (condensed) by the final heat absorber using sea water, river water 
or, in the case of tower cooling, air. 

 

Nyomottvizes atomreaktor sematikus §br§jaïGeneral schematic structure of a PWER reactor 
Kont®nmentïContainment 
Reaktor tart§lyïReactor vessel 
Szab. rudakïControl rods 
GŖzfejlesztŖïSteam generator 
Szivatty¼ïPump 
Turbina gener§torïTurbine generator 
T§pv²z elŖmeleg²tŖïFeedwater pre-heater 
Kondenz§tumszivatty¼ïCondensate pump 
Kondenz§torïCondenser 
HŤtŖv²zkºrïCoolant circuit 
V®gsŖ hŤt®s (frissv²z, hŤtŖtorony) ï Final cooling (fresh water, cooling tower) 

Figure 3.2.1-1: General schematic structure of a PWR reactor[3-5] 

3.2.1.1 Fuel 

The nuclear fuel is located in the active zone4.  

Natural uranium typically consists of two isotopes: 235U, which splits as a result of the low-energy (or ñthermalò) neutrons 
(natural uranium contains only 0.72% 235U), and the isotope 238U, which splits as a result of high-energy (or ñfastò) 
neutrons (99.275% of natural uranium is of this kind). No self-regulating chain reaction can be achieved in a reactor 
fuelled purely by 238U. 

The PWR units fundamentally use enriched uranium-based fuel (UO2), and the Paks Nuclear Power Plant currently uses 
this type. This fuel is made by processing and enriching raw uranium. 

3.2.1.2 Primary circuit 

The function of the primary circuit is to absorb the heat generated during the nuclear chain reaction regulated in the 
active zone of the reactor, to transfer it to the secondary circuit water, and to evaporate the latter in the steam generators 
in order to produce the dry, saturated steam required to drive the turbines. The primary circuit contains the equipment 
that are in direct contact with the radioactive substances, i.e. in the case of PWR reactors, the reactor vessel, including 
the active zone, the circulating pumps, the steam generator, the connection pipes and the required auxiliary systems. 

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

                                                           
4The area where every condition required for fuel fission and energy generation is met. 
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¶ 5Fission fragments gradually lose their initially high kinetic energy when colliding with each other, and a significant 
part of their kinetic energy is transformed into heat power. 

¶ the various kinds of radiations generated during fission are absorbed and their energy is partly turned into heat, 

¶ in the course of radioactive decay, the fragments generate heat. 

 

Numbers  
1 Instrumentation; 2 Upper unit; 3 Perforation, outlet nozzle; 4 Inlet flange; 5 Reactor pit; 6 Samples 7 Reactor core 8 Reactor 
vessel 

Figure 3.2.1-2: Overview of a nuclear reactor[3-6] 

In the case of pressurized water reactors, overpressure is maintained in the primary circuit in order to significantly 
increase the temperature of the coolant without phase change. 

                                                           
5When a neutron strikes the nucleus of a 235U, it splits the latter into two smaller nuclei (one of the fragments is typically lighter and the other is heavier). During this process, several free 

neutrons (fission neutrons) are also generated. At their birth, the fragments, e.g. 144Ba and 89Kr, are very fast, however, they transfer their kinetic energy to their immediate environment 

quickly and warm it up. 80% of the energy released during fission are carried by the fragments. Fragments are radioactive and decay fast. 
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Hidroakkumul§torïHydrological battery 
FKSZïMAP 
Bubor®ktart§lyïBubble chamber 
Reaktorïreactor 
Nyom§sszab§lyoz·ïPressurizer 
Steam generatorïgŖzfejlesztŖ 

Figure 3.2.1-3: Theoretical arrangement of a nuclear island [3-6] 

3.2.1.3 Secondary circuit 

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

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

As a significant element of radiation safety, there is a barrier between the two circuits, i.e. the primary circuit is 
hermetically separated from the secondary one. 

As the primary circuitôs heat transfer agent flows in the steam generator pipes (heat pipes), steam is generated within the 
jacket on the secondary side. A part of the heat of the steam generator at the border of the primary and the secondary 
circuits is transferred to the secondary circuitôs working fluid (water), turning the secondary circuitôs water into steam. The 
steam expands in the turbine, i.e. the inherent energy (temperature, pressure, kinetic energy) of the steam diminishes as 
it moves the turbine. The turbineôs rotational energy is then transferred through a drive shaft (with an optional clutch) to 
the generator, where the driven rotor induces electricity in the stator frame, which in turn generates three-phase electric 
power. The electric power generated by the generator is transformed by the power plantôs transformers into voltage 
identical with the electricity carried in the connected electric power grid. 

The steam leaving the turbine enters the condenser, where an external coolant turns it back to water again. The 
resulting condensate is then returned by circulating pumps to the place of evaporation. On the other side of the steam 
generator, the agent in the primary circuit is returned to the reactor vessel, passes the zone and reheats. 
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Figure 3.2.1-4: View of a steam turbine unit [3-6] 

3.2.2 CHARACTERISTIC FACILITIES OF PWR-TYPE UNITS 

3.2.2.1 Facilities in the main building 

NUCLEAR ISLAND 

Containment: In the interest of safe operation, the primary circuit systems typically (e.g. in the case of the EPR-1600 
and the VVER-1200 types) are placed in a double-walled containment. The function of the internal containment is to 
retain the radioactive substances that escape in the course of any malfunctions foreseen during design, and to 
transfer the released heat.  

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

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

Auxiliary building: it houses the auxiliary systems of the primary circuit. 

Nuclear maintenance facility: a building used for the performance of maintenance related to the primary circuit, and for 
decontamination. 

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

Fuel building: used for the management and storage of fresh and spent nuclear fuel 

TURBINE ISLAND 

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

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

Electric switchboard room: a building that houses electrical switchboards, control engineering equipment and 
communication devices. 

Transformer area: this is the outdoor place of unit transformers and other power plant transformers. 

3.2.2.2 Connected facilities 

V Spent fuel interim storage: a building used for the interim storage of the spent fuel generated during the operation 
of the nuclear power plant (prior to any further processing or final placement without processing) 
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V Diesel generators: Diesel generators to ensure continued power feed in the case of malfunctions (for an 
appropriate physical separation, they are placed in different buildings). 

V Healthcare facility: a facility that contains the healthcare centre, the primary access system, and the offices 
required for work with the primary circuit. 

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

V Chemical depository: a building in which the chemicals required for operation are kept. 

V  Storage room for industrial gases: a building that contains the gases required for operation. 

V Nuclear maintenance facility: A building used for the performance of maintenance on the secondary circuit. 

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

V Electric substation: ensures transfer of the electric power produced by the generators to Hungaryôs national grid. 

V Waste storage: stores the non-radioactive waste generated in the nuclear power plant. 

V Civil defence shelters: protect the operating and hazard control staff during emergencies. 

V Protected control point (with reserves): provides a working environment for emergency control in the event of 
emergencies, and protects the troubleshooting and clean-up staff. 

V Environmental monitoring systems: include the system of environmental sampling and measurements.  

V Infrastructure: access roads and railway rails to the power plant, drinking water and sewage systems, etc.  

V Physical security systems: reception desks, access systems, perimeter fences etc. 

 

3.3 INTERNATIONAL ORGANISATIONS REGULATING AND SUPERVISING NUCLEAR POWER USE 

3.3.1 INTERNATIONAL ATOMIC ENERGY AGENCY (IAEA) 

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

IAEA is a specialized institution of the UN, is not directly controlled by any other organisation and reports to the General 
Assembly as well as to the Security Council of the UN.  

Today, IAEA serves as the international platform of scientific and technical cooperation for the peaceful use of nuclear 
energy. Programmes supported by the IAEA promote research related to the peaceful use and safety of nuclear energy 
(such as protection from radiation, or materials research). IAEA prepares recommendations on nuclear power and 
radiological protection. [3-7] 

Its publications include the following: 

Safety Standards, 
Safety Guidelines, 
Safety Recommendations, 
Safety Requirements 

3.3.2 EUROPEAN ATOMIC ENERGY COMMUNITY (EURATOM) 

The European Atomic Energy Community (Euratom) was founded in 1958, at the same time when the Treaty 
establishing the European Economic Community (EEC) was signed. The signatories of the treaty agreed on the peaceful 
use of nuclear energy as well as on cooperating in the development of the nuclear industry. This meant the coordination 
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of research in the field, as well as the joint formulation of safety regulations and the creation of a common market in all 
fields related to the use of nuclear energy, including that of the free moving of capital and professional people.[3-8] 

3.3.3 NUCLEAR ENERGY AGENCY (NEA) 

The European Nuclear Energy Agency (ENEA) was established in 1958, in order to meet the steadily increasing energy 
needs of post-World War II Europe with nuclear energy. The organisationôs name was shortened to Nuclear Energy 
Agency (NEA) in 1972, in view of the growing number of members from outside Europe. Nuclear Energy Agency (NEA) 
is a specialized agency of the intergovernmental Organisation of Economic and Cooperation and Development (OECD) 
set up by industrialized countries. 

At present NEA consists of 31 countries from Europe, North-America and Asia. NEA member countries represent 90% of 
the nuclear capacity installed throughout the world. About one fifth of electric energy produced in member countries 
comes from nuclear power plants. 

NEA maintains close cooperation with the International Atomic Energy Agency (IAEA) and the Environment Directorate-
General of the European Committee. [3-9] 

Fields of work of the NEA: 

Nuclear safety and regulation 
Nuclear energy development 
Handling of radioactive waste 
Radiological protection and health of the population 
Nuclear law and responsibility 
Nuclear science 
Data bank 
Public information 

3.3.4 INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION (ICRP) 

Ever since its establishment in 1928, the goal of the International Commission on Radiological Protection has been to 
prevent the harmful effects of and diseases, such as cancer, caused by ionizing radiation, as well as to protect the 
environment. 

ICRP is an independent international organisation with more than two hundred volunteer members from thirty countries 
of six continents. These members represent the leading scientists and decision makers of radiological protection.  

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

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

(i) radiological exposure levels and their impacts according to current scientific knowledge 
(ii) evaluation  

Evaluation take into account both experience gained during the use of the radiological protection system, 
and the expectations of society. 

ICRP monitors the development of radiological protection and prepares recommendations concerning its basic principles 
as well as the rules of radiological safety. [3-10] 

3.3.5 WORLD ASSOCIATION OF NUCLEAR OPERATORS (WANO) 

The World Association of Nuclear Operators (WANO) is a global organisation comprising all companies and countries 
operating commercial nuclear power plants.  

It was established in 1989 in London, and has regional centres in Moscow, Atlanta, Tokyo and Paris. 

http://www.oecd-nea.org/nsd/
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For its members, WANO promotes access to the best safety and reliability solutions. Understanding the fact that the 
nuclear industry is as strong as its weakest player, the organisation provides help to its members. WANO is a not-for-
profit organisation. 

Even though WANO cooperates directly with its members, it is not a regulatory organisation and does not advise them 
on the selection of the types of reactors to be used. Its highest priority is to ensure safety, therefore WANO promotes 
effective communication among operators as well as the open and free sharing of information. [3-11] 

3.3.6 ORGANISATION OF EUROPEAN NUCLEAR POWER PRODUCERS (EUR) 

In Europe, the development and design of power plants equipped with light water reactors used to be national endeavor, 
complemented by a certain degree of international cooperation. In 1992, 5 European nuclear energy producers (the 
German and Spanish ones, plus Tractebel, EDF and British Energy / Nuclear Electric) joined forces and established 
EUR. The organisation is steadily growing and has 17 members at present. 

The primary goal of EUR is to lay down the conditions and requirements concerning the development of light water 
reactors; to promote their harmonisation with relevant international regulations and standards; and to provide solutions 
for a unified electricity market in Europe. [3-12] 

3.3.7 WESTERN EUROPEAN NUCLEAR REGULATORSõ ASSOCIATION (WENRA) 

The Western European Nuclear Regulatorsô Association (WENRA) was established in February 1999 by the countries of 
the European Union using nuclear energy, and Switzerland. The establishment had two reasons: 

× nuclear safety became a priority for the expansion criteria of the European Union, and 

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

WENRAôs main aim is to provide a unified European interpretation of nuclear safety, and to independently supervise the 
status of nuclear safety in candidate states. With respect to reactor safety, 218 recommendations have been prepared in 
18 topics (reference levels), and 81+77 recommendations deal with dismantling and waste management. [3-13] 

3.4 NUCLEAR SAFETY 

In designing, instal l ing and operating the new nuclear power plant uni ts, the f irst and 
foremost pr ior ity is to ensure nuclear safety. 

3.4.1 BASIC PRINCIPLES OF NUCLEAR SAFETY 

Nuclear safety is a key aspect of nuclear power.  

Nuclear power plants must comply with three basic safety requirements: 

I. The nuclear chain reaction must stop in the case of abnormal operation. 

II. When the chain reaction is stopped, the stable and safe cooling of fuel cells must be ensured. 

III. The amount of radioactive pollutants released into the environment must stay below allowed levels. 

The safety of a nuclear power plant is ensured by applying the principle of defence in depth, with an emphasis on the 
prevention of emergencies.  

The basic principles for and the five levels of such a multi-level protection were developed by the International Atomic 
Energy Agency. National nuclear safety authorities strive to apply these principles in their own regulations to the 
maximum possible extent. Multi-level protection is applied in each facility according to its local characteristics.  
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The following are the basic goals of defence in depth: 

× preventing accidents through conservative engineering, 

× preventing abnormal operation through constant monitoring,  

× preventing the escalation of any abnormal operation and reducing its consequences through integrated 
defence devices, 

× ensuring that proper tools and predefined procedures are in place for the management of design extension 
conditions and for reducing their consequences. 

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

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

Level Objective  Implementation 

Level I Preventing abnormal operation High quality, conservative planning 

Level II Detecting abnormal conditions and preventing abnormal 
operation  

Proper operation of supervisory and control systems 

Level III Management of design-basis emergencies Safety systems and procedures 

Level IV Management of serious accidents, moderating their 
severity and easing their consequences  

Complementary tools, measurements, actions as well as 
accident management guides 

Level V Reducing the consequences of radioactive emissions 
outside the facility 

Accident prevention action plans 

Table 3.4.1-1: The five hierarchic levels of protection 

V Level I is related to the engineering process, where the power plant must be designed in a conservative 
manner, with operation and safety reserves, using solutions that minimize the possibility of human error 
(automation, easy-to-understand and intuitive handling). In this phase, all external events must be defined 
that should not be able to endanger the operation of the nuclear power plant (earthquakes, extreme 
weather etc.). 

V Level II is about having those tools and procedures at hand through which the power plant can be kept 
within the designed operating envelope, so that safety barriers are not crossed. These include continuous 
measurements (of pressure, temperature, circulation etc.), as well as periodical tests and trials, 
maintenance work and inspections. 

V Level III involves systems and measures that ensure the operation of safety functions in emergencies 
included in the design basis conditions). Some events (such as inherent material faults or natural disasters) 
cannot be prevented even by the most careful engineering, installation and operation. This level involves 
the automatic stoppage of the chain reaction, while ensuring the continued cooling of the fuel and keeping 
radioactive emissions below the limit values, for all of which the corresponding safety systems must be set 
up. 

V Level IV represents very low probability events extending beyond designed-for emergencies. At this level, 
safety systems cannot completely fulfil their role and there is a risk of zone meltdown and radioactive 
pollution. Despite their low probability, the severity of possible consequences makes it necessary for 
nuclear power plants to have the tools that hinder the escalation of such accidents, reduce their impacts 
and provide time for other measures to be taken (such as delivering additional equipment to the site, 
helping the population shutter up or move away). 

V Level V kicks in when all previous levels have failed. This involves the escape of significant amounts of 
radioactive pollutants into the environment, which, in turn, requires the intervention of authorities in 
accordance with emergency scenarios developed for such events. 
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BASIC DESIGN PRINCIPLES 

× Criteria for choosing the geographical location of the site 

× Evaluating the potential dangers of operation 

× Defining the design basis and analysing its events 

Fundamental requirements include the following:  

ü Ability to be driven to subcritical state 
ü Removal of residual heat 
ü Keeping radioactive emissions under the limit values 

× Minimizing anomalies beyond the design base 

× Keeping radiological exposure at the lowest reasonable level 

SYSTEM OF ENGINEERED BARRIERS 

The system of engineered barriers serves to prevent radioactive pollutants from getting out into the environment, or 
reduce their escape. These barriers set up one after the other are designed to block pollutants from spreading further 
once they escaped from the previous level. The four physical barriers 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 primary 
circuit),  

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

 

¦zemanyag m§trixïFuel matrix 
¦zemanyag burkolatïFuel casing 
Primerkºri nyom§shat§rïPrimary circuit pressure limit 
Kont®nmentïContainment structure 

Figure 3.4.1-1: Engineered barriers in the case of nuclear power plant units [3-6] 
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DOUBLE-WALLED CONTAINMENT STRUCTURE 

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

 

Figure 3.4.1-2: Cross-section of the double-walled containment structure [3-6] 

Continuous and safe cooling of the reactor fuel must be ensured under all conditions. In the case of any pipe burst, 
cooling is ensured by the emergency cooling system, in a passive or active manner. If the pressure falls, the passive 
cooling system feeds water into the reactor and ensures cooling until the pumps start operation. The active emergency 
cooling system consists of a high-pressure and a low-pressure 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 serviceable in the case of a power 
loss. This is ensured by emergency Diesel generators, which automatically start when needed and provide uninterrupted 
power to consumers which are of key importance for the safety of the nuclear power plant.  

One structure used widely for handling meltdowns in the course of serious accidents is the ñcore catcherò: the melting of 
the concrete below the reactor vessel is prevented by rooms built at the bottom of the core that facilitate the spread of 
the melt, or by substances are placed under the vessel which the core melt cannot penetrate. 

Reinforcement of the containment and maintenance of its structural integrity over the long term are of outstanding 
significance. Containment integrity is also protected by the procedures applied for the treatment of the hydrogen gas ï 
explosive when it reaches certain concentration if mixed with the containment air ï generated in the course of 
hypothetical grave accidents. In the passive process, the hydrogen released to the air is continuously transformed into 
water steam by catalytic recombination systems, while in the active process, ñhydrogen ignitersò are applied, which 
deliberately ignite the hydrogen gas accumulated in the containment before the hazardous concentration is reached to 
prevent reaching the explosive concentration. 

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

The most important guarantee for the safety of the nuclear power plant is called inherent safety. In certain accident 
situations, inherent physical and heat engineering processes and barriers operate in the reactor which slow down and 
finally stop unfavourable developments. This inherent safety is always ensured irrespectively of the operability of 
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the safety and protection systems. This reactor feature is type-specific. Pressurized water reactors, currently the most 
wide-spread type in the world, fall into this category. The VVER-440 reactors of the Paks Nuclear Power Plant are also 
of this type. (The other type, developed and built in the former Soviet Union, is the RBMK type, which does not meet all the 
conditions for inherent safety. The reactors of the nuclear power plant at Chernobyl, where an accident happened on April 26, 1986, 
belong to this type. It was proven that one of the fundamental reasons of the accident was the lack of inherent safety. For this 
reason, the disaster of the Chernobyl nuclear power plant does not mean that other types of reactors are unsafe. Due to of the lack 
of inherent safety, Chernobyl type reactors have been shut down nearly everywhere in the world.) 

Another important guarantee of protection against nuclear power plant accidents is the application of external safety 
devices, which prevent the progress and deterioration of various accident situations, and complement inherent safety. 
Within the framework of these external safety devices, an increasing role is played by the passive 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 affecting the 
environment being less than 10ï6 per reactor year. The probability of a potential risk must be kept at the lowest possible 
level in accordance with the ALARA (As Low as Reasonably Achievable) principle, to guarantee the best reasonably 
achievable safety.  

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

HIERARCHY OF SAFETY AND PROTECTION SYSTEMS 

The five levels of defence in depth, applicable to new units, the four physical barriers and the relationship between 
automatic and manual interventions are plotted in Figure 3.4.1-3. 

 
Hasad§si term®kekïFission products 
Biztons§gi ®s v®delmi rendszerekïSafety and defence systems 
Norm§l¿zemi rendszerekïNormal operation systems 
1.szint: konzervat²v tervez®s, minŖs®gbiztos²t§s, biztons§gi kult¼raïLevel 1: 
conservative design, quality assurance, security culture 
1. g§t: ¿zemanyag m§trixïBarrier 1: fuel matrix 
2. g§t: fŤtŖelem burkolatïBarrier 2: fuel casing 

3. g§t: biztons§gi ®s v®delmi rendszerekïBarrier 3: Safety and defence 
systems 
4. g§t: hermetikus t®r (kont®nment) ïBarrier 4: Containment (airtight area) 
4. szint: balesetkezel®si elj§r§sok, bele®rtve a kont®nment v®delm®t isï
Accident management procedures, including containment defence 
5. szint: telephelyen k²v¿li balesetelh§r²t§si tev®kenys®gekïAccident 
prevention activities outside the site 

Figure 3.4.1-3: Protection barriers, defence in depth levels and the hierarchy of interventions [3-14] 
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In the case of new units, breakdowns that were previously classified as ñdesign extension conditionsò (such as multiple 
failures) are now part of the design basis. For this reason, the content of the ñdesign extensionò category differs between 
current and new reactors. In the case of the currently operating reactors, in depth protection deals with nuclear fuel 
mainly in those operational states when the fuel is in the reactor. In the case of new units, it includes all the possible 
states of the nuclear fuel (including those situations where the fuels are stored in the spent fuel pool). 

In the course of developing III+ generation reactors, key design objectives included preventing serious accidents and 
reducing the consequences of extremely low probability accidents. The applied design and technological solutions 
ensure that no radioactive substances are released to the environment even if serious accidents happen, and thus III+ 
generation units do not have any significant impacts on the population and the environment of the power plant even in 
the case of serious accidents.  

STRESS TEST 

Following the accident caused by an earthquake and an unprecedented tidal wave in the Fukushima nuclear power 
plant, in March 2011 the European Council called for a targeted safety survey in all nuclear power plants of the 
European Union. In the course of the survey the safety of nuclear power plants and their ability to withstand extreme 
natural impacts, such as floods, earthquakes and extreme weather conditions were assessed. The operators of the 
nuclear power plants carried out self-assessment against the specified criteria, and submitted the results to their 
respective national nuclear authorities for approval. The national authorities prepared national reports, which were 
assessed by international expert groups, holding on-site consultations in several cases. 

Besides those member states of the EU where nuclear power plants are in operation, Lithuania, Ukraine and Switzerland 
also took part in the surveys. This safety review, which was conducted in 17 countries, ended with the conclusion that 
European nuclear power plants had sufficient safety reserves and that no deficiencies were found in any of the nuclear 
power plants that would make it necessary to shut them down. At the same time, the report by the European 
Commission included several recommendations concerning increased safety, for the implementation of which the 
member states developed programmes. 

The targeted safety survey of the European Union concerning the Paks Nuclear Power Plant also ended with positive 
findings. The report emphasized good practices that should be modelled by others in several areas. No critical or 
significant deficiencies were found and some of the recommendations concerned developments in progress. 

Based on the recommendations of the stress test, Paks Power Plant developed a programme to enhance safety, with 
periodic reports on its implementation. Similar programmes are implemented in other power plants of the EU and the 
relevant reports will be summarized for EU level assessment [3-15], [3-16], [3-17]. 

SAFETY ANALYSES 

Safety analyses using deterministic and probabilistic methods as well as safety reports prepared 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 environment with 
radioactive material, which can mainly happen in the wake of serious damage done to the active zone, especially in a 
meltdown, if the contamination is not held back by the containment structure. Therefore Probabilistic Safety Analyses 
(PSA) primarily deal with the probability of zone damage. This requires the examination of all the possible chains of 
events that can lead to zone damage with the help of deterministic analyses and calculating their probability individually. 
Their sum total characterizes the safety of the nuclear power plant. This analysis also reveals the weak points of the 
nuclear power plant from the point of view of safety. The results make it possible to create means and equipment to 
enhance safety. Safety analyses are conducted at various levels.  

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

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

òNo. 29 nuclear safety: ñEnsuring proper operating conditions, preventing accidents and mitigating the 
consequences of accidents in every phase of the life cycle of the nuclear facility, to protect employees and the 
public against the hazards resulting from the ionizing radiation of nuclear facilities.ò 

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

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

During the licensing of new nuclear power plant technology, special attention shall be paid to checking whether 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 the case of 
an accident, the safety of the power plantôs surroundings should be guaranteed as much as possible. The continuous 
supervision of safe operation and the development of measures aimed at increasing safety are basic requirements for 
the operators. The supervisory authority allows the commissioning and operation of a reactor, or actions to be carried out 
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 requirements must be confirmed in the framework of a site licensing 
procedure to be conducted by OAH on the basis of the Nuclear Safety Regulations (NSR) attached as annexes to 
Government Decree No. 118/2011. (VII.11.) on the nuclear safety requirements of nuclear facilities and the related 
activities of authorities.  

The OAH determines the adequacy of the site and the geological base data related to the site according to the results of 
highly detailed assessments. The site assessment programme was developed to meet the latest international 
requirements (post-Fukushima). The site assessment programme was evaluated by the experts of the International 
Atomic Energy Agency (IAEA) within the framework of an independent supervisory procedure. 

In accordance with the effective statutory regulations, the power plant units envisaged for Paks are to be safe against 
the impact of large civilian aircraft. There are very stringent quality control criteria in place regarding the equipment and 
buildings of the power plant units. The supplier of the units undertook to meet the European Utility Requirements (EUR); 
therefore, they will employ such architectural and other technical solutions during the construction that will ensure the 
integrity of the facility even against an aircraft impact. 

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

Defence in depth  

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

(1) Through the application of defence in depth in the nuclear power plant, the exposure of the environment to radioactive materials 
or radiation must be prevented, and it must be ensured that the accidents involving significant radiation damage as a result 
of breakdowns or their combinations may only occur with a sufficiently low probability. 

(2) Defence in depth ensures that 

a) possible human errors or technical failures can be compensated for; 
b) the effectiveness of successive embedded barriers is maintained; and 
c) both the public and the environment are protected should the efficiency of the barriers not be fully effective. 

(3) The 5 levels of defence in depth comprise the following: 

a) prevention of abnormal operation and failures; 
b) detection of abnormal operating conditions and preventing the expected operational events from turning into 
design breakdowns; 
c) existence of procedures in place for the control of design basis conditions; 
d) stopping beyond-design conditions and accidents from worsening, and mitigating their consequences; 
e) mitigating the radiological consequences of significant off-site releases of radioactive materials. 
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(4) The most important elements of defence in depth of a nuclear facility comprise the following: 

a) design solutions employing adequate safety reserves (this includes choosing the proper site, diversity and 
redundancy, as well as the application of tried and tested technologies and materials of high reliability), high quality 
construction and operation; 
b) application of control, limiting and protective systems and other surveillance / monitoring solutions, as well as 
documents controlling operation; 
c) safety system ensuring the control of design basis conditions, procedures and training for managing faults; 
d) application of complementary measures, tools and accident management guidelines, organisation of practice 
exercises; and 
e) preparation for on-site and off-site emergency response activities. 

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

The safety requirements applicable to the nuclear facilities to be installed in Hungary are fundamentally determined in 
Hungarian statutory regulations. However, it is also advisable to take into consideration the relevant international safety 
regulations, the IAEA safety directives, the American ASME standards, as well as the EUR recommendations in order to 
ensure a uniform level of nuclear safety conformance for the different reactor types built in different countries. 

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

3.4.3 NUCLEAR POWER PLANT OPERATIONAL STATES ð CLASSIFICATION OF VARIOUS ORGANISATIONS 

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

3.4.3.1 International Atomic Energy Agency (IAEA) 

Chapter 4 (Principal Technical Requirements), Section 9 of the document entitled ñSafety of Nuclear Power Plants: 
Design, Specific Safety Requirements (SSR-2/1)ò issued by the IAEA reads: 

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

Chapter 5 (General Plant Design) formulates the following recommendation regarding the operational states of the 
power plant: 

Operational state  Accidents   

Normal operation 
Expected operational 

events 
Design Basis  Conditions Design Extension Conditions 

Table 3.4.3-1: IAEA proposal for individual plant operational states [3-18] 

3.4.3.2 Organisation of European Nuclear Power Producers (EUR) 

EUR identifies the following operational states of nuclear power plants. [3-19 [3-20] 

Design Basis  Conditions  Design Extension Conditions 

Design Basis Condition (DBC) Design Extension Condition (DEC) 

Operational state / Design Basis Design basis failures   

Normal operation Breakdown Low probability 
design basis failure 

Very low probability 
design basis failure 

Complex processes Serious accidents 

DBC1 DBC2 DBC3 DBC4 DEC1 DEC2 

Table 3.4.3-2: EUR classification of operational states [3-19] 
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Design Basis Conditions (DBC) 

DBC1 ï Normal operation 

Normal operational states: 

o Normal service, at various output levels. 
o Shutdown: 

¶ Warm shutdown 

¶ Shutdown due to fuel treatment/transfer 

¶ Shutdown due to checks performed during servicing or operation, or due to parts 
replacement/repairs/treatment 

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

DBC2 ï Breakdown 

The conditions for DBC2 are the same as for initial failures and equipment failures in the case of which the 
frequency of occurrence is lower than 10-2 per reactor year. 

DBC3 ï Low incidence design basis breakdown 

The anticipated occurrence probability of DBC3 events is between 10 -2 and 10-4 per reactor year. The power 
plant is capable of returning to normal operation  once all necessary inspections, repairs and qualifications have 
been carried out.  

DBC4 ï Very low incidence design basis breakdown 

DBC4 events are unexpected during the operational time of the power plant, although their consequences are still 
manageable. Their frequency is between 10-4 and 10-6 per reactor year. 

Design Extension Conditions (DEC) 

DEC1 - Complex processes 

A DEC event is one that does not involve the meltdown of the fuel in the active zone or in the holding pool, with 
radioactive emissions remaining within the confines of limit values specified for accidents. 

DEC2 - Serious accidents 

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

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

Design Basis (DB) Design Extension (DE) 

Normal 
operation 
condition 

Design Basis 
Conditions* 

Design Extension 
Conditions* 

  Design basis failures   

Normal operation Expected 
operational 

events 

Low incidence service 
breakdowns 

Very low incidence service 
breakdowns 

Design Extension 
Conditions** 

Serious accidents 

DBC1 DBC2 DBC3 DBC4 DEC1 DEC2 

The expected modification of the NSR in the near future will probably introduce the following changes: 
* The term ñconditionsò will change to ñoperational statesò after the modification. 
** The designation of ñDesign extension conditionsò is expected to be changed to: ñComplex breakdownsò. 

Table 3.4.3-3: Breakdown of classification in Hungary, according to the currently effective (October 20th, 2014) NSR 
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Table 3.4.3-4 below summarizes the abbreviations applied by NSR for individual operational states and the relevant or 
appropriate EUR abbreviations: 

Design Basis (DB) Design  
Extension (DEC) 

Normal 
operation 
condition 

Design Basis 
Conditions 

Design Extension 
Conditions 

Normal operation 
Expected 

operational 
events 

Design basis failures 
Design Extension 

Conditions 
Serious 

accidents Low incidence service 
breakdowns 

Very low incidence service 
breakdowns 

DBC1 DBC2 DBC3 DBC4 DEC1 DEC2 

Design Basis Condition (DBC) Design Extension Condition (DEC) 

DBC1 DBC2 DBC3 DBC4 DEC1 DEC2 

Table 3.4.3-4: Comparison of operational states according to NSR and the EUR 

Classification of individual operational states according to the probability of occurrence 

Government Decree No. 118/2011. (VII. 11.) assigns frequencies of occurrence (probabilities) to individual operational 
states, as shown by Table 3.4.3-5 below. 

Operational 
state 

Description 
Frequency (probability) 

(f [1/year]) 

DBC1 normal operation 1 

DBC2 expected operational events 1> f > 10-2 

DBC3 Low incidence service breakdowns 10-2 > f Ó 10-4 

DBC4 Very low incidence service breakdowns 10-4 > f Ó 10-6 

After the expected modification of NSR the header in the table will change from ñFrequency (probability)ò to ñEvent 
probabilityò. 

Table 3.4.3-5: Classification of operational states according to their probability of occurrence, for new units 

3.4.3.3 Normal operation 

Normal operation is defined in Annex 10 to Government Decree No. 118/2011. (VII. 11.) (Nuclear Safety Regulations) as 
follows: 

121 Normal operation 

"The operation of a nuclear facility by observing the Operational Conditions and Limits approved by the nuclear safety authority, 
including, in the case of nuclear reactors and nuclear power plants, load changes, shutdown, start-up, fuel rod replacement, 
maintenance, tests, and other planned operations.ò 

3.4.3.4 Design Basis Condition 

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

179 Expected operational events 

ñA process triggered by an initial event included among design basis conditions and analysed according to the principle of 
single failure, as well as covered by these analyses, which has a significant chance of occurring during the operating time of 
the nuclear power plant.ò 

(Note:  
The expected modification of the NSR will change the term ñnuclear power plantò to ñnuclear facilityò.) 

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

ñA process triggered by an initial event included among design basis conditions and analysed according to the principle of 
single failure, as well as covered by these analyses, which has a slight chance of occurring during the operating time of the 
nuclear power plant, and which results in fuel rod damage limited to the type and extent defined in the designs.ò 

Note:  
The expected modification of the NSR will replace the term ñnuclear power plantò with ñnuclear facilityò, and ñprocessò with ñoperational 
stateò. 

In Annex 3 to Government Decree No. 118/2011. (VII. 11.) (Engineering Requirements of Nuclear Power Plants), in the 
Chapter entitled ñGeneral Design Requirementsò, among others stipulations No. 3.2.2.3100 and 3.2.2.3300. must be 
taken into consideration. 

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

The NSR requirement for abnormal operational states falling under the category of design basis condition is as follows: 

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

3.4.3.5 Design Extension Conditions (DEC) 

The relevant definitions given in Annex 10 of Government Decree 118/2011. (VII. 11.) are as follows: 

155 Design Extension Condition 

A process that falls outside the scope of expected operational events and service breakdowns, which cannot be 
excluded, but may only occur as a consequence of several unrelated failures, and which may have more serious 
consequences than the processes belonging to the design basis conditions, causing zone damage without 
meltdown. 
Note:  
After the expected modification of the NSR, the following section will replace ñDesign extension breakdownò:  
94/A. Complex operating failure (DEC1) 
An operational state that in the case of new nuclear units, falls outside the scope of expected operational events and service 
breakdowns, which may only occur as a consequence of several, unrelated failures, and which may have more serious 
consequences than the operational states belonging to the design basis conditions, causing fuel rod damage without meltdown. 
In the case of existing nuclear facilities, this corresponds to a design extension breakdown. 

145 Serious accident (DEC2) 

A state of accident that involves significant damage to the reactor zone and includes meltdown, which has more 
serious external affects than design basis and design extension conditions. 
Note: 
After the expected modification of the NSR, the following section will replace the definition above: 
ñIn the case of a nuclear power plant unit, an operational state that involves significant damage to the fuel rods and has more 
serious off-site affects than design basis conditions (DBC4) and design extension conditions (DEC1).ò 

In Annex 3 to Government Decree No. 118/2011. (VII. 11.) Section 3.2.2.3900 under the heading ñGeneral engineering 
requirements" lists the minimum requirements to be taken into consideration in the case of design extension conditions. 
According to Section 3.2.2.4000, in the case of a new nuclear unit, following a DEC1 operational state (design extension 
condition), controlled state must be achieved within 24 hours, and safe shutdown state within 72 hours at the latest. 

Note:  
The text ñin the case of a new nuclear unitò will be deleted from the modified NSR version. 

In addition, according to Section 3.2.4.0800: in the case of new nuclear units, the cumulative probability of the chain of 
events with high emissions for each initial operational state and effect ï with the exclusion of sabotage ï must not 
exceed the value of 10ï6/year. Compliance with the requirements must be verified by level 2 probability-based safety 
analyses. 
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3.4.3.5.1 Russian units 

In the Russian Federation, the highest level regulation for the peaceful and safe use of nuclear energy is formulated in 
Act 170-FZ of 1995 (11.21.) on the ñUse of Atomic Energyò, and the highest level regulation applicable to the quality 
assurance of nuclear power plant equipment is set forth in Act 184 FZ of 2002 (12.07.) on ñTechnical Regulationsò.  

Russian units are engineered in accordance with the normative documents forming a three-level hierarchical structure, 
issued by the Federal Nuclear and Radiation safety Authority of Russia (GOSZATOMNADZOR). The most relevant of 
these normative documents are the following:  

× NP-001-97 (PNAE G-01-011-97) ñGeneral Regulation on Ensuring Safety of Nuclear Power Plantsò  

× NP 006-98 ñRequirements to Contents of Safety Analysis Report of Nuclear Power Plant with VVER 
Reactorsò  

× NP-10-98 ñRegulation on Establishing and Operating Localisation Systems of Nuclear Power Plantsò  

× NP-031-01 ñStandards for Design of Seismic Resistant Nuclear Power Plantò  

× NP-032-01 ñNuclear Power Plant Siting. General safety criteria and requirements.ò 

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

3.5 INTERNATIONAL NUCLEAR EVENT SCALE 

In order to facilitate the spread of information concerning nuclear events and to promptly and adequately inform the 
public, the social and political organisations and the media, the Nuclear Energy Agency (NEA) of OECD and the 
International Atomic Energy Agency (IAEA) developed the International Nuclear and Radiological Event Scale (INES). 

The INES scale is intended to inform and notify the public using a comparative scale about the quality and the 
severity of the events, incidents and accidents and their impacts on safety in nuclear power plants or other nuclear 
facilities. 

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

Deviations from normal operating level are rated by levels 1-7 of the INES scale. There are three levels for incidents and 
four levels for accidents. 

The International Nuclear and Radiological Event Scale is shown in Figure 3.5-1.  
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Balesetï accident 
7. Nagyon s¼lyos baleset ï  major accident 
Nagym®rt®kŤ kibocs§t§s: A helyi balesetelh§r²t§si terv teljes m®rt®kŤ v®grehajt§saïSignificant emission: widespread health and environmental effects  

6. S¼lyos baleset ïserious accident 
JelentŖs m®rt®kŤ kibocs§t§s: A helyi balesetelh§r²t§si terv teljes m®rt®kŤ v®grehajt§sa ï Significant emission: full implementation of planned local countermeasures 
5. Telephelyen k²v¿li kock§zatokkal j§r· baleset ï accident with wider consequences 
Korl§tozott m®rt®kŤ kibocs§t§s: a helyi balesetelh§r²t§si terv r®szleges v®grehajt§sa ï Limited emission: implementation of some planned local countermeasures 
4. ElsŖsorban l®tes²tm®nyen bel¿li hat§s¼ baleset ïaccident with local conseuqences 
Igen kism®rt®kŤ kibocs§t§s:a lakoss§g sug§rterhel®se az elŖ²rt korl§t tºrt r®sze ï Minor emission: radioactive exposure of population within specified limits 
3. S¼lyos ¿zemzavar ïserious incident 
Igen kism®rt®kŤ kibocs§t§s: a lakoss§g sug§rterhel®se az elŖ²rt korl§t tºrt r®sze ï Very small emission: radioactive exposure of population only a fraction of the 
specified limits 
2. ¦zemzavar ï incident 
Telephelyi hat§s ï Impact within the facility 
1. Rendelleness®g ïanomaly 
Elt®r®s az enged®lyezett ¿zem§llapott·l ï Diversion from the normal operating conditions 
Sk§la alatti esem®nyeknek a biztosn§g szempontj§b·l nincs jelentŖs®g¿k ï Events under the scale have no safety-related significance. 

Figure 3.5-1: International Nuclear and Radiological Event Scale (INES) 

The accident that took place in the Chernobyl nuclear power plant in 1986 belongs to level 7 on the INES scale. The 
accident seriously impacted peopleôs health and the environment. One of the main considerations in developing the 
criteria for rating on the INES scale was to clearly distinguish less serious events with less extensive impacts from this 
very serious accident. Thus, they rated the accident that happened at Three Mile Island (TMI) nuclear power plant in 
1979 as level 5 on the INES scale.  

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

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

The specific events related to nuclear facilities, categorized on the basis of Article 163 of Appendix 10 of NSR are rated 
on the INES scale according to a complex set of criteria. 

Table 3.5-1 shows the general criteria of the rating of nuclear events and Table 3.5-2 gives examples that illustrate the 
INES criteria that are used to rate the events at nuclear facilities. 
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Description and INES 

level 

People and environment Engineering control in the facility and 

radiological barriers 

Defence-in-depth 

Major accident 

INES 7 

Major release of radioactive material with 

widespread health and environmental 

effects requiring implementation of 

planned and extended countermeasures 

  

Serious accident 

INES 6 

Significant release of radioactive material 

likely to require implementation of 

planned countermeasures. 

  

Accident with wider 

consequences 

INES 5 

Limited release of radioactive material 

likely to require implementation of some 

planned countermeasures. 

 

Several deaths from radiation. 

Severe damage to reactor core. 

Release of large quantities of radioactive material 

within an installation with possible exposure of 

(one or more members of) the population. This 

could arise from a major criticality accident or 

fire. 

 

Accident with local 

consequences 

INES 4 

Minor release of radioactive material 

unlikely to result in implementation of 

planned countermeasures other than local 

food controls. 

At least one death from radiation. 

 

Fuel melt or damage to fuel resulting in more 

than 0.1% release of core inventory. 

Release of significant quantities of radioactive 

material within an installation with a high 

probability of significant public exposure. 

 

Serious incident 

INES 3 

Exposure in excess of ten times the 

statutory annual limit for workers. 

Non-lethal deterministic health effect 

(e.g., burns) from radiation. 

 

Exposure rates of more than 1 Sv/h in an 

operating area. 

Severe contamination in an area not expected by 

design, with a low probability of significant 

public exposure. 

Near accident at a nuclear power plant with no safety 

provisions remaining. 

Lost or stolen highly radioactive sealed source. 

Misdelivered highly radioactive sealed source without 

adequate procedures in place to handle it. 

Incident 

INES 2 

Exposure of a member of the public in 

excess of 10 mSv. 

 

Exposure of a worker in excess of the 

statutory annual limits. 

Radiation levels in an operating area of more than 

50 mSv/h. 

Significant contamination within the facility into 

an area not expected by design. 

Significant failures in safety provisions but with no 

actual consequences. 

Found highly radioactive sealed orphan source, device 

or transport package with safety provisions intact. 

Inadequate packaging of a highly radioactive sealed 

source. 

Anomaly 

INES 1 

  Overexposure of a member of the public in excess of 

statutory annual limits. 

Minor problems with safety components with 

significant defence-in-depth remaining. 

Low activity lost or stolen radioactive source, device or 

transport package. 

No safety significance (Below scale/INES 0) 

Table 3.5-1: General criteria of rating nuclear events [3-21]  
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Description and INES 

level 

People and environment Engineering control in the facility and 

radiological barriers 

Defence-in-depth 

Major accident 

Level 7 

Chernobyl 1986 Widespread health and 

environmental effects. Environmental 

release on a significant part of the zone 

inventory. 

 

  

Serious accident 

Level 6 

Kyshtym, Russia, 1957 Significant 

release of radioactive material to the 

environment after the explosion of a 

high-activity waste container. 

  

Accident with wider 

consequences 

Level 5 

Windscale Pile, UK, 1957 Release of 

radioactive material to the environment, 

after the reactor zone caught fire. 

Three Mile Island, USA, 1979 Severe 

damage to the reactor zone. 

 

 

Accident with local 

consequences 

Level 4 

Tokaimura, Japan, 1999  Lethal 

exposure of workers owing to a critical 

event in the nuclear facility . 

 

Saint-Laurent des Eaux, France, 1969 

Melting of one of the fuel channels in the 

reactor, without release outside the facility. 

 

 

Serious incident 

Level 3 

No precedent. 

 

Sellafield, UK, 2005  Release of significant 

amount of radioactive material contained 

within the facility. 

Vandellos, Spain, 1989 Near-accident due 

to fire, which stopped the safety system in 

the reactor. 

Incident 

Level 2 

Alucha, Argentine, 2005 Exposure of a 

worker in excess of the statutory annual 

limits in an energetic reactor. 

Cadarche, France, 1993 Radioactive 

contamination within the facility into an 

area not expected by design. 

Forsmark, Sweden, 2006 Impaired safety 

functions and the failure of the emergency 

power supply system with a common cause 

in the nuclear power plant. 

Anomaly 

Level 1 
  

Damage done to the operation limits in a 

nuclear facility. 

Table 3.5-2: Examples used for rating events in nuclear facilities to illustrate the INES criteria [3-21] 

 

Table 3.5-1 and Table 3.5-2 do not contain the level 3 incident that took place on 10 April 2003 in unit 2 of the Paks Nuclear Power Plant and the very serious level 7 accident that 
took place on 11 March 2011 in units 1, 2 and 3 of the Nuclear Power Plant of Fukushima Daiichi in Japan. 

.
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4 DESCRIPTION OF THE PLANNED INSTALLATION SITE 

4.1 LOCATION AND OWNERSHIP OF THE PLANNED INSTALLATION SITE 

4.1.1 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 west of the River Danube and 1.5 km east of Main Road No. 6. 
Figure 4.1.1-1 shows the plant and its immediate environs. 

 

MVM Paksi AtomerŖmŤ ï MVM Paks Nuclear Power Plant 

Figure 4.1.1-1: Overview map of the Paks Plant [4-1] 

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

The approximately 5,5 km2 area of the plant can be divided into two parts in terms of its functions and security and 

protection. 
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The operating area of the Paks Nuclear Power Plant accommodates the four units of the current power plant and the 
related water intake plant and warm water channel as well as the ancillary equipment and systems, the offices and the 
maintenance and storage facilities providing services for them. 

There is a temporary storage facility for spent fuel owned by Radioakt²v Hullad®kokat KezelŖ Kºzhaszn¼ Nonprofit Kft. 
(RHK Kft.) on the area adjacent to the operating area. 

The maintenance workshops, storage facilities and offices of the contractor institutions and companies needed for the 
operation of the power plant are located on the project area of the Paks Nuclear Power Plant. 

4.1.2 THE AREA OF THE NUCLEAR POWER PLANT AS ENTERED INTO THE LAND REGISTRY RECORDS 

According to the map extract dated 22 November 2012 scaled M=1:10 000 containing certified data issued by the Paks 
District Land Registry Office (Figure 4.1.2-1), the Paks Nuclear Power Plant is registered under a shared topographical 
lot number (8803/15).  

 

Figure 4.1.2-1: Certified copy as of 22 November 2012 of the map of the area of the Paks Nuclear Plant (the Paks District Land 
Registry Office) [4-2] [4-2] 
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4.1.3 INSTALLATION SITE OF PAKS II ON THE SITE OF THE PAKS NUCLEAR POWER PLANT 

The areas envisaged for the new units are those north of the current units; the area delineated by the red line will be the 
operating area of the new units and the one delineated by the blue line will serve as a temporary construction site. 

 

Legend 
Red line: operating geographical scope  
Blue line: preparatory area 

Figure 4.1.3-1: The Paks site with the location of the planned new nuclear power plant 
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The total area is 105.8 ha, of which operating facilities and the temporary construction will occupy 29.5 ha and 76.3 ha, 
respectively.  The operating area will accommodate the power plant units, the auxiliary equipment and systems providing 
support as well as other buildings, and the temporary construction site will offer a suitable location for construction in the 
implementation phase. 

 

Figure 4.1.3-2: Site of the planned units [4-3] 

4.2 INFRASTRUCTURAL CONNECTIONS OF THE INSTALLATION SITE[4-4] 

4.2.1 TRANSPORT AND ACCESSIBILITY 

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

4.2.1.1 Road connections 

Both the operating and the temporary construction sites of the new nuclear plant described in the previous section are 
accessible via the M6 motorway (Paks southern exit) and Main Road No. 6. There are separate driveways leading to the 
northern gate and the southern gate of the nuclear power plant. However, it is inevitable that the current infrastructure be 
developed. Towards this end, the following opportunities are available: 
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Several options for accessibility by road have been studied in advance:  

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

V upgrading the road network connecting the neighboring settlements (Tengelic, Kºlesd, Nagydorog, 
N®metk®r and Bºlcske) with Main Road 6, to 2 x 1 lane of standard width;  

V widening and upgrading the current dirt road to Gerjen.  

The Gerjen-Paks Nuclear Plant road and a boat or ferry service on the River Danube can plug the city of Kalocsa and its 
surroundings into the construction project. 

4.2.1.2 Railway connections 

Regarding rail links, the current railroad runs along the area mentioned in the direction of Pusztaszabolcs 
(Pusztaszabolcs-Duna¼jv§ros-Paks, Hungarian Railsô partially electrified 79 km single-track railroad). The original 
section was upgraded during the construction of the Paks Nuclear Power Plant and is suitable for engines with an axle 
load of 20 tons; nevertheless, the section needs further upgrading. Alternatively, a new track needs to be implemented. 

4.2.1.3 Waterway an nautical connections 

Regarding access by water, the Paks Nuclear Power Plant already has a port, however, it needs to be upgraded with a 
portal jib-crane and perhaps extended. 

4.2.2 WATER SUPPLY AND WASTE WATER DISPOSAL 

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

4.2.3 GRID CONNECTION 

In order for the envisaged new nuclear power plant units to be connected to the power grid, a new 400 / 120 kV 
transformer station (Paks II substation) needs to be built. The electricity generated in the new units is transmitted to the 
new substation via a 400 kV overhead electrical power line; a dual 120 kV back-up supply will be connected to the spare 
house-service transformers of the units first via a parallel overhead line and then a cable on the premises of the plant. 

In order to be able to feed the electricity generated by the new nuclear power plant units from the Paks II substation to 
the grid, a two-way PaksïAlbertirsa line needs to be built. 

Electricity needed for the construction of the new units must also be provided. Such temporary power can be supplied 
via feed cables from a 6 kV ring connected to the external network (outside the Paks Nuclear Power Plant) and/or the 
internal network of the Paks Nuclear Power Plant. The feed cables would connect the ring to mobile 6/0.4 kV 
containerized transformer stations, feeding distribution or sub-distribution networks supplying the users. [4-5] 
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4.3 THE PAKS NUCLEAR POWER PLANT AND ITS ASSOCIATED FACILITIES 

 

Legend: 
1  Main operating building I 
2  Main operating building II 
3  Sanitary facility and laboratory 
4  Auxiliary building I 
5  Auxiliary building II  
6. Diesel engine room I 
7 Diesel engine room II 
8 Chemical water pre-treatment room 
9 Hydrogen ï nitrogen tanks 
10 Hydrogen plant 
11 I - II Water abstraction structures 
12  Sludge tanks 
13  Waste water treatment plant 
14  Transformer station 
15. Spent Fuel Interim Storage (SFIS) 

Figure 4.2.3-1: The Paks Nuclear Power Plant and its associated facilities at the Paks site[4-6] 
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4.3.1 PAKS NUCLEAR POWER PLANT 

The Paks Nuclear Power Plant has a dominant role in Hungaryôs supply of power. Its four units were commissioned 
between 1982 and 1987, with one pressurized, water-cooled and water-moderated VVER-440 reactor of the V-123 type 
in each unit. The initial nominal capacity of the units was 440 MWe. This was increased to 500 MWe in a capacity 
boosting program, as a result of which the total nominal capacity of Paks increased to 2000 MWe.  The heat output of 
each unit is 1485 MWth and the total heat output of plant is 5940 MWth. 

The Paks Nuclear Plant operates as a base load power plant with an output load kept as steady as reasonably possible. 
In 2013 it generated 15,369.6 GWh electricity accounting for 50.7% of Hungaryôs gross domestic electricity output.  

Figure 4.3.1-1 shows the electricity output of the Paks Nuclear Power plant between 1983 and 2013. 

 

Figure 4.3.1-1: Electricity generation by the Paks Nuclear Power Plant, 1983 to 2013 

The technology used within the nuclear power plant can be divided into a primary and a secondary circuit. The primary 
circuit comprises the core with the main water circuit and the related primary circuit systems and other auxiliary systems. 
The main equipment of the primary circuit is a vertical cylindrical reactor, housing the active zone. The reactor is fueled 
by 42 tons of uranium-dioxide. The pressurized nuclear reactor is moderated and cooled by light water (H2O). High 
pressure and high temperature primary circuit water transmits heat from the reactor to the secondary circuit via the heat 
transmission pipes of a steam generator. In the secondary circuit the heat generated in the reactor is transformed into 
kinetic and then electrical energy. In the steam generator water evaporates and reaches the turbines via the main steam 
system. The steam exiting the turbines condenses on the heat transfer surfaces of the condensers cooled with water 
from the River Danube and returns to the steam generators. The Paks Nuclear Plant uses the water of the River Danube 
for cooling and discharges it back to the Danube after warming it up. The main transformers (2 for each unit) transform 
the electricity generated to 400 kV.  
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Turbinacsarnok ï Turbine building 
Reaktor®p¿let ï Reactor building 
Lokaliz§ci·s torony ï Localization building 

 

Figure 4.3.1-2: East-west cross-section of the Paks Nuclear Power Plant [4-7]
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Figure 4.3.1-3: View of the twin units of the Paks Nuclear Power Plant [4-8]
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Fuel management and storage 

The used or spent fuel assemblies, i.e. those no longer fit for use in the reactors, must be kept in a sub-critical condition, 
must be shielded for protection against radiation, and must be cooled to carry away their remaining heat. After their 
removal, the spent fuel assemblies are temporarily stored in a fuel pond, with an independent cooling circuit, in the 
immediate vicinity of the reactor. 

Following their storage for 3 to 5 years in the fuel pond, the spent fuels are transported to the Spent Fuel Interim Storage 
(KKĆT/SFIS) in order to free up the fuel pond for uninterrupted reactor operation. 

4.3.1.1 Security zone of the Paks Nuclear Power Plant 

The minimum width of the security zone of the Paks Nuclear Plant is 500 m calculated from the following elements and 
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 buried in 
the ground, 

- the walls of the turbine engine room, 

- the walls of the desalinated water pump rooms, 

- the walls of the electrical cross bus line galleries, 

- the walls of the reactor halls, including the walls of the localisation towers, 

- the outermost points of the subterranean fuel tanks of diesel generators, 

- the walls of diesel engine rooms, 

- the walls of the auxiliary buildings, and 

- the walls of the reinforced concrete tube bridge. 

 

Figure 4.3.1-4: The security zone of the Paks Nuclear Power Plant [4-6]  
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4.3.2 400 KV SUBSTATION 

The electricity generated by the turbines of the Paks Nuclear Plant is transformed by the main transformers to 400 kV. 
The main transformers are connected via a 400 kV overhead electrical power line to a 400 / 120 kV substation, 
constituting part of the national grid, in the south east of the Paks Plant. The 400 kV transmission lines running from the 
substation provide the main routes of the delivery of the electricity generated. The 400 kV station section is connected to 
a 120 kV substation and, hence, the 120 kV long-distance transmission line via two 400 / 120 / 18 kV, 250 / 250/ 75 MVA 
booster transformers. 

The 400 kV substation uses SF6 gas-insulated switchgear technology in a one-and-a-half breaker arrangement. The 120 
kV part is a traditional substation with 2 main and 1 auxiliary bus lines. 

The substation is owned by MAVIR. Entry to the premises is only possible from the premises of the Paks Nuclear Plant. 
[4-8], [4-6] 

4.3.3 SPENT FUEL INTERIM STORAGE (SFIS) 

The spent fuel generated during the operation of the power plant must be temporarily stored prior to any further 
processing or final placement without reprocessing. Following their storage for 3 to 5 years in the fuel pond, the spent 
fuel cartridges are moved to the Spent Fuel Interim Storage (KKĆT/SFIS) located next to the Paks Nuclear Power Plant.  

 

Figure 4.3.3-1: Paks Nuclear Power Plant KKĆT/SFIS [4-6] 

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

The storage facility can be divided into three parts. One part is the storage chamber described above. The next one is 
the so called loading hall above the storage chambers, where the cartridges delivered to the facility are loaded in a 
loading machine into the individual storage tubes. The third part of the facility is the receiving building, where the spent 
fuels transported in a C30 container are prepared for storage and where the other systems required for the operation of 
the facility are located. In the C30 container the fuels are transported under water. Before the fuels are placed in the 
storage tubes, they must be dried after removal from the container. For this reason, the receiving building also houses 
the technological systems and equipment required for servicing the container and drying the fuels.   

The SFIS is a modular interim storage facility, with a storage capacity that can be expanded by the addition of new 
storage modules. Pursuant to Act CXVI of 1996 (Atomic Energy Act), the interim storage of spent fuels is assigned to 
Radioakt²v Hullad®kokat KezelŖ Kºzhaszn¼ Nonprofit Kft. The SFIS is located next to the Paks Nuclear Power Plant. It is 
a separate nuclear facility, independent of the operator of the power plant, having its own separate Final Safety Report 
and operating license. 
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The cross-section of the storage chamber that contains the storage tubes and ensures natural draught is illustrated in 
Figure 4.3.3-2.  

 

k¿rtŖ ï flue, l®gterelŖk ï air baffles, betºltŖ csarnok ï load chamber, §trakod·g®p ï transfer machine, t§rol·csŖ z§r·dug· ï plug of storage tube, betºltŖ fed®lzet ï 
loading platform, t§rlo·csºvek ï storage tubes, hŤtŖlevegŖ bel®pŖ ny²l§s ïcooling air inlet, mad§rh§l· ï catch net, kamra ï chamber 

Figure 4.3.3-2: Cross-section of the SFIS [4-6] 

4.3.3.1 The SFIS safety zone 

 

Figure 4.3.3-3: SFIS safety zone [4-6]  
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4.4 MONITORING SYSTEMS IN THE NEIGHBOURHOOD OF THE PAKS NUCLEAR POWER PLANT 

Like all other power generating facilities, the Paks Nuclear Power Plant continuously monitors its characteristic 
environmental emissions that are necessary concomitants of is technology, as well as their appearance in the 
environment (immissions), and furnishes a summary report of them, cf. the 2013 Environmental Report of the MVM 
Paksi AtomerŖmŤ Zrt. [4-9] 

4.4.1 CONTROL OF TRADITIONAL ENVIRONMENTAL CONDITION INDICATORS 

4.4.1.1 Control of waste water and used water emission 

Waste and used water emission is monitored in compliance with the Self-Revision Plan approved by DdKTVF. 

Temperature monitoring 

The temperature of the Danube water is measured at the northern supporting buttress of the baffle wall of the cold 
water channel. 

The temperature of the warmed-up coolant (warm water) is measured at the end of the warm water conduit, before 
the left-bank gate. 

Water volume measurement 

Water volume is measured by ultrasound volume meters installed on the warm water conduit and the back mixing pipes. 

Water quality monitoring 

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

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

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

Expansion area pump shaft: Quality of waste water transferred to the Paks city waste water treatment plant (with a 
set threshold).  

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

4.4.1.2 Groundwater monitoring 

In order to monitor potential sources of environmental pollution, the Paks Nuclear Power Plant operates a groundwater 
monitoring system, as required by its environmental licenses. In the system set up for monitoring conventional 
emissions, the following parameters are measured and analysed at the following sampling points: 

At wells in the neighbourhood of the operational hazardous waste collection site: pH, total salt, total oil, KOIps, Fe, 
Mn, Cu, Zn, Pb, Cr, Ni values, 

At the sludge area wells: pH, conductivity, total hardness, total salt content, ammonium, total oil, KOIps, NO3
-, Fe, 

Mn, Cu, Zn, Pb, Cr, Ni, Cl- values, 

At the wells located next to the oil tanks: pH, oil content, NO3
-, ammonium, Cl values, 

At the monitoring wells designated on the operating area: pH, ammonium, nitrate, KOIps. 

4.4.1.3 Exposure of the Danube to heat 

Inspection of compliance with the heat load limits applicable to the Danube is performed according to the Self-Revision 
Plan approved by DdKTVF. According to the provisions of this Plan, the temperature of the water removed from and 
returned to the Danube is continuously measured, and if the temperature of the 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 
measured. 
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4.4.2 OPERATIONAL ENVIRONMENTAL RADIATION PROTECTION CONTROL SYSTEM (PERMS) 

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

These measurements were performed by the Paks Nuclear Power Plant, various authorities and other institutions. 

The fundamental purpose of nuclear environmental monitoring is to survey the nuclear power plantôs emission of 
radioactive substances, the appearance of the latter in the environment, and to identify environmental radiation levels.  

The metering obligation is based on Decree 15/2001. (VI. 6.) of the Minister for the Environment on radioactive 
emissions to the air and to waters and on their control, which stipulates that during the use of nuclear energy the levels 
of environmental radioactivity related to the emissions of the power plant must be monitored in the air and in water. 

The continuous monitoring of the vicinity of the Paks Nuclear Power Plant must be performed by the Operational 
Environmental Radiation Protection Control System (PERMS). The summary report of the findings related to the 
measured ambient radiation and radioactive concentration based on sampling from the individual environmental media is 
published each year under the title ñRadiation Protection Activity in the Paks Nuclear Power Plantò.  

The territorial arrangement of the radiological and environmental monitoring system of the Paks Nuclear Power Plant is 
shown Figure 4.4.2-1. 

 

T§vm®rŖ ®s mintavevŖ §llom§s (A t²pus¼) ï Remote measuring and sampling station (type A) 
MintavevŖ §llom§s (B ®s C t²pus¼) ï Sampling station (type B and C) 
V²zm®rŖ ®s mintavevŖ §llom§s ï Water metering and sampling station 
Meteorol·giai m®rŖtorony ï Meteorological monitoring tower 
Az ¦KSER kºzpontja ï PERMS centre 
KºrnyezetellenŖrzŖ Laborat·rium ï Environmental Monitoring Laboratory 
T§vm®rŖ §llom§s (G t²pus¼) ï Sampling station (type G) 

Figure 4.4.2-1: Geographic location of the radiological and environmental monitoring system of the Paks Nuclear Power Plant [4-10] 
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Emissions and the condition of the environment are assessed by monitoring at two levels: 

× by continuous measurement  

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

× by sampling 

ü The Emission Monitoring Laboratory uses isotope selective, high-precision laboratory investigation 
methods to improve the accuracy of the remotely measured values of the samples taken from the 
emitted media. 

ü The Environment Monitoring Laboratory measures the isotope selective radioactive concentration, 
the gamma radiation dose and the dose rate of the various environmental samples taken from of 
the environment within 30 km of the plant. 

Both laboratories are accredited by the National Accreditation Board. 

The structure of the two-level radiological and environmental monitoring system of the Paks Nuclear Power Plant is 
shown in Figure 4.4.2-2. 

 
Radioakt²v folyamatok folyamatos t§vm®r®se ï Continuous remote 
monitoring of radioactive emissions 
Dozimetriai Vez®nylŖ ï Dosimetric control room  
KºrnyezetellenŖrzŖ §llom§sok ï Environmental monitoring stations:  

- 9 of type A 
 - 1 of type B 
 - 11 of type G 
 - 14 of type C 
Udvart®ri d·zisteljes²tm®ny m®r®s ï Doseage metering on the courtyard  
Meteorol·giai Torony ï Meteorological tower 
ErŖmŤ ï Power plant 
A kibocs§t§sok mintav®teles ellenŖrz®se a Kibocs§t§s-ellenŖrzŖ 
laborat·riumban ï Monitoring emissions by sampling in the Emission 
Monitoring Laboratory 

L®gnemŤ ®s foly®kony kibocs§t§sok izot·pszelekt²v meghat§roz§sa (Ŭ-, ɓ- 
®s ɔ- sug§rz·k) ï Isotope-selective definition of aeriform and liquid 
emissions (Ŭ-, ɓ- and ɔ- emitters) 
A kºrnyezet mintav®teles ellenŖrz®se a KºrnyezetellenŖrzŖ 
Laborat·riumban - Environmental monitoring by sampling in the 
Environmental Monitoring Laboratory 
KºrnyezetellenŖrzŖ Laborat·rium ï Environmental Monitoring Laboratory  
Mozg· Laborat·rium ï Mobile Laboratory 
Kºrnyezeti mint§k izot·p-ºsszet®tel®nek meghat§roz§sa ï Definition of the 
isotope-composition of environmental samples   
Helysz²ni sug§rz§sm®r®s ï On-site radiation measurement 

Figure 4.4.2-2: Structure of the two-level radiological and environmental monitoring system of the Paks Nuclear Power Plant [4-11] 
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4.4.2.1 Radioactive emissions and their control 

In 2004 the emission limitation system prescribed by Decree No. 15/2001. (VI.8.) of the Minister for the Environment 
entered into force. It compares both aeriform and liquid emissions to the isotope specific emission limits derived from the 
dose limits (90 ɛSv/year) set for the Paks Nuclear Power Plant. 

In 2013, the Paks Nuclear Power Plant used 0.26% of the emission limit, in other words, 0.26% of the permitted values 
were emitted. Utilisation of the limits on liquid emissions was 1.77 10-3, i.e. 0.18%, while 7.7710-4 or 0.08% of the 
aeriform emission limit was used. 

Utilisation was similar in the previous years: 2012 - 0.26%, 2011 - 0.20%, 2010 ï 0.25%, 2009 - 0.22%. 

4.4.2.1.1 Aeriform emissions 

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

In addition to the systems managing exhaustions from the potentially polluted premises of the Paks Nuclear Power 
Plant, special gas purifying systems and a hydrogen treatment system ensure minimum emission to the air. The gas 
purifying systemôs function is to purify low- and high-activity gas reliefs. The function of the hydrogen treatment system is 
to catalize the burning of the hydrogen gas leaving the primary circuit heat carrier of the unit in order to prevent the 
building up of an explosive concentration. 

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

Emission point No. 1: ventilation chimney of reactor units 1-2 
Emission point No. 2: air funnel of the sanitary building 
Emission point No. 3: ventilation chimney of reactor units 3-4 

The chimney is measured online, inert gases are metered by a gamma spectroscopic method (NEKISE), 85Kr is 
measured by sampling, aerosol is also measured by sampling, from daily and weekly samples, iodine is measured with 
the sampling method, from daily and weekly average samples, and 89,90Sr, T, 14C are also measured from samples. 

  



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site  Description of the Planned Installation Site 
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 95/217 

 

 

Radionuclides 
Total emission  

[Bq] 
Utilisation of the emission limit 

Corrosion and fission products 1.19 ï 109 1.93 10-4 

Radioactive inert gases 2.86 1013 3.46 10-4 

Radio-iodines 7.37 ï 107 3.29 10-5 

Tritium 4.05 1012 2.34 10-5 

Radio-carbon 6.39 1011 1.81 10-4 

Total  7.77 10-4 

Table 4.4.2-1: Aeriform emissions by the Paks Nuclear Power Plant ï 2013 [4-12] 

In 2013, utilisation of the limits on aeriform emissions was 7.77 10-4, i.e. 0.08%. 

4.4.2.1.2 Liquid emissions 

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

- above-balance waters; 

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

- waste from room decontaminations and other runoff;  

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

- spent ion-exchange resins of primary circuit water purifiers, 

- chemical waste from equipment decontaminations,  

- evaporator acidifying solutions,  

- waste water generated in the primary circuit laboratories, laundry waste water and polluted showering 
water, 

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

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

The generated liquid wastes, concentrates and used ion-exchange resins are stored in tanks in auxiliary building No. 1 
of units 1-2, and auxiliary building No. 2 of units 3-4. 

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

Liquid radioactive materials are emitted from the Paks Nuclear Power Plant through one point in a controlled way: the 
waters emitted from controlled tanks are drained to the warm water channel via permitted emission routes, through the 
outlet conduit that collects purified communal waste water above-balance waters before the energy dissipation device, 
and then they are let into the Danube.  

Summary data of the 2013 liquid radioactive emissions: 

Radionuclides 
Total emission 

[Bq/year] 
Utilisation of the emission 

limit 

Corrosion and fission products 2.91 x 109 1.00 10-3 

Tritium 2.24 x 1013 7.73 10-4 

Alpha-emitting radionuclides 1.87 x 106 1.93 10-6 

Total  1.77 10-3 

Table 4.4.2ï2: Liquid emissions by the Paks Nuclear Power Plant ï 2013 [4-12] 

In 2013, utilisation of the liquid emission limit was 1.77 10-3, i.e. 0.18%. 
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4.4.2.2 Assessment of the state of the environment 

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

¶ measuring the radioactive concentration of the air, fall-out, the soil, 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 dose rate. 

Figure 4.4.2-3 shows the location of remote monitoring stations that monitor the state of the environment in the vicinity of 
the Paks Nuclear Power Plant. 

 

Kºrnyezeti Ćllom§sok ï Environmental stations 
Koordin§t§k G-t²p ï Co-ordinates type G 
Koordin§t§k S-t²p ï Co-ordinates type S 

Figure 4.4.2-3: Type ñAò and ñGò remote monitoring stations monitoring the condition of the environment in the vicinity of the Paks 
Nuclear Power Plant [4-12] 

4.4.2.2.1 Remote metering systems 

Remote metering systems within a 1.5-km radius of the Paks Nuclear Power Plant  

Nine type ñAò measuring and sampling stations (A1 to A9) 

o gamma dose rate measuring (on-line) 
o (online) measuring the total beta activity concentration in aerosols 
o (online) measuring the radio-iodine elementary and organic phases 
o taking aerosol and iodine samples for laboratory measurements (weekly and monthly) 
o 6 fall-out, wash-out sampler (monthly) 
o T/14C sampler (T: aqueous vapour and hydrogen), 14C: CO2, and CO2 + CnHm); (monthly) 

11 stations of the type ñGò (G1-G11) 

o gamma dose rate measuring (on-line) 

                                                           
6The fall-out of radioactive isotopes in the air may take place by deposition (gravitational precipitation), or as a result of the erosion effect of falling rain or snow. 
Collectively these processes are termed fall-out. 
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Remote metering systems within 30 km of the Paks Nuclear Power Plant 

One measuring and sampling station of type ñBò (B24) ï Reference (control) station at Dunafºldv§r 

For the purpose of determining reference or background levels, the same measurements are performed as with 
type ñAò stations. 

15 stations of the type ñCò 

o dose measurements performed by thermo-luminescent detectors (TLD) (monthly) 
o fall-out sampling and analysis (periodically) 

4.4.2.2.2 Sampling, laboratory tests 

o water samples at water sampling points V1, V2 and V3 (daily sampling for total gamma, total 
beta, and monthly or quarterly sampling for isotope selective measurements) 

o water samples and sludge samples 

¶ Danube, fish ponds, catch drain, lime sludge pool (quarterly) 

¶ Danube Backwater at Fadd (monthly) 

o soil and grass samples from the vicinity of remote monitoring stations (periodically) 
o milk samples from the dairies at Dunaszentgyºrgy and Tengelic (monthly) 
o fish samples from angling ponds (quarterly) 

4.4.2.2.3 Measurement of groundwater tritium activity concentration 

To measure the tritium content of the groundwater under the main building, the Paks Nuclear Power Plant runs a 
monitoring system in order to meet the requirements of Section 13-2 a) of resolution HA-4797 (IBJ tasks) of OAH. 

Fundamentally, the tests are based on the network of groundwater monitoring wells surrounding the nuclear power plant, 
consisting of nearly 140 wells, of which 52 are sampled monthly or annually by the Radiation and Environmental 
Protection Department. The tritium activity concentration measurement of the samples was supplemented by total beta 
and gamma spectrometry measurements whenever tritium concentration exceeded 500 Bq/dm3. Within the framework of 
environmental monitoring, continuous water samplers were installed in 25 wells for the main purpose of detecting other 
radioactive substances that might be present (gamma spectrometry once in 2 months, 14C once in 4 months, 89,90Sr 
once in 4 months, Pu-TRU trans-uranium once in 8 months from large-volume (20 liter per month) average 
samples), in addition to monitoring tritium. 

The annual additional exposure to radiation from groundwater tritium is about 0.01 nSv/year, practically negligible in 
comparison to the exposure to natural background radiation, which is about 20% higher in Hungary than the global 
average (2,4 mSv/year), as it amounts to 3, or at certain places 4 mSv/year. 

4.4.2.3 Additional exposure of the population to radiation 

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

Dose limit mSv/year 90 

Population dose mSv/year 4.83 10-2 

Limit utilisation  % 5.37 10-2 

Table 4.4.2ï3: Dose limit utilisation at the site of the Paks Nuclear Power Plant ï 2013 [4-12] 

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

This additional radiation exposure is identical to the effective dose received during about half an hour in the open air, 
thus it does not impose practically any health hazard, and the population was exposed to a negligible amount of 
additional radiation. 
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4.4.3 JOINT ENVIRONMENTAL RADIATION MONITORING SYSTEM (JERMS) 

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

 

Note: 
E¿Ć ï healthcare 
FmĆ ï agriculture 
KvVĆ - environment and water management 

Figure 4.4.3-1: Official measuring points within 30 km of the Paks Nuclear Power Plant  [4-13] 

The following ministries are members of JERMS: 

Ministry of Human Resources (EMMI), Healthcare Division (E¿Ć) 
Ministry of Agriculture (FM)  

Agriculture Division (FmĆ) 
Environment and Water Management Division (KvVĆ) 

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

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

o atmospheric aerosol, 
o atmospheric fall-out, dry-out, 
o surface waters (rivers, natural and artificial lakes, channels) 
o drinking water (wells, depth) 
o deposit (rivers, natural and artificial lakes) 
o soil and grass samples (irrigated and non-irrigated arable land, garden, meadow and road-

side) 
o leaf vegetables (kitchen garden indicator plants, raw kitchen garden food, fruits) 
o meats (pork, beef, lamb, poultry, game, fish) 
o raw milk 

In the course of the impact assessment of the environs of Paks II, the data measured by JERMS were analysed in detail 
in the chapter entitled ñEnvironmental Radioactivityò. 

Under the title Report of the Joint Environmental Radiation Monitoring System, JERMS publishes annual reports of its 
activities performed in the scope of its regulatory inspection of the neighborhood of the Paks Nuclear Power Plant. The 
reports containing the findings recorded between 1999-2012 are public and can be downloaded from the JERMS 
website: 

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

http://www.hakser.hu/eredmenyek/eredmenyek.html
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4.4.4 NATIONAL ENVIRONMENTAL RADIOLOGICAL MONITORING SYSTEM (NERMS) [4-14] 

Under Government Decree 275/2002. (XII.21.) Korm. the core responsibility of the National Environmental Radiological 
Monitoring System (NERMS) includes the collection of countrywide measurement results of natural and man-made 
environmental radiation to which the population is exposed, and of the concentration of radioactive materials in the 
environment. 

The following are measured: 

¶ ambient radiation dose rate, 

¶ activity concentration of radioactive isotopes, 

- in the environmental elements (air, soil, surface waters, natural and agricultural plants, wild fauna and 
livestock), 

- in the animal and plant-based foods consumed by the population and their raw materials, 

- in drinking water, 

- in construction materials and raw materials, 

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

¶ internal radioactive pollution of the human body. 

Based on the NERMS measurements, additional tasks include: 

× furnishing the population with information, 

× publishing the outcomes of the surveys in annual reports, 

× digesting the survey data collected on a national level to inform the Commission of the European 
Communities. 

Various public administration organisations and certain special institutions, i.e. NERM members participate in the activity 
of NERMS. NERMSô activity is managed by a Steering Committee (NERMS SC). The centralized online collection and 
evaluation of the results collected by the separate radiological environmental monitoring networks of the individual 
NERMS members and the administrative tasks of NERMS are performed by the Information Centre of NERMS (NERMS 
IC). 

The following ministries, national organisations and key facilities are members of NERMS: 

Ministry of Human Resources 
Ministry of National Development 
Ministry of Agriculture 
Ministry for the National Economy 
Ministry of Defense 
Hungarian Academy of Sciences 
Hungarian Atomic Energy Authority 
Political State Secretary Contributing to the Management of Civilian State Security Services 

MVM Paksi AtomerŖmŤ Z§rtkºrŤen MŤkºdŖ R®szv®nyt§rsas§g 

Radioakt²v Hullad®kokat KezelŖ Kºzhaszn¼ Nonprofit Kft. (Public Limited Liability Company for Radioactive Waste 
Management) 

NERMS uses the findings of the following radiological laboratories, operated by NERMS members, and the 
environmental monitoring results of monitoring network for the analysis of the radiological characteristics of Hungary. 

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

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

Hungarian Academy of Sciences 

KFKI Atomic Energy Research Institute 

Ministry of Human Resources 

http://www.okser.hu/tagok/tagok.html
http://www.okser.hu/szb/szb.html
http://www.okser.hu/aszk/aszk.html
http://www.okser.hu/ik/ik.html
http://www.okser.hu/ik/ik.html
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Ministry of the Interior 
National Disaster Control, General Directorate, Nuclear Accident Information Centre 
National Radiation. Monitoring and Signaling System (NERMS), remote monitoring network 

Paksi AtomerŖmŤ Z§rtkºrŤen MŤkºdŖ R®szv®nyt§rsas§g 
Operational Environmental Radiation Protection Control System 

Radioakt²v Hullad®kokat KezelŖ Kºzhaszn¼ Nonprofit Kft. (Public Limited Liability Company for Radioactive Waste 
Management)  

Operational Environmental Radiation Protection Control System 

Conclusion of the 2012 NERMS Report 

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

ñIt must be emphasized that while according to the relevant regulation of the European Union {Post-Chernobyl 733/2008/EC, 

Council Regulation No 733/2008 of 15 July 2008 on the conditions governing imports of agricultural products originating in third countries following 
the accident at the Chernobyl nuclear power plant (codified version); Council Regulation (EC) No 1048/2009 extends its validity until 31 March 

2020) (OJ L-201 of 30/07/2008, page 1)} the maximum permitted levels of accumulated maximum radioactive level in terms of 
caesium-134 and -137 is 600 Bq/kg (370 Bq/kg for milk, milk products and baby food), the highest values measured in 
2012 in processed foodstuffs in Hungary remained below 40 Bq/kg.  

ñFinally we mention that the exposure of the population to radiation from man-made sources ï other than those used for 

medical purposes ï can be estimated between 3 to 6 mSv in recent years in Hungary, while exposure to radiation from 
natural sources is higher by nearly three orders of magnitude.ò 

ñIn summary it can be stated that according to both national and facility-specific environmental monitoring results, the 
activities subject to licensing have negligible impacts on the environment and on the population, and the radioactive 
isotope concentration values remain below the detection limit for many kinds of samples.ò 

In line with the above, Figure 4.4.4-1 shows changes in the national average and daily maximum and minimum gamma 
dose rates for the purpose of characterizing the conditions prevailing in Hungary. 

 

Az orsz§gos h§tt®rsug§rz§s v§ltoz§sa 2012-ben ï Changes in the background radiation, 2012 
nSV/·ra ï nSv/h 
§tlag ï average 
max. ï  max. 
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Figure 4.4.4-1: Changes in the national average, maximum and minimum gamma dose rates in 2012 [4-15] 
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The daily dose rates measured by the dose rate probes included in the environmental monitoring system of the Paks 
Nuclear Power Plant in 2012 at type ñAò and ñGò environmental monitoring stations show environmental dose rates 
fluctuating between 58 and 98 nSv/h in the ambience of the Paks Nuclear Power Plant. These values represent the 
lower range of all values measured in Hungary. The temporal changes in the measured values are shown below. 

 

D·zisteljes²tm®ny, nSv/h ï Dosage rate nSv/h 

Figure 4.4.4-2: 2012 daily dose rates of the Paks Nuclear Power Plant, measured at its environment monitoring stations [4-12] 

4.5 SUMMARY OF THE TOPOGRAPHIC FEATURES AND CHARACTERISTICS OF THE PAKS SITE 

The Paks site has numerous favourable features for the implementation of new nuclear power plant units: 

V a nuclear power plant has been operating at the Paks site for over 30 years, 

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

V the site and environs of the nuclear power plant is a meticulously investigated and studied area, 

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

V the site is directly on the bank of the Danube, 

V the Danube is available as a cooling water resource, 

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

V the site is easy to access by road and rail,  

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

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

V the meteorological properties are favourable,  

V population density is below the national average in the 30 km vicinity of the power plant, with the exception 
of the city of Paks, 

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

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

Compliance with the geological and nuclear safety requirements will be evaluated in detail and certified by the Hungarian 
Atomic Energy Authority in the framework of a site licensing procedure to be conducted on the basis of the Nuclear 
Safety Regulations (NSR) attached as annexes to Government Decree No. 118/2011. (VII.11.) on the nuclear safety 
requirements of nuclear facilities and the related activities of authorities. 
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5 POSSIBLE CONDENSER COOLING METHODS OF NEW NUCLEAR UNITS 

5.1 COOLING REQUIREMENTS AND OPTIONS FOR ELECTRICITY PRODUCING POWER PLANTS WITH 

CONDENSERS 

In the case of condenser cooled power plants of all types the laws of physics dictate that the majority of heat emitted by 
the fuel ï or the fuel rods in the case of nuclear power plants ï that cannot be utilized for electric power production be 
discharged into the natural environment, which acts as the final heat absorber. The reason for this is that the condenser 
cannot be cooled below the actual ambient temperature. This also determines the efficiency of this cyclical process.  

In the case of modern nuclear power plants with current state of art technology, about 65-67% of the 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, there is also heat produced in the primary and secondary circuits of nuclear 
power plants that cannot be used for electric power production, and which is carried off by the cooling systems. The 
waste heat produced in the primary circuit of power plants is carried off by the so-called emergency cooling water 
system; the condensation heat to be extracted from the condenser in the secondary circuit is carried off by the 
condenser cooling water system; and the heat generated in the technological systems of the secondary circuit is carried 
off by the technological cooling water system.  

More than 95% of cooling demand in a nuclear power plant is met by cooling the condenser.  

Primarily, the following choices are considered to absorb the generated heat, depending on the amenities of the site:  

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

In cases where there is a large amount of water available in the vicinity of a power plant, cooling is achieved by 
streaming the cooling water directly through the condenser; this is the so-called fresh water cooling method. The 
warmed-up 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 water inside 
the cooling towers recirculates between the cooling tower and the condenser. In this case, the majority of the heat to be 
discharged is carried off by the evaporation heat of the cooling water, and the rest of the heat is absorbed by the air 
through heat transfer.  

Nearly Ĳ of nuclear power plants in operation today utilize fresh water cooling, and the rest use cooling towers. 

Fresh water cooling  Cooling towers 

Sea River Lake Wet/Dry 

45% 14% 15% 26% 

74% 26% 

Table 5.1-1: Breakdown of current nuclear power plant cooling systems [5-1] 

In the case of the planned new nuclear units, the main technology and the majority of auxiliary systems and facilities 
have a relatively low dependency on the installation environment; however, the cooling system must be chosen in a 
project specific manner, taking the features of the actual environment into consideration. The cooling method affects the 
technical and economical features and the environmental impact of the planned new nuclear units. 
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5.2 STATUTORY FRAMEWORK AND LIMIT VALUES FOR THE THERMAL LOAD OF 

AQUATIC ENVIRONMENTS 

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

5.2.1 GENERAL REGULATION AND LIMITS APPLICABLE TO HEAT LOAD ON THE AQUATIC ENVIRONMENT 

5.2.1.1 European Union 

Thermal discharge is limited by Annex I to Directive 2006/44 (EC) of the European Parliament and the Council:  

V in the case of cyprinid waters, the 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 3% 

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

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

5.2.1.2 Hungary 

The general rules are set forth in Government Decree 220/2004. (VII. 21.) on the protection of surface water quality and 
Decree 28/2004. (XII. 25.) KvVM on the emission limits of water pollutants and the rules governing the application of 
these limits. The limit values for the thermal load of the aquatic environment must be specified based on independent 
analysis, taking into account the sensitivity and load bearing capacity 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 in Decree 
10/2010. (VIII. 18.) VM on surface water contamination limits and the rules governing their application.  

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

Quality parameters  Trout waters Barbel waters Bream waters 

Temperature* ÁC 18 25 30 

Temperature change** ÁC 1.5 3 5 

Note: 
temporary deviations from the water contamination limit value are allowed Article 12 (1) 
**: temperature measured downstream of a point of thermal discharge (at the edge of the mixing zone) must not exceed the 
unaffected temperature by more than the value indicated above. 

Table 5.2.1-1: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 Decree No. 6/2002. (XI. 5.) 
of the Minister of Transport and Water Management. The Danube is not included here, thus according to the relevant 
statute (as of June 7, 2014), it does not qualify as a fish water. The classification of the Danube, or some of its sections, as 
a fish water of some type should be based on ecological impact assessment studies. 

Licensing practice 

During the licensing procedure of traditional power plants, the authorities specify the allowed difference between the 
temperature of the removed and returned water (ȹTmax), the maximum allowed temperature of the water to be 
discharged (Tmax), the increase in temperature after mixing (ȹT) and the place of measurement. 
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5.2.2 REGULATION OF THE HEAT LOAD IMPOSED BY NUCLEAR POWER PLANTS 

5.2.2.1 Member States of the European Union 

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

Finland 

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

The two nuclear power plants currently in operation, Olkiluoto and Loviisa, use sea water cooling. Discharge limit value 
for Olkiluoto is 30ÁC (weekly rolling average), measured at a distance of 500 meters from the discharge channel. 

For Loviisa, the limit value is 34ÁC (hourly average), measured at the discharge point.  

Germany 

In Germany, the temperature difference between the removed and returned water must not exceed 10ÁC. The maximum 
temperature of discharged water depends on the cooling method; 30ÁC in the case of fresh water cooling, 33ÁC in the 
case of open system cooling towers and 35ÁC in the case of closed system cooling towers. 

The amount of water removed must not exceed 1/3 of the lowest water yield. 

Sweden 

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

Typically, the amount of water removed by nuclear power plants does not exceed 200 m3/s (per site), and the allowed 
temperature increase is 10ÁC. [5-2] 

5.2.2.2 Hungary 

Statutory regulation applicable to heat loading by fresh water cooling systems 

High priority facilities, and more specifically, nuclear power plants, are subject to a special regulation set forth in Decree 
15/2001. (VI. 6.) of the Minister for the Environment (KºM) on radioactive emissions to the air and to waters and on their 
control. The provisions for protecting surface waters and water bearing formations against thermal pollution are set out in 
Article 10 (1) of the Decree. 

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

a) the temperature difference between the water to be discharged and the recipient water must not exceed 11ÁC, or 
14ÁC if the temperature of the recipient water is less than +4ÁC; 

b) the temperature of the recipient water measured anywhere in a section 500 meters downstream of the point of 
discharge must not exceed 30ÁC. 

Based on Article 66 (1) of Act LIII of 1995 on the general rules of environmental protection, other heat load limits 
required for protecting water quality are determined by the supervisory authority in the course of licensing the use of 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 atmospheric 
purity protection metric or limit value for the assessment of the effects of vapour formation and condensation.  
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5.3 COOLING METHODS TO BE TAKEN INTO CONSIDERATION REGARDING THE PAKS SITE 

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

The results of the analyses revealed that the two cooling methods feasible at Paks are fresh water cooling and cooling 
tower cooling. These two options, i.e. the fresh water cooling system utilizing the water of the Danube, the principle of 
which is identical to the cooling method of existing units 1 to 4, and the wet cooling tower cooling system, which can 
operate independently of the Danube in air cooling mode, were analysed in depth. 

The key solutions analysed and their possible alternatives are summarized in Chapter 5.3.1 and Chapter 5.3.2 below, for 
the fresh water cooling system and the wet cooling tower cooling system, respectively.  

5.3.1 FRESH-WATER COOLING 

In the case of fresh water cooling ï the method currently used at the four existing units of Paks ï the waste heat is 
removed by circulating Danube water through the condenser. For this cooling solution, water is removed by pumps at the 
water intake plant from the Danube, and fed through appropriate filters and pipelines to the unitôs turbine engine room. 
The cooling water flows through the condenser, and the warmed cooling water is released back into the Danube through 
the warm water channel and the return structure. 

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

5.3.1.1 Alternative cooling water supply solutions 

When analyzing the possible cooling water supply alternatives [5-5], the aspects of technology, cost-effectiveness and 
environmental protection were considered.  

For the technology, the aim is to supply an adequate amount of cooling water, taking into consideration the 
characteristics of the Danube, the different water levels, water yields and water temperatures. Water may be sourced 
either from the Danube bank or the river bay of the existing cold water channel of the Paks Nuclear Power Plant. As the 
site of the Paks Nuclear Power Plant was chosen so that further units may be built there, cost-effectiveness criteria for 
cooling water supply dictate making use of the amenities of the site and the existing facilities as much as possible.  

From the aspect of environmental protection, it is also advisable to use the existing facilities, with modifications applied 
where necessary. In order to limit the encroachment of new routes and facilities on Natura 2000 classified areas, efforts 
shall be made to make sure that Natura 2000 areas are affected as little as possible.  

The most important alternatives studied for cooling water intake and supply are the following: 

o Cooling water supply using a Danube bank water intake structure 
o Cooling water supply using the in-bay water intake structure (selected solution) 
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5.3.1.1.1 Two-stage cooling water supply using a Danube bank water intake structure 

In this alternative, the water intake plant would be erected on the right bank of the Danube, about 400 meters away from 
the mouth of the existing cold water channel of the Paks Nuclear Power Plant, facing upstream. Water is removed from 
the Danube by the pumps of the water intake plant to be installed on the river bank, and then the cooling water is fed via 
a free flow channel, filters and a closed, reinforced concrete channel to the pump station located next to the turbine 
engine room. The condenser cooling water pumps located here circulate the water through the condenser, and then the 
warmed cooling water is fed via a closed, reinforced concrete channel to the spillway. After the spillway, the warmed 
cooling water of the new units is released back into the Danube.  

 

Figure 5.3.1-1: Two stage fresh water cooling system ï layout [5-3], [5-4]  
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5.3.1.1.2 Cooling water supply using a bay water intake structure 

In this alternative, the new intake plant built in the river bay is located about 150 meters north of the existing water intake 
plant, next to the existing cold water channel of the Paks Nuclear Power Plant. The cold water channel is used jointly by 
the units of Paks Nuclear Power Plant and Paks II. Nuclear Power Plant. The cold water channel needs to be extended 
to provide an adequate volume of cooling water and to adapt to the continuous deepening of the Danube. The water 
from the Danube is fed via the existing, adequately enlarged, free flow cold water channel with partially aproned earth 
bed to both the new and the existing water intake plants. The pump station of the new water intake plant that supplies 
the new units with cooling water feeds the cooling water via a pipeline to the condensers of the new units.  

 

Figure 5.3.1-2: River bay cooling water supply, water intake from the existing cold water channel - site map 

Of the analysed cooling water supply alternatives, the bay water supply basically differs from the two stage fresh water 
cooling system in that in this case, the existing cold water channel is a facility shared with the existing Paks Nuclear 
Power Plant. With the adequate expansion of the cold water channel, the necessary amount of cooling water can be 
provided for the both the existing units of Paks Nuclear Power Plant and the planned new units of Paks II.  

5.3.1.1.3 Evaluation 

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

From the aspect of environmental protection, the option with the lowest self-consumption and the one resulting in the 
smallest amount of lost electric power is the most favourable, as any electric power lost to self-consumption must be 
produced in another power plant. The most favourable considered alternative is the bay cooling water supply. 

In terms of environmental impacts, in the case of the two-stage cooling water supply, a narrow section of Natura 2000 
area is affected due to the water intake on the Danube bank, which presents yet another disadvantage compared to the 
river bay cooling water supply. 

Based on survey results and in light of the technological, financial, environmental and nature conservation 
considerations, the bay cooling water intake and supply alternative was chosen.  
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5.3.1.2 Alternative solutions for the discharge of heated cooling water into the Danube 

During the analysis and comparison of the different options of passing the warmed cooling water (henceforth: warm 
water) from the units to the spillway, and onward from there to the Danube, then discharging it into the 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 investigated the use of the existing 
warm water channel. The results show that it is preferable to make use of the existing warm water channel.  

The alternatives of discharging warm water into the Danube are as follows: 

o discharge into the Danube on the left bank, 
o discharge into the Danube beyond the shipping lane, at the bottom of the bed, 
o discharge into the Danube on the right bank (selected solution). 

Based on currently known conditions, discharging the warm water on the left bank of the Danube was discarded due to 
unfavourable mixing and significant investment costs compared to the other two alternatives. 

Discharging the warm water beyond the shipping lane of the Danube is possible, and mixing is favourable in this case, 
but this solution requires a few significant technical interventions, and installing the structure that handles the deepening 
of the river bed is very expensive. Based on currently known conditions, discharging the warm water beyond the 
shipping lane of the Danube is only a secondary solution to the warm water discharge on the right bank of the Danube. 

The following are the most important alternatives that can be considered for discharging warm water to the Danube on 
the right bank and that were analysed in detail: 

V discharge through the existing energy dissipation device and the southern side channel, 

V discharge through the existing energy dissipation device and through the northern channel branching, 
through a new baffle structure (selected solution) 

5.3.1.2.1 Discharge of warm water through the existing energy dissipation device and through the southern 
side channel branching from the new warm water channel 

Detailed analyses were carried out regarding the discharge of the warm water from the new nuclear units via the existing 
baffle structure of the existing warm water channel and the new southern side channel branching off from the warm 
water channel. Discharging at the existing warm water channel mouth and at a point ca. 1 000 meters south downstream 
therefrom are shown on the right hand side in Figure 5.3.1-1. This second outlet point would enable the warm water to 
better mix into and cool in the Danube.  

However, the mixing analysis revealed that the second side channel outlet point located ca. 1000 meters to the south 
creates more unfavourable mixing conditions than a ñquasi single-pointò discharge. The main reason is that the current 
line of the Danube shifts from the right bank toward the left, which would result in insufficient mixing if a second 
discharge point was set up 1000 meters downstream from the current discharge point.  

Further downstream from the existing warm water channel outlet, the Danube is getting shallower along the right bank, 
while discharging at a point further away from the warm water channel mouth would affect an ever greater Natura 2000 
area. 

Thus, as a result of surveys conducted in consideration of environmental and nature conservation consideration it was 
concluded that discharge through the side channel on the Natura 2000 area makes it hard to meet the environmental 
requirements presented in Chapter 5.2.2.2.  
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5.3.1.2.2 Discharging the warm water through the existing energy dissipation device and through the 
northern channel branching from the warm water channel 

If warm water from the existing and new nuclear units is discharged via the energy dissipation structure located at the 
warm water channel mouth and via the new structure to be installed on the northern side channel branching off from the 
warm water channel (Figure 5.3.1-3), the size of affected Natura 2000 areas can be minimized, while an adequately 
designed new structure can also help improve mixing. This new structure could also house the recovery water power 
plant, which ï according to the analyses ï further improves the mixing of warm water discharged into the Danube.  

 

Figure 5.3.1-3: Warm cooling water returned using the existing warm water channel, with a new structure at the outlet that improves 
mixing ï site plan 

  

1 New nuclear power plant units 
2 New route for cold water 
3 New aqueduct for passing warm 

water 
4 New free-flow warm water channel 
5 Water level control spillway 
6 Recovery power plant  
7 Waste weir 
8 Warm water mixing at the mouth 
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5.3.1.2.3 Evaluation 

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

In terms of environmental protection, the more favourable alternative 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 considerable better 
solution, because in this section mixing conditions are better. 

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

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

By implementing the northern side channel and a new warm water discharge structure (e.g. recovery power plant) in the 
area encircled by the existing cold water channel and the existing warm water channel, it is possible to improve the 
mixing of the warm water discharged into the Danube, along with minimizing the affected size of Natura 2000 areas.  

5.3.1.3 Discharge of heated cooling water in summer 

In summer, when the water temperature of the Danube exceeds 25ÁC, and water yield is low, it might be necessary to 
apply an additional solution in order to observe the Tmax=30 o 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 temperatures 
of the Danube over time, as a result of climate change. 

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

× Limiting the electrical output of the unit 

× Mixing in cold cooling water 

× Using supplemental cooling. 

The analyses assumed a 3ÁC temperature drop (basically resulting from mixing) between the warm water discharge 
point and the section 500 meter downstream therefrom, which allows a maximum of 33 ÁC warm water temperature at 
the discharge point.  

5.3.1.3.1 Limiting the electrical output of the unit 

If this solution is used, then maintaining the maximum allowed temperature of the warmed cooling water is achieved by 
limiting the electrical output of the nuclear unit. By reducing electrical output, the amount of heat to be removed from the 
condenser, and therefore ï in the case of an unchanged cooling water mass flow ï the rate of warming of the cooling 
water is reduced. 

5.3.1.3.2 Mixing in cold cooling water 

In the case of this cooling alternative, maintaining the maximum allowed temperature of the warmed cooling water is 
achieved by mixing the excess Danube water that bypasses the turbine condensers from the cold water channel into the 
warm water channel. The excess cooling water required for mixing in cold water is supplied by the additional pump 
located in the water inlet plant, which can be replaced by the pumps in the existing water inlet plant after the units 
currently operation are shut down. The cooling water warmed up in the condenser and the necessary amount of cold 
water mixed in is returned into the Danube via the existing warm water channel and an adequately sized structure that 
improves mixing at the discharge point.  

5.3.1.3.3 Using supplemental cooling 

When supplemental cooling is applied, the maximum allowed temperature of the warmed cooling water is maintained by 
the full-flow cooling of the warmed cooling water that leaves the turbine condensers in a cellular cooling tower with 
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induced draught. The volume passed through the supplemental cooler can be optimized. The cooling water that has 
passed through the condenser and cooled down in the supplemental cooling water is returned to the Danube through the 
existing warm water channel and an appropriate structure that improves mixing. 

5.3.1.3.4 Evaluation 

Each of the studied supplemental solutions are suitable for maintaining the temperature of the warmed cooling water 
below 33 ÁC, as required for discharge into the Danube. 

The minimum allowed partial load of the units puts a limit on reducing the output of Paks II units, while cold water mixing 
may be limited by the available yield of the Danube and the total amount of cooling water extraction for Paks and Paks II, 
and the expandability of jointly used structures and aftercooling may be limited by noise. However, under our basic 
assumptions, technical limitation factors do not render any of the alternatives unfeasible. 

The analyses show that the technical, financial and environmental considerations bring forward different benefits in each 
of the outlined three solutions, but according to current knowledge, temporary limiting of the electrical output of the units 
is an optimal solution, both on the basis of the results of life cost calculations, and in terms of environmental protection, 
as it does not entail either additional environmental emission or encroachment on additional areas.  

5.3.2 COOLING TOWER TECHNOLOGY 

If a wet cooling tower cooling system installed near the existing cold water channel of the power plant is used for the new 
units, their heat is predominantly discharged into the air. The water taken from the Danube and treated by chemicals is 
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 steam turbine is returned to the cooling tower, 
then with the help of the water distributing sprinkler system, it is evenly dispersed on the fill media. The water film formed 
on the fill media cools down again, as a result of evaporation into the countercurrent ambient air. In order to dramatically 
reduce entrainment in the course 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 fill media the cooled water is returned to the cooling 
water pool, from where the circulating pumps carry it back to the condensers. Evaporation increases the salt content of 
the cooling water. For this reason, in order to avoid excessive concentration, a part of the cooling water is elutriated and 
replaced by treated fresh water. Water lost by entrainment must also be replaced. In order to avoid the deposition of salt 
on wetted surfaces, the cooling water used in the cooling system is treated by chemicals, and to prevent the growth of 
algae and the settlement of mussels, biocides are added to the water.  

5.3.2.1 Analysis of tower cooling alternatives 

Separate surveys were carried out for the analyses of the cooling tower options applicable with the new nuclear power 
plant units planned to be installed on the Paks site [5-4], [5-6], [5-7]. The various alternatives were analysed in detail 
according to the considerations of technical, financial, environmental and social acceptability. In the course of the 
assessments the following technical alternatives were analysed in detail within the category of tower cooling systems: 

Natural draught wet cooling tower ( approx. 186 m high), 
Natural draught wet cooling tower limited to 100 m height, 
Natural draught wet tower cooling, with additional fan cooling, 
Hybrid (dry/wet) tower cooling.  

The most important technical characteristics of the analysed alternatives are summed up in Table 5.3.2-1 for 2 x 1200 
MW e capacity. 
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for units of 2 x 1200 MW electrical capacity 
Natural 
draught 

Natural draught 
with limited height 

Natural draught with 
an additional fan 

Hybrid (dry / wet) 
tower cooling 

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 towers (for two 

units) [m2] 

30,000 61,000 36,000 40,000 

Accelerated cooling water volume flow rate m3/hour 2 x 136,820 2 x 5 x 27,364 2 x 136,820 2 x 136,820 

Additional cooling water [m3/h] about 2 x 

2,900 

about 2 x 2,900 about 2 x 2,900 about 2 x 2,600 

Table 5.3.2-1: Specifications of wet tower cooling systems 

5.3.2.1.1 Waste heat emission 

Based on the literature, cooling tower waste heat and moisture emission are likely to have mainly local impacts on the 
atmosphere, under certain weather conditions the probability of certain weather phenomena (relative humidity increase, 
reduced visibility, fog, drizzle, icing, hoar-frost) may increase, cloud, rain and snow formation may be affected, the place 
of shower formation and the time of rainfall may change. Over the longer term, they might slightly affect the micro-
climate of the emitter. Cooling towers have no currently known global impact. 

The protective forest planted in the vicinity of the industrial area and a green surface of a higher biological activity can 
offset part of the heat island impact. In addition to climate related considerations, these solutions are recommended 
because they are suitable for the reduction of other environmental exposures (air contamination, noise) and the for the 
partial concealment of the facility. In winter situations preventive anti-skid 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 of cooling tower pools, and waste 
water release by the replacement cooling water preparatory technologies. The emitted waste waters contain the salts of 
the chemicals required for the treatment of the cooling water circulating in the tower cooling system and the chemicals 
and regenerates used for the development of replacement cooling water. 

5.3.2.1.2 Main sources of noise and their characteristics 

Noise of water falling from the evaporator fills 

A characteristic noise source of wet cooling towers is the splash of water falling from the evaporator fills to the pool of the 
cooling tower. The resulting noise level may reach 90-92 dB(A) at a distance of 1 m from the cooling tower, and thus 
noise reduction is required to meet noise protection regulations. In order to reduce noise levels to 85 dB(A), the erection 
of a screen is sufficient. 

Noise emission by fans 

In the case of solutions with induced draught, in addition to the noise generated by falling water, fans and their driving 
engines may also increase cooling tower noise emissions, depending on the cooling tower design. In order to reduce the 
acoustic pressure of these type of cooling towers below 85 dB(A), noise mufflers must be built into the air suction part of 
fans, and to also abate the noise emission of falling water. As a drawback, the aerodynamic resistance of these mufflers 
increases the power demand of the fans.  

Noise emission by pumps 

The noise emission of the pumps used in cooling systems stays at around the industry average, i.e. typically it does not 
exceed 85 dB(A), and consequently no noise abatement is required.  

5.3.2.1.3 Landscape protection analysis of the studied cooling solutions 

The landscape protection considerations and the compatibility of the considered cooling solutions with the landscape 
were analysed in the first half of 2012, for the then worst case, which was 2 x 1600 MW. The findings of the analysis are 
also valid for the currently studied 2 x 1200 MW units, with the difference being that 2x7 natural draught wet cooling 
towers would be needed for 2 x 1600 MW, while only 2 x 5 such towers are required for 2 x 1200 MW. 
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Natural draught wet tower cooling  

In respect of impacts on and compatibility with the landscape, two 186 m high natural draught wet cooling towers would 
be highly unfavourable in terms of their impacts on the landscape, but the same can be said of the natural draught wet 
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 powerful 
visual impact, and examples for structure of such a number and size are not found anywhere in Hungary or abroad.  

 

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

 

 

Figure 5.3.2-1: Natural draught wet cooling tower, up to 100 m high ï visual design (birdôs-eye view and side view) 

The two natural draught wet cooling towers with additional fans and the two hybrid wet cooling towers with additional 
fans can both be merged to the landscape, they do not show any significant difference. The slightly lower hybrid cooling 
tower is more favourable because of the lower visibility of the vapour cloud, but it has a larger footprint.  

Natural draught wet tower cooling, with additional fan cooling 

 

 

Figure 5.3.2-2: Natural draught wet cooling tower, with additional fan cooling ï visual design (birdôs-eye view and side view) 
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Hybrid (dry/wet) tower cooling 

 
 

Figure 5.3.2-3: Hybrid cooling tower with additional fan ï visual design (birdôs-eye view and side view) 

 

5.3.3 COST-BENEFIT ANALYSIS OF THE ALTERNATIVE COOLING SYSTEMS 

The choice between the fresh water cooling and tower cooling options described in the foregoing chapters needs to be 
supported by a cost-benefit analysis aimed at providing evidence that the best environmental solution is also cost 
effective. The purpose of the cost-benefit analysis is to determine the social and economic benefits and costs involved. 
Benefits and costs can be analysed and interpreted by using methods of economic analysis, and based on the results 
the optimal solution ï which also includes the objective ï can be chosen.  

Within the context of the fresh water cooling option, the optimal solution for the discharge of warm cooling water should 
be chosen based on the results of a cost-benefit analysis as the various alternative solutions offer the same level of 
social benefits. Based on the outcome of the cost-benefit analysis the solution suitable for achieving a specific objective 
at the lowest cost possible can be chosen.  

5.3.3.1 Cost-benefit analysis of fresh water and tower cooling technologies 

Fresh water cooling operates on the principle of removing heat by circulating water, withdrawn from the Danube, through 
a condenser, while in the case of tower cooling the water warmed up in the condenser is recirculated through the cooling 
tower and spread evenly on wet fill media by spray nozzles. The water film formed as a result of the above process is re-
cooled by the counterflow of ambient air circulated through the fill media.  

The project cost and operating costs of the two alternatives can be readily estimated, but the social/economic and 
environmental effects are difficult to assess and the benefits are hard to quantify. For that reason, the engineering 
solutions that have been chosen for both options offer more or less the same level of risks and ensure compliance with 
the relevant environmental regulations. The two alternatives have different environmental impacts but may be regarded 
as having the same level of social impact. Consequently, with the level of risk being similar and compliance with the 
relevant regulations ensured, the lowest-cost solution can be chosen.  
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The following table shows a comparative analysis of the fresh water cooling system: 

 Benefits / useful factors Drawbacks / costly factors 
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Strengths: 
- The lifecycle costs of fresh water cooling alternatives are lower than 

those of tower cooling systems (depending on the characteristics of 
the various alternatives and the discount rate). 

- No or very little chemical use is required. 
- The water resource fees, the amount of which is comparable to the 

cost of chemicals required by the cooling towers, go to the 
government budget. 

- Due to daily fluctuations in ambient temperature the periodic 
variation in electric power generation during the day is minimal. 

- Higher cycle efficiency and electricity yield. 
- Readily available operational experience due to the similarity of this 

technology to that of the existing units. 

Weaknesses: 
- An additional solution or intervention is required due to 

exceeding (for a few hundred hours per year) the maximum 
allowable temperature limit applicable to the warmed cooling 
water. 

- Water resource fees must be paid, of a magnitude 
comparable to the project costs of the various fresh water 
cooling options. 

- 50 percent of the water resource fee has to be paid on an 
annual basis as early as during the construction phase. 
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Opportunities: 
- Due to the slow fluctuation and seasonal nature of the water 

temperature of the Danube, planned maintenance can be 
scheduled in the expected periods of output power limitation. 

- The slow fluctuation of the water temperature of the Danube permits 
a longer term planning of output power limitation than in the case of 
the cooling tower options. 

- The public acceptance of this option is expected to be higher than 
that of the cooling tower alternatives as it is more compatible with 
the landscape character and no vapour cloud appears. 

- Fresh water cooling technology prevents icing that occurs in winter 
time due to vapour generation and might damage the built 
environment and poses risks to the environment in general. 

- As compared to cooling towers, its sizing to the same level of 
earthquake resistance involves much lower costs.  

- In the case of fresh water cooling, the contribution of domestic 
suppliers can be higher. 

Threats: 
- Legislative changes might result in changes to the maximum 

allowable temperature limit applicable to warmed cooling 
water, necessitating additional investment at a later stage. 

- Changes in the water resource fee might result in a 
substantial increase in the costs of operation. 

- Any unforeseen changes in the deepening of the Danube 
riverbed might have an impact on the operation. 

Table 5.3.3-1: A comparative analysis of the fresh water cooling technology 

5.3.3.2 Cost-benefit analysis of the discharge of heated cooling water in summer 

Within the context of fresh water cooling, additional solutions need to be in place in order to ensure that a temperature of 
30ÁC can be maintained in the 500 meter downstream section after the discharged warm water has mixed with the river 
water. The three alternatives serve the same purpose, namely to ensure compliance with the statutory limits pertaining to 
the temperature of the discharged water mixing with the Danube river water, as this represents the entire environmental 
impact on the Danube. Based on the 3D modelling of the mixing, a comparative analysis of solutions for a discharge 
temperature of 33ÁC has been performed. As such, the difference lies in the engineering solutions applied in order to 
achieve the desired outcome. The assessed solutions included the limitation of the output power of the units, the 
addition of cold cooling water, and the use of supplemental cooling ï these are the scenarios that have been compared 
to each other. We compared the limitation of the output power of the units first, then the addition of cold cooling water, 
and finally the use of supplemental cooling, to the other two alternative solutions.  
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5.3.3.2.1 Fresh water cooling accompanied by limiting the electrical output of the units 

In the case of the alternative cooling scenario óFresh water cooling with output power limitation of the unitsô, compliance 
with the maximum temperature limit permitted at the point of discharge is maintained through the limitation of the output 
power of the power plant units. 

 

 Benefits / useful factors Drawbacks / costly factors 
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Strengths: 
- Of the alternative cooling solutions assessed, this has the lowest 

project cost. 
- No additional space requirement. 
- No chemical is required. 
- No additional noise load.  
- No additional water withdrawal from the Danube.  

Weaknesses: 
- The periods of high electricity demand (air conditioning) and 

output restriction (high Danube water temperatures) generally 
coincide. 

- Of all the solutions to be used in addition to fresh water cooling, 
it is in this scenario that the power plant output depends the 
most on weather conditions (namely, the water temperature of 
the Danube). 

- Of all the solutions to be used in addition to fresh water cooling, 
the level of lost electric power is the highest in this scenario. 

- The discharge temperature cannot be substantially reduced if 
this solution is used exclusively. 
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Opportunities: 
- No additional type of environmental impact (the level of impact on 

landscape compatibility, as well as noise and heat load is similar 
to that of the existing scenario, with the additional effect of the 
new units). 

- Lowest impact on the built environment. 
- Due to the slow fluctuation and seasonal nature of the water 

temperature of the Danube, planned maintenance can largely be 
scheduled to coincide with the expected periods of output power 
limitation. 

Threats: 
- The average amount of electric power lost per unit due to 

output limitation during critical periods is 150 to 500 MWe. 

Table 5.3.3-2: Fresh water cooling with output power limitation 

 

5.3.3.2.2 Fresh water cooling with added cold cooling water 

In the case of the óFresh water cooling with addition of cold cooling waterô scenario, compliance with the maximum 
allowable temperature limit of the warmed cooling water is maintained through the mixing of additional amounts of 
Danube water bypassing the turbine condensers into the warm water channel.  
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 Benefits / useful factors Drawbacks / costly factors 
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Strengths: 

- Has substantially lower space requirements than the other 
alternatives of additional cooling. 

- Of all the solutions to be used in addition to fresh water cooling, in 
this scenario is the power plant output the least dependent on 
weather conditions (namely, the water temperature of the 
Danube). 

- No chemical dosing is required. 

- Low additional noise load in the operating area of the power plant 

Weaknesses: 

- Requires the withdrawal of more water from the Danube than 
the other fresh water cooling variants. 

- The additional water intake is subject to a permit from the water 
authorities. 

- - Higher water resource fee. 

- The discharge temperature cannot be substantially reduced if 
this solution is used exclusively. 
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- There is no new kind of environmental impact (the landscape is 
similar to the previous one, noise and heat load are increased by 
the additional effect of the new units). 

Threats: 

- - If only this additional solution is used, the combined water 
intake of the existing and newly implemented units could 
approximate 300 m3/s of the Danubeôs water flow.  

Table 5.3.3-3: Analysis of the óFresh water cooling with addition of cold cooling waterô scenario 

5.3.3.2.3 Fresh water cooling with supplemental cooling 

When supplemental cooling is applied, the maximum allowed temperature of the warmed cooling water is maintained by 
the cooling of the warmed cooling water that leaves the turbine condensers in a cellular cooling tower with induced 
draught.  

 

Analysis of fresh water cooling by supplemental cooling 

 Benefits / useful factors Drawbacks / costly factors 
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rs Strengths: 
- No additional water withdrawal from the Danube. 
- Its operation is independent of the water level of the Danube. 

Weaknesses: 
- Of the fresh water cooling variants assessed, this involves the 

highest project cost. 
- Unlike the other fresh water cooling variants assessed, this 

solution requires periodic chemical dosing (biocides). 
- Substantial periodic noise load in the operating area of the power 

plant. 
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Opportunities: 
- This solution is flexibly adaptable (expandable) if stricter 

discharge limits are introduced. 
- Due to its modular design it is adaptable to the effects of 

climate change, to any extent desired. 
- Unlike in the case of cooling tower variants, no icing occurs. 

Threats: 
- Of the fresh water cooling variants assessed, this one can have 

the most substantial impact on the built environment. 
- Visible vapour emissions are likely to occur but only to a small 

extent as supplemental cooling is required during the warmest 
periods. 

Table 5.3.3-4: Analysis of the óFresh water cooling with supplemental coolingô scenario 

Based on the results of the above analyses, the alternative solution offering the lowest lifecycle cost, highest social 
benefits and lowest environmental impact is currently the output power limitation of the units, and thus it is this solution 
that will be applied during the implementation; however, it does not exclude the use of additional solutions at a later 
stage.  

In the course of the operation of the power plant units, the cost-benefit analysis may be updated depending on changes 
in the price of electricity, in the maximum water temperature of the Danube and in the project costs, and the most 
favourable supplemental solution may then be chosen based on the updated analysis.  
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5.3.4 EVALUATION 

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

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

The icing caused by the water vapour emitted by cooling towers in winter might damage the built environment and poses 
risks to the environment in general. 

As far as construction is concerned, the fresh water cooling system basically consists of types of structures that have 
already been built in Hungary, i.e. building and construction experience has been gained, while a wet tower cooling 
system applying natural draught technology has not yet been constructed on such a scale in Hungary.  

From an environmental perspective, the fresh water cooling system requires no ï or very little ï chemical use, while the 
tower cooling system involves substantial chemical use for the processing of replacement cooling water and the 
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 towers comprising the tower cooling system 
are less compatible with the landscape character due to the higher number of towers, even if tower height is limited. The 
noise load, as well as the project cost and operating cost of cooling towers with fan-assisted draught inducers are 
significantly higher. 

From an economic perspective, it can be concluded that the total lifecycle cost of the tower cooling system is higher than 
that of fresh water cooling. 

As a result of the analyses performed, the technology chosen ï similarly to that of the four existing units ï is the fresh 
water cooling system. [5-7] 
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6 CHARACTERISTICS AND SPECIFICATIONS OF THE PAKS II NUCLEAR POWER PLANT 

PLANNED TO BE BUILT AT THE PAKS SITE 

6.1 DEVELOPMENT OF THE RUSSIAN VVER UNITS 

The Russian manufacturerôs currently available III+ generation unit model is VVER-1200.  

The unitôs thermal capacity is 3200 MW, with a gross electric capacity of 1200 MW, and a district heating capacity of 300 
MW. 

VVER-1200 is an improved version of the VVER-1000 unit with a longer designed operating life (60 years), with a higher 
built-in capacity and higher thermal efficiency. 

The unit is available in several versions, the difference between them lying in the different philosophy of safety systems 
designed by different chief designers (MIR-1200 ï St Petersburg design, AES-2006 ï Moscow design). 

 

Protot²pus ï Prototype 
V-428 K²na (2007) ï V-428 China (2007) 
V-466 Finnorsz§gi aj§nlat (2003) ï V-466 Proposal from Finland (2003) 
V-491 Leningrad II (Tervezett indul§s: 2015) ï V-491 Leningrad II (Planned start: 2015) 
V-392 Bulg§ria (Projekt le§llt -2012) ï V-392 Bulgaria (Project was stopped ï 2012) 
MIR-1200 (Szentp®terv§ri tervez®s) ï MIR-1200 (Design of Saint Petersburg) 
AES-2006 (Moszkvai tervez®s) ï AES 2006 (Design of Moscow) 
V-392 M Novovoronezh II Tºrºkorsz§g ï V-392 M Novovoronezh II Turkey 

Figure 6.1-1 Development of the Russian VVER units [6-1] 

The VVER-1200 unit is better in terms both of its economy (unit capacity, efficiency) and availability (92% utilisation 
factor, 60 years operating life). 

Besides safety changes, the main circulating pumps have been improved (through eliminating oil lubrication), a new fuel 
has been introduced that burns out7 reactor poisons, and the reliability of steam generators has been upped. The newly 
constructed units use integrated, digital control technology. The steam turbine has normal revolution (3000 rpm) but the 
use of low speed (1500 rpm) machines is also being planned.  

Through consistent application of the internationally accepted safety norms and EUR recommendations the VVER-1200 
unit has practically been elevated to the level of AP1000 and EPR reactors. This is proved by the fact that VVER-1200 
has been certified and approved by EUR. 

                                                           
7Reactor poisons absorb neutrons (and thus reduce the multiplicator effect) without contributing to the chain reaction. 



MVM Paks II. Zrt Environmental Impact Study 

Implementation of New Nuclear Power Plant Units at the Paks Site  Characteristics and Specifications of the Paks II NPP Planned to be Built at the Paks Site 
 
 
 

 
 

File name: PAKSII_KHT_1_8_EN 122/217 

 

 

Figure 6.1-2 Russian units under construction [6-1] 

Site Reactor type MWe Status Start of operation 

Novovoronezh II-1 VVER-1200/V-392M 1200 Under construction 6/08 2014 

Rostov 3 VVER-1000/V-320 1100 Under construction 1983, restarted 9/09  2014 

Leningrad II-1 VVER-1200/V-491  1200 Under construction 10/08  2016 

Novovoronezh II-2 VVER-1200/V-392M 1200 Under construction 7/09 2015 

Leningrad II-2 VVER-1200/V-491 1200 Under construction 4/10 2018 

Baltic 1 (Kaliningrad) VVER-1200/V-491 1194 
Under construction 4/12, suspended 6/13-

6/14 
2017 (delay) 

Table 6.1-1 Russian units under construction [6-2] 

In the Russian Federation two VVER-1200 units are being built at the Leningrad Nuclear Power Plant (Sosnovij Bor) and 
another two at the Novovoronezh Nuclear Power Plant and are expected to start operation in 2018 or 2019. 

The Russian Federation plans to expand its nuclear generation capacity significantly with VVER-1200 type units. 17 
units are scheduled to come online by 2020, with a total new capacity of 20,000 MWe. 

Site Reactor type MWe Status Start of operation 

Leningrad II-3 VVER-1200/V-491 1200 Scheduled: 2015 2021 

Leningrad II-4 VVER-1200/V-491 1200 Scheduled: 2016 2022 

Kursk II-1 VVER-1200/V-510 1300 Scheduled: 2015 12/2020 

Kursk II-2 VVER-1200/V-510 1300 Scheduled: 2016 12/2021 

Smolensk II-1 VVER-1200/V-510 1200 Scheduled: 2016 2022 

Smolensk II-2 VVER-1200/V-510 1200 Scheduled: 2017 2023 

Table 6.1-2: Currently designed projects [6-2] 

  
































































































































































































